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f_crane_drop WHB 6 Ton crane drop accident rate per lift.

3.4E-06 /lift

WIPP/WID-96-2196, October 1996, Waste Isolation Pilot Plant, 
TRUDOCK Crane System Analysis.  Dominant failure modes are 
hook/cable failure and human error.  Drop due to loss of power to crane 
at 4.3E-01/yr and brake failure is a very small contributor.

f_forklift_coll_site Frequency of forklift equipment failures producing 
waste container punctures, considering all the forklift 
operations accomplished during a typical operational 
year at a typical operational DOE site.

1.3E-02 /site-year

INEL-94/0228, Table B-1, p. B-10.  Estimate based on very broad 
arguments on a site wide basis.  This value forms the basis for 
frequency of forklift collisions per operating hour, f_forklift_op

f_forklift_coll Frequency of forklift hardware failures (brake failure, 
accelerator stuck) resulting in collisions with waste 
drum packages during waste handling operations. 2.6E-06 /op hr

Scoping estimate based on estimate of  a typical site year.  = 
f_forklift_coll_site/ (10 forklifts * 2000 operational hours/year * 25% 
usage factor for each forklift).  At WIPP pre-operational checks are 
accomplished before each shift.

f_forklift_drop_site Frequency of forklift equipment failures producing 
waste container drops, considering all the forklift 
operations accomplished during a typical operational 
year at a typical operational DOE site.

4.3E-03 /site-year

INEL-94/0228, Table B-1, p. B-10.  Estimate based on very broad 
arguments on a site wide basis.

f_forklift_drop Frequency of forklift hardware failures (lifting 
mechanism, suspension, structure) resulting in drops 
of waste drum packages during waste handling 
operations.

8.6E-07 /op hr

Scoping estimate based on estimate of  a typical site year.  = 
f_forklift_drop_site/ (10 forklifts * 2000 operational hours/year * 25% 
usage factor for each forklift).  At WIPP pre-operational checks are 
accomplished before each shift.

f_hoist_brake Failure of hoist braking system, given loss of power to 
hoist lifting equipment. 1.3E-07 /demand

WIPP/WID-96-2178, Rev 0, WIPP Waste Hoist Brake System Analysis, 
Average unavailability of brake system based on anticipated annual 
usage, (see p. A3-18 of report for top event unavailability definition)

f_ign_est Spontaneous ignition rate for non-WAC verified and 
non-process specific waste, based on WIPP 
interpretation of DOE experience

5.3E-05 /m3-yr

Based on applicable experience since 1970.  Refer to Tables D-2 and D-3 
for evidence used to estimate this frequency.

f_LOSP Frequency of loss of off-site power to the WIPP site
2.2E-01 /year

Based  on 3 events at the WIPP site during the past 13 years. Refer to 
Table D-12 for evidence used to estimate this frequency.

f_Loss_pwr_hoist Frequency of loss of on-site power distribution to 
critical lifting equipment, e.g. the hoist and 6-ton 
crane.

4.3E-01 /year
Based on 3  LOSP and 3 onsite losses during past 13 years.   Refer to 
Table D-12 for evidence used to estimate this frequency.

Table D-1,  Documentation of Basic Event Variables Used in the Quantification of CH Waste Accident 
Frequencies
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Table D-1,  Documentation of Basic Event Variables Used in the Quantification of CH Waste Accident 
Frequencies

f_roof_hardware Mechanical failure of either the bolts or resin.  As the 
hardware is straightforward and represents mature 
technology the likelihood of failure is judged to be 
dominated by the delivery of flawed materials that are 
not detected.

1.0E-03 /room

Estimate based on errors during both manufacturing and acceptance of 
materials.  Use product of NUREG/CR-1278, error of omission, Table 20-
6, (1) for manufacture and H_check for acceptance to estimate an upper 
bound.

f_roof_unk Roof Fall Due to Unanticipated / Unobservable Failure 
Mechanisms  This models the estimated frequency of a 
roof fall without any prior indications in monitored 
drifts. 

2.6E-05 /year

Refer to the discussion in SAR Section 5.2, CH11 Underground Roof 
Fall, Roof Fall Initiating Event, Unanticipated/Unobservable 
Mechanisms. (Estimate shown is the mean value of lognormal 
distribution with median = 1E-05 and RF = 10)

Factor_events_cor Correction factor to account for the less than complete 
detectability of spontaneous ignition events within 
drums in interim storage.. 

10
See  Section 5.2.3.1 and Table D-2 for a discussion of the evidence and 
reasoning for the selection of this correction factor.

H_check HEP for Checker Fail to Detect Operator Error, given 
not completely independent in time, no immediate 
safety concerns

1.0E-01 /demand
NUREG/CR-1278, Table 20-22, Item (1), median value

H_com HEP for commission of error in accomplishing clear 
and unambiguous tasks

1.0E-03 /demand

NUREG/CR-1278, Inferred from median values HEPs of errors of 
commission normally associated with clear and unambiguous tasks: 
Table 20-10, Items (2)&(6);  Table 20-11, Items (1)&(2); Table 20-12, 
Items (3)&(9), Table 20-13 Item (1)

H_filter_UG1 HEP for failure to transfer to underground filtration 
mode, given a release of TRU waste in the 
underground  during active emplacement of waste.   
Approximately  2 minutes available to act before 
material transits from U/G to the surface. 

1.0E-01 /demand

WSRC-TR-93-5816, Action 2.  Estimate for failure take immediate 
action.  A  potential release is considered a compelling signal to act.  
High mean value selected, because of the potential for injuries compete 
for attention and limited time.

H_filter_UG2 HEP for failure to transfer to underground filtration 
mode, given a release of TRU waste in the 
underground following sustained combustion in a 
drum.   Approximately  2 minutes available to act 
before material transits from U/G to the surface. 

1.0E+00 /demand

Due to the difficulty in detecting  and  recognizing this event when it 
occurs within the drum stack, no credit is taken for manual shift to 
filtration  before a significant portion of the release occurs.

H_forklift_drop HEP for failure to control a forklift during a waste 
handling operations, resulting in a drop

1.0E-05 /operation

WSRC-TR-93-5816.  Action 25.  Low value used because the forklift is 
used in a consistent and repetitious manner for waste transfers, and 
favorable working conditions must exist for waste handling operations 
to proceed.
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Table D-1,  Documentation of Basic Event Variables Used in the Quantification of CH Waste Accident 
Frequencies

H_forklift_punct HEP for failure to control a forklift during a waste 
handling operations, resulting in a puncture

5.0E-06 /operation

WSRC-TR-93-5816.   Action 26.  Low value used because the forklift is 
used in a consistent and repetitious manner for waste transfers, and 
favorable working conditions must exist for waste handling operations 
to proceed.

H_High_dep Conditional failure likelihood to accomplish a 
subsequent action, given high dependence with failure 
of a previous task.

5.0E-01 /demand
NUREG/CR-1278, Table 20-18

H_WAC_generic HEP for failure to verify that drum conforms to WAC - 
unrepackaged stored waste, generic process 1.0E-01 /demand

Estimate derived from consideration of that failure requires a 
combination of administrative errors, or errors of omission and/or 
commission during routine actions.  

H_WAC_new HEP for failure to verify that drum conforms to WAC - 
wastes that will generated in the future 1.0E-04 /demand

Estimate based on judgement that future generation processes will be 
subject to close control and checking.  See discussion of likelihood for 
accident CH1 in Section 5.2.3.1 of the SAR for full justification.

H_WAC_repack HEP multiplier for failure to verify that drum 
conforms to WAC - wastes that will repackaged prior 
to shipment to WIPP 

1.0E-01 None
Estimate based on reasoning similar to NUREG-1278, Table 20-22, Item 
(1).  Repackaging reduces fraction of unverified drums by a factor 
associated with checking routine tasks with written materials.

L_combust_gen Likelihood that sufficient combustibles will be 
available within a waste drum to support a sustained 

1.0E+00 /event
It is assumed that if a drum ignites there will be sufficient combustibles 
to generate enough energy breach the drum.

L_drum_15 Likelihood that at least one drum is breached, given 7-
pack fall from 15 feet 1.0E+00 /event

Ref.: Deremer, K. PLG-1121.  Drum is part of stacked seven packs and 
may be crushed by weight of other drums.  All mechanisms considered, 
including lid dislodgment.  No credit for shrink wrap.

L_drum_10 Likelihood that at least one drum is breached, given 
dual 7-pack fall from 10 feet. 6.2E-01 /event

Ref.: Deremer, K. PLG-1121.  Drum is part of stacked seven packs and 
may be crushed by weight of other drums.  All mechanisms considered, 
including lid dislodgment.  No credit for shrink wrap.

L_drum_07 Likelihood that  at least one drum is breached, given 7-
pack fall from 7 feet. 3.0E-01 /event

Ref.: Deremer, K. PLG-1121.    Drum is part of a seven pack and may be 
crushed by weight of other drums.  All mechanisms considered, 
including lid dislodgment.  No credit for shrink wrap.

L_drum_05 Likelihood that at least one drum is breached, given 7-
pack fall from 5 feet. 8.5E-02 /event

Ref.: Deremer, K. PLG-1121.  Drum is part of a seven pack and may be 
crushed by weight of other drums.  All mechanisms considered, 
including lid dislodgment.  No credit for shrink wrap.

L_drum_punct Likelihood that a drum is punctured, given that 
forklift tines collides with it at one of a spectrum of 
operational speeds.

1.0E+00 /collision
Worst case assumption based on use of WSRC-TR-93-5816, Action 26, 
for human error for puncture.  That variable assumes that puncture is 
achieved.
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Table D-1,  Documentation of Basic Event Variables Used in the Quantification of CH Waste Accident 
Frequencies

L_filter_UG1 Likelihood of failure to auto-transfer to underground 
filtration mode, given a puff release of TRU waste in 
the underground 

1.0E+00 /demand
Worst Case Assumption.  No credit taken for the ability of the time 
integrated control logic to prevent a puff release.

L_filter_UG2 Likelihood of failure to auto-transfer to underground 
filtration mode, given a gradual release of TRU waste 
in the underground 

1.0E+00 /demand
Worst Case Assumption.  No credit taken for autoshift, because 
approximately 13 minutes  required between time of first detection at 
station A and actual shift to filtration.

L_filter_WHB Likelihood the on-line HEPA filter is open or 
bypassed, given a release of TRU waste in the WHB, 
and is therefore unavailable to accomplish its function. 
(Primary cause is human error that leaves the HEPA 
filter in an undetected bypassed condition.) 

1.0E-04 /event

This condition requires alignment error at the filter and lack of 
monitoring by the CMRO.  Given the HEPA filter is required to be 
online and the delta-p across the HEPA filter is monitored in the CMR, 
the estimate is judged to be conservative.

L_oxidant Likelihood that sufficient oxidant will be available 
within a waste drum to support a sustained fire

4.2E-03 /event
DOE/WIPP 87-005, p. 39.  See SAR Section 5.2.

N_7pack_wk Throughput for CH waste per week (4ea 7packs/ 
facility pallet * 7 facility pallets per day * 4 days/ 
week.)

112 /week
Ref.: SAR Section 4.3.1, which references statement by the RCRA 
permit.  This basic event controls all the CH waste handling 
rates quantified in the accident analysis.

N_7pack_yr Number of equivalent 7-packs placed per year (= 
N_7pack_wk * 52 weeks)

5,824 /year 

Ref.: SAR Section 4.3.1.  The waste handling rate used for accident 
analysis is based on the maximum planned throughput.  The 25% 
contingency estimated for maintenance and transition time from one 
room to another is not used here.

N_drum_panel Number of equivalent 55 gallon drums that can be 
stored in one panel

81,000 /panel
Ref.: SAR Section 4.3.1, which references statement by the RCRA 
permit.  

N_drum_room Number of equivalent 55 gallon drums that can be 
stored in one room (= N_drum_panel/7)

11,571 /room
Drums equally divided among 7 rooms

N_events Number of events used to estimate the spontaneous 
ignition frequency for TRU waste drums that have 
been improperly certified as conforming to the WIPP 
WAC.

40 events

=N_obs_events * Factor_events_cor.  See Section 5.2.3.1 for a discussion 
of the reasoning using this correction factor in the estimate of the 
spontaneous ignition frequency in improperly certified TRU waste.

N_obs_events Number of  events associated with the long term 
storage of TRU waste at the generator sites that can 
be considered indications of the potential for 
spontaneous ignition in drums at the WIPP.

4 events

Refer to Table D-3 for a discussion of fire that have been included and 
excluded from qualifying events.

N_room_yr Average number of rooms that will be filled per year 
based on expected throughput = (7 * N_7pack_yr ) / 
(N_drum_room)

3.5 /year 
Derived from the estimated throughput of waste per year.  
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Table D-1,  Documentation of Basic Event Variables Used in the Quantification of CH Waste Accident 
Frequencies

N_TRUPACT_yr Number of TRUPACT II shipments to the WIPP per 
year   (= N_7pack_yr/2)

2,912 /year 
Calculated based on 2 ea. 7-packs per TRUPACT

T_crane_op Average time that a TRUPACT load will be suspended 
on the TRUPACT crane.

0.2 hours
Based on current training activities, operations personnel estimate that 
time to transfer waste is about 10-15 minutes.

T_forklift_UG Average time that a forklift requires to transfer one 
seven-pack from the transporter to the stack in the 
U/G.

0.1 hours
Based on current training activities, operations personnel estimate that 
time that BRUDI load will be off the ground is about 5 minutes.

T_forklift_WHB Average time that a forklift requires to transfer one 
facility pallet to the hoist transfer room.

0.2 hours
Based on current training activities, operations personnel estimate that 
time to transfer waste is about 10-15 minutes.

T_hoist_op Average time that the hoist supports waste during one 
transfer operation to the underground horizon. 0.2 hours

Ref.: WIPP/WID-96-2178, p.3-3 estimates 8.6 min. cycle time per lift at 
500 ft/min.  Time rounded to 0.2 hours to account for any additional 
brake release time that might be required.

Tot_storage_exp Total time integrated exposure of TRU waste to 
spontaneous ignition. 7.6E+05 m�

�[GCTU

Accounts for the accumulated storage experience of the TRU waste 
volume at all generator sites since 1970.  See Table D-2 for the 
derivation of this variable.

Vol_CH_UG_room Maximum volume of CH waste that can be stored in 
one actively ventilated U shaped panel room with its 
associated access drifts in which drums are stored.

3,007 m3

Maximum volume of CH waste currently permitted for storage at WIPP 
apportioned to 8 panels containing 7 rooms each.

Vol_CH_WHB Maximum stored volume of CH waste in the Waste 
Handling Building (= 7 facility pallets * 28 

drums/pallet * 0.208 m3/drum)
40.8 m3

WIPP RCRA Part B Application, p. D-7 states that a maximum of 7 
facility pallets may be left in the storage area.

Vol_CH_WIPP Total volume of CH TRU waste authorized for disposal 
at the WIPP 

1.7E+05 m3 = Vol_TOT_WIPP - Vol_CH_WIPP 

Vol_drum Maximum volume for waste inside a 55 gallon drum 0.208 m3 WIPP SEIS-II App B , p. B-12

Vol_RH_WIPP Total volume of RH waste anticipated for disposal at 
the WIPP

7,080 m3 WIPP RCRA Part B Application, p. D-16

Vol_TOT_WIPP Total volume of combined RH and CH TRU waste 

authorized for disposal at the WIPP (=6.2E06 ft3 * 

0.0283 m3/ft3)

1.75E+05 m3

Limit established  by Public Law102-579

X_CH_active Drift length of one actively ventilated U shaped 
opening in which CH waste is placed, consisting of a 
panel room with its associated access drifts.

566 feet
Room length is 300 feet.  Pillars are 100 feet thick.  Therefore, entry 
ways are 133 feet on each end.

X_UG_active Total drift length of all active openings in the UG 
horizon. (4.5 miles) 25,380 feet

WID/WIPP Engineering Memo HA:96:3555, dated June 28, 1996, 
Subject: LINEAR FOOTAGE OF OPENINGS IN THE 
UNDERGROUND BEFORE AND AFTER NORTHEND 

��� �������



WIPP SAR DOE/WIPP-95-2065 REV. 4 APPENDIX D

8CTKCDNG�0COG &GUETKRVKQP (QTOWNC 4GUWNVKPI�8CNWG %QOOGPVU

HAKIPAGUV 5RQPVCPGQWU�KIPKVKQP�TCVG�HQT�PQP�9#%�XGTKHKGF�

CPF�PQP�RTQEGUU�URGEKHKE�YCUVG��DCUGF�QP�9+22�

KPVGTRTGVCVKQP�QH�&1'�GZRGTKGPEG

�0AGXGPVU�6QVAUVQTCIGAGZR ���'�����O@��[T $CUGF�QP�KPVGTRTGVCVKQP�QH�CRRNKECDKNKV[�QH�KPEKFGPVU�CPF�

VJG�CUUWOGF�VQVCN�GZRQUWTG�QH�647�YCUVG�VJCV�EQWNF�

IGPGTCVG�VJQUG�KPEKFGPVU�

0AGXGPVU 0WODGT�QH�GXGPVU�WUGF�VQ�GUVKOCVG�VJG�URQPVCPGQWU�

KIPKVKQP�HTGSWGPE[�HQT�647�YCUVG�FTWOU�VJCV�JCXG�

DGGP�KORTQRGTN[�EGTVKHKGF�CU�EQPHQTOKPI�VQ�VJG�

9+22�9#%�

�0�QDUAGXGPVU���

(CEVQTAGXGPVUAEQT

�� 5GEVKQP���������HQT�C�FKUEWUUKQP�QH�VJG�TGCUQPKPI�WUKPI�

VJKU�EQTTGEVKQP�HCEVQT�KP�VJG�GUVKOCVG�QH�VJG�URQPVCPGQWU�

KIPKVKQP�HTGSWGPE[�KP�KORTQRGTN[�EGTVKHKGF�647�YCUVG�

(CEVQTAGXGPVUAEQT %QTTGEVKQP�HCEVQT�VQ�CEEQWPV�HQT�VJG�NGUU�VJCP�

EQORNGVG�FGVGEVCDKNKV[�QH�URQPVCPGQWU�KIPKVKQP�

GXGPVU�YKVJKP�FTWOU�KP�KPVGTKO�UVQTCIG���

�� 5GG��5GEVKQP���������HQT�C�FKUEWUUKQP�QH�VJG�GXKFGPEG�CPF�

TGCUQPKPI�HQT�VJG�UGNGEVKQP�QH�VJKU�EQTTGEVKQP�HCEVQT�

0AQDUAGXGPVU 0WODGT�QH��GXGPVU�CUUQEKCVGF�YKVJ�VJG�NQPI�VGTO�

UVQTCIG�QH�647�YCUVG�CV�VJG�IGPGTCVQT�UKVGU�VJCV�

ECP�DG�EQPUKFGTGF�KPFKECVKQPU�QH�VJG�RQVGPVKCN�HQT�

URQPVCPGQWU�KIPKVKQP�KP�FTWOU�CV�VJG�9+22�

� 4GHGT�VQ�6CDNG�&���HQT�C�FKUEWUUKQP�QH�HKTG�VJCV�JCXG�DGGP�

KPENWFGF�CPF�GZENWFGF�HTQO�SWCNKH[KPI�GXGPVU�

6QVAUVQTCIGAGZR 6QVCN�VKOG�KPVGITCVGF�GZRQUWTG�QH�647�YCUVG�VQ�

URQPVCPGQWU�KIPKVKQP�

�8QNA%*AUVQTGF���


;TA%WTTGPV��;TA�����

���'���O@��[T 9CUVG�ECP�DG�GZRQUGF�VQ�URQPVCPGQWU�KIPKVKQP�QPN[�HQT�VJG�

RGTKQF�HQT�YJKEJ�KV�KU�UVQTGF��CPF�PQV�CNN�QH�KV�KU�IGPGTCVGF�

CV�VJG�UCOG�VKOG���9CUVG�KU�CUUWOGF�VQ�JCXG�DGGP�

IGPGTCVGF�CV�C�EQPUVCPV�TCVG�DGVYGGP������CPF�VJG�RTGUGPV�

[GCT�

8QNA%*AUVQTGF 6QVCN�8QNWOG�QH�647�%*�9CUVG�%WTTGPVN[�KP�

5VQTCIG�CV�CNN�UKVGU

����'���O@� 5GG�#RRGPFKZ�#�HQT�C�NKUVKPI�QH�CNN�HKPCN�YCUVG�HQTOU�CPF�

VJG�FQEWOGPVCVKQP�QH�VJKU�EWOWNCVKXG�VQVCN�XQNWOG���

#RRGPFKZ�#�KU�DCUGF�QP�C�69$+4�3WGT[��,WPG��������

;TA� $GIKP�VKOG�HQT�IGPGTCVKQP�QH�647�YCUVG ���� #UUWOGF�HKTUV�[GCT�KP�YJKEJ�647�YCUVG�YCU�IGPGTCVGF���

6JKU�KU�VJG�HKTUV�[GCT�WUGF�HQT�VJG�UGCTEJ�QH�HKTG�KPEKFGPVU�

;TA%WTTGPV %WTTGPV�VKOG ����

��������	
����������������������������������������������������������� ��!������������"��������

��# $	%	%&&



WIPP SAR DOE/WIPP-95-2065 REV. 4 APPENDIX D

��������	
�����������������������������������������������������
����������������������������

������

���	
���	��	
��	�������	����
�	����������	
��	��������	���	���������	����	
�	������	��	������	������	�����������	��������	������	
����������	���	������������	��	���
�	���
������	���	
��	����
�����
���	��	
��	����
������	����
���	�������� 	��	�����	
��
	�� 	����	����	
�������� 	���
�����	
�	�������	
�	
��	!"##	!$%	����	��������	
�	
��	!"##&		�����
���	��	"������
�	
��
	��������	�����	�
	�
���	'��	
�����
���&		(��	
��	�����
����	����
 	��	!"##�	�
	��	�����
��
	
�	����	����������	
��
	'��	����	����������	���	���
�� ���	���
�	
�	
��	!"##	
!$%	����	�����
��	����	
��	������	������	����	�	
����	�������
�&		)�������	���	
��	�������	��	����
�� ���	
��	������
����
 	��	
��	
�����
���	��	�������� 	���
�����	�����	
��
	��	��	��������	
�	
��	!"##�	
��	�������	����
����	���	�����
���	���
����	���	����	
�	
�����
�	������	������������

		!��
	���	
��	��
�����	����
���	��	
��	���
�����	�
	
��	
���	��	
��	�������
*		

		��	���
	��
��
	���	
��	�������
���	��	��
�����	���	�+,	�����
�� 	��	
��	�����
����	��	���
������	��	�����	
				
��	�����	��������	������	
�	�	�����
���	��	�����	
��
	����	��	����������	���	�������
	
�	
��	!"##*			

		!��
	����	
��	�������
�����	�����	�����	
��	���
������	����	�
����	��������	
�	�����
����	
��
	����	��	
				�������
��	��
�	
��	�������	���	��
����	�
�����	��	�+,	���
�	�����	
��
	����	��	����������	���	�������
	
				
�	
��	!"##*			

��	����� 	��	�����
	��������	��	�������	��	
��	�����
���	��	�����	
�	��	�������	�
	
��	!"##�	
��	�������	
�	
��	�����	����
����	�����	
���	���	
�	����
�� 	����	�������
���	��
�	�	����	�����
���	��	���	
���	��
����	�
�����	����
���	�
���
�	�������&		(��	�������	
������� 	
�
�����	��	
�������	���	�����	
��
	���	� ������
�	��	�������
���	�
���	���	���	����
���	��� ����	���-	��
�	����	��
����	��	���
	�-� 	
������	� ��������	��
�����	��	�������	��
�&	.��������	
��	�
�����	���������
���	��	��	��������	
�	����
���	
��	��
�	��	��	����������	
�����	
���	��-���	�
	������
���	
�	����
������	����
���&		.�
����	����	����� 	����	
�	��	�������	����������� 	����������	
�	��	
�������
��	���	�
���
�	�������&		����������	��	�������
	��
�	��
����	�
����	�����	
����	�����
����	��	��
	������
���	��	
��	������
����
 	��	
���
�	
��
	����	��	��������	
�	
��	!"##&

�� !"#"#$$



WIPP SAR DOE/WIPP-95-2065 REV. 4 APPENDIX D

�����

���	
�������
���
���������

����
�
��	�����
������
�����

���	������� �����������	�

���
���

���������	���
��
��������������
�
�����������		
����

 ����!��
��

���
������������������
���
���� "���	���#�	����
���
���#���������	������	�
���

�����������$
��������+0'.��$WTKCN�

ITQWPF�HKTG�KP����ICN�

FTWO���5OQNFGTKPI�HKTG�

HQWPF�FWTKPI�GXGPKPI�

RCVTQN�

1WVUKFG�UVQTCIG�KP�UWP��DNCEM�FTWO��

VQR�QH�UVCEM�PGCT�EGPVGT�QH�CTTC[���

&TWO�JCF�DGGP�UJKRRGF�HTQO�4(2���

%QPVCKPGF�C�R[TQRJQTKE�QDLGEV�VJCV�

DWTUV�KPVQ�HNCOGU�FWTKPI�GZCOKPCVKQP�

HQNNQYKPI�HKTG��DTQMGP�INCUU��FKTV��

TQEMU��RCRGT��RNCUVKE��INCUU�LCTU��GVE���

&TWO�DTGCEJGF���&KTGEV�OQPKVQTKPI�

QH�CKT�UJQYGF�EQPVCOKPCVKQP�URTGCF�

YCU�XGT[�NQY���(KTG�GZVKPIWKUJGF�

D[�NKHVKPI�HTQO�UVCEM�CPF�DWT[KPI�

YKVJ�DWNNFQ\GT���0Q�URTGCF�QH�

EQPVCOKPCVKQP�FGVGEVGF�

2TQDCDNG�QTKIKP�QH�FTWO�VTCEGF�VQ�

CP�QNF�PCVWTCN�WTCPKWO�NCDQTCVQT[�

CV�4(2���0Q�EQPENWUKQPU�FTCYP�

QVJGT�VJCP�VJG�URQPVCPGQWU�KIPKVKQP�

QH�WTCPKWO�

&TWOU�HKNNGF�KP�NCDQTCVQTKGU�FWTKPI�

RGTKQFU�QH�NGUUGT�EQPVTQN�OC[�UVKNN�

GZKUV�KP�NQPI�VGTO�KPVGTKO�UVQTCIG�CV�

IGPGTCVQT�UKVGU�

;GU���,WFIGF�VQ�DG�RCTV�QH�VJG�YCUVG�KP�

KPVGTKO�NQPI�VGTO�UVQTCIG�CV�IGPGTCVQT�UKVGU�

VJCV�YKNN�DG�RTQEGUUGF�HQT�UJKROGPV�VQ�VJG�

9+22�

���������#0.�'��

'ZRNQUKQP�QH����ICN�FTWO�

EQPVCKPKPI�UQNKF�

TCFKQCEVKXG�YCUVG�KPUKFG�

RCTMGF�VTWEM�QXGT�PKIJV���

&COCIG�FKUEQXGTGF�KP�

OQTPKPI�

&TWO�JCF�DGGP�RNCEGF�KPUKFG�VJG�VTWEM�

CU�C�UVCPFCTF�RTQEGFWTG�VQ�CYCKV�

RKEMWR���+V�EQPVCKPGF�ECTFDQCTF��

UJTGFFGF�RNCUVKE�DCIU��DCIIGF�QWV�

RNCUVKE�RQWEJGU��JQV�RNCVGU��TWDDGT�

JQUG��GVE���$GVC�ICOOC�CEVKXKV[�YCU�

FGVGEVGF�KP�VJG�RNCUVKE�RQWEJGU�

&TWO�DTGCEJGF��CPF�VJG�NKF�YCU�

DNCUVGF�VJTQWIJ�VJG�CNWOKPWO�TQQH�

QH�VJG�VTWEM����#RRTQZKOCVGN[�JCNH�

QH�VJG�EQPVGPVU�FKURGTUGF��DGKPI�

UECVVGTGF�YKVJKP�VJG�VTWEM���

4CFKCVKQP�UWTXG[U�QH�VJG�VTWEM�CPF�

RTGOKUGU�TGXGCNGF�PQ�

EQPVCOKPCVKQP�

(NCOOCDNG�QTICPKE�UQNXGPV�XCRQTU�

CEEWOWNCVKPI�KP�VJG�XQKF�URCEG�QH�

VJG�UGCNGF�FTWO��KIPKVGF�D[�UVCVKE�

GNGEVTKEKV[�FKUEJCTIG�

&TWO�YQWNF�PQV�SWCNKH[�HQT�UJKROGPV�

VQ�VJG�9+22��CU�KV�YCU�UGCNGF�CPF�

OQUV�NKMGN[�EQPVCKPGF�C�JKIJ�

EQPEGPVTCVKQP�QH�QTICPKE�XCRQTU���

&TWO�JKUVQT[�CPF�EQPVGPVU�YGTG�

WPKSWG�

;GU���,WFIGF�VQ�DG�RCTV�QH�VJG�YCUVG�KP�

KPVGTKO�NQPI�VGTO�UVQTCIG�CV�IGPGTCVQT�UKVGU�

VJCV�YKNN�DG�RTQEGUUGF�HQT�UJKROGPV�VQ�VJG�

9+22�

���������*CPHQTF��

&KUVQTVKQP�QH����ICN�FTWOU�

FWG�VQ�KPVGTPCN�RTGUUWTG�

DWKNFWR

&TWOU�YGTG�UGCNGF�VKIJV�CPF�CYCKVKPI�

DWTKCN���1PG�FTWO�EQPVCKPGF����ITCOU�

QH�2W�CPF����NKVGTU�QH�UQNWVKQP��YJKNG�

VJG�QVJGT�EQPVCKPGF����ITCOU�QH�2W�

CPF����NKVGTU�QH�UQNWVKQP���6JG�

UQNWVKQPU�YGTG�EQPVCKPGF�KP�5RGGF[�

0Q�KIPKVKQP�QEEWTTGF���&TWOU�YGTG�

GPENQUGF�KP�RNCUVKE�DCIU�CPF�XGPVGF�

WPFGT�EQPVTQNNGF�EQPFKVKQPU�

2TGUUWTK\CVKQP�FWG�VQ�C�TGCEVKQP�

DGVYGGP�PKVTKE�CEKF�CPF�QTICPKE�

EQORQWPFU�

&TWO�YQWNF�PQV�SWCNKH[�HQT�UJKROGPV�

VQ�VJG�9+22���&TWOU�EQPVCKPGF�

NKSWKFU�PQY�PQV�RGTOKVVGF�HQT�

UJKROGPV�VQ�9+22����&TWOU�FKF�PQV�

EQPVCKP�XGPVU���

0Q���5RQPVCPGQWU�KIPKVKQP�FKF�PQV�QEEWT���

$WKNFWR�QH�81%U�YKVJKP�C�FTWO�VQ�VJG�

GZVGPV�KPFKECVGF�JGTG�YKNN�DG�GNKOKPCVGF�

DGECWUG�CNN�FTWOU�UJKRRGF�VQ�9+22�OWUV�

JCXG�XGPVU�

���������*CPHQTF��

7TCPKWO�EQPETGVG�DKNNGV�

HKTG�

9QQFGP�RCNNGV�QH�EQPETGVG�DKNNGV�ECPU�


FKF�PQV�KPXQNXG�YCUVG�EQPVCKPGTU�VQ�DG�

WUGF�CV�9+22����2[TQRJQTKE�WTCPKWO�

KP�VJG�EQPETGVG�

4CFKCVKQP�UWTXG[U�VCMGP�KP�IGPGTCN�

CTGC�KPFKECVGF�PQ�EQPVCOKPCVKQP��

DWV�VYQ�HKTG�HKIJVGTU�YGTG�

EQPVCOKPCVGF�QP�VJGKT�HCEG��JCPFU��

CPF�ENQVJGU�

+PCFGSWCVG�RTQEGUU�URGEKHKECVKQPU��

QRGTCVKPI�RTQEGFWTGU��CPF�

VTCKPKPI�

6JKU�KPEKFGPV�FQGU�PQV�KPXQNXG�YCUVG�

KP�C�EQPHKIWTCVKQP�VJCV�YQWNF�DG�

UJKRRGF�VQ�VJG�9+22���+V�YQWNF�JCXG�

VQ�DG�RCEMCIGF�KP�C�UWKVCDNG�EQPVCKPGT�

CHVGT�DGKPI�EGTVKHKGF�VQ�VJG�9+22�

9#%�

;GU���+V�KU�WPMPQYP�KH�VJG�EQPVCKPGTU�EKVGF�

KP�VJG�TGRQTV�EQWNF�JCXG�DGGP�RCEMCIGF�KP�

���ICNNQP�FTWOU�HQT�NQPI�VGTO�KPVGTKO�

UVQTCIG�

����������.#0.��

7TCPKWO�HKTG�KP�C����

ICNNQP�FTWO

9QTMGTU�YGTG�QRGPKPI�VJG�FTWO�

FWTKPI�VJG�RTQEGUU�QH�EQODKPKPI�

FGRNGVGF�R[TQRJQTKE�WTCPKWO�UETCR�HQT�

FKURQUCN��

(KTG�YCU�UOQVJGTGF�D[�RNCEKPI�VJG�

NKF�DCEM�QP�VJG�FTWO���0Q�

TCFKQCEVKXG�EQPVCOKPCVKQP�FWG�VQ�

VJG�HKTG�

6JG����ICNNQP�FTWO�JCF�DGGP�UGPV��

VQ�RTQEGUUKPI�YKVJQWV�C�RTQVGEVKXG�

HNWKF�VQ�KUQNCVG�VJG�WTCPKWO�

VWTPKPIU�HTQO�QZ[IGP�

0QV�CRRNKECDNG���6JG�OCVGTKCN�YCU�PQV�

647�YCUVG���+V�YCU�C�MPQYP�

R[TQRJQTKE�OCVGTKCN�VJCV�YCU�DGKPI�

CEVKXGN[�RTQEGUUGF�

0Q���6JG�HKTG�QEEWTTGF�FWTKPI�CEVKXG�

RTQEGUUKPI�QH�MPQYP�R[TQRJQTKE�OCVGTKCNU���

+V�FQGU�PQV�TGUGODNG�VJG�NQPI�VGTO�UVQTCIG�

EQPHKIWTCVKQPU�VJCV�YKNN�DG�RTQEGUUGF�HQT�

9+22�
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�����������2/��..0.��

(KTG�KP�DCIU�QH�FT[�YCUVG�

VGORQTCT[�RKNGF�KP�C�VQZKE�

YCUVG�JQNFWR�CTGC�GZRQUGF�

FKTGEVN[�VQ�VJG�UWOOGT�UWP�

CYCKVKPI�RCEMCIKPI�KP�

FTWOU�

4GHWUG�DCIU�RKNGF�KP�VJG�VQZKE�YCUVG�

JQNFWR�CTGC���6JG�DCIU�YGTG�PQV�KP�

FTWOU�CPF�YGTG�GZRQUGF�VQ�VJG�

UWOOGT�UWP�HQT�CRRTQZKOCVGN[���JQWTU�

RTKQT�VQ�VJG�HKTG�

#NVJQWIJ�VJG�TGRQTV�FKF�PQV�URGEKH[�

YJGVJGT�VJG�YCUVG�YCU�NQY�NGXGN�QT�

647��PQ�TCFKQCEVKXKV[�YCU�FGVGEVGF�

TWPQHH�YCVGT�WUGF�VQ�HKIJV�VJG�HKTG�

QT�VJG�KOOGFKCVG�XKEKPKV[�

'ORV[�FTWOU�JCF�PQV�DGGP�

FGNKXGTGF�KP�VKOG��CPF�DCIU�YGTG�

RKNGF�VQ�CYCKV�VJGO�CPF�YCU�

GZRQUGF�FKTGEVN[�VQ�VJG�UWP���

9CUVG�YCU�PQV�RCEMCIGF����6JG�NCEM�

QH�FGVGEVKQP�QH�TCFKQCEVKXKV[�CHVGT�VJG�

HCEV�CPF�OQFG�QH�VGORQTCT[�UVQTCIG�

KPFKECVG�VJCV�KV�KU�JKIJN[�WPNKMGN[�VQ�

DG�647�YCUVG�

;GU���$GECWUG�KV�YCU�CYCKVKPI�YCUVG�

FTWOU��VJG�FT[�YCUVG�JCF�VJG�RQVGPVKCN�VQ�

DG�RNCEGF�KPVQ�FTWOU�VJCV�OKIJV�EQPVCKP�

647�YCUVG�

���������+0'.��(WOGU�

EQOKPI�HTQO�C�TCFKQCEVKXG�

YCUVG�EQPVCKPGT��/CVGTKCN�

KP�VJG�EQPVCKPGT�KIPKVGF�

YJGP�VJG�HWOGU�YGTG�

KPXGUVKICVGF�

(WOKPI�PKVTKE�CEKF�CDUQTDGF�KP�C�RCRGT�

VQYGN�CPF�FKUECTFGF�KPVQ�C�EQORCEVKDNG�

TCFKQCEVKXG�YCUVG�EQPVCKPGT�

0Q�OGPVKQP�YJGVJGT�TCFKQCEVKXG�

OCVGTKCNU�YGTG�KP�VJG�EQPVCKPGT���

0Q�EQPVCOKPCVKQP�YCU�TGNGCUGF

5RQPVCPGQWU�KIPKVKQP�QH�C�RCRGT�

VQYGN�VJCV�JCF�DGGP�WUGF�VQ�CDUQTD�

WPFKNWVGF�HWOKPI�PKVTKE�CEKF�

0QV�CRRNKECDNG���6JG�HKTG�YCU�YKVJKP�

C�NCDQTCVQT[�TCVJGT�VJCP�C�FKURQUCN�

CTGC�CPF�KPXQNXGF�OCVGTKCNU�

RTQJKDKVGF�D[�VJG�9#%�

0Q���6JG�HKTG�QEEWTTGF�KP�C�EQPVCKPGT�KP�

QRGTCVKQPCN�CTGC�VJCV�YCU�TGQRGPGF�UQQP�

CHVGT�YCUVG�YCU�FKUECTFGF�KPVQ�KV���0Q�

EQTTGNCVKQP�YKVJ�NQPI�VGTO�UVQTCIG�

EQPFKVKQPU�

���������140.�CV�;�����

(KTG�KPXQNXKPI�VJQTKWO�KP�C�

UETCRRGF�INQXG�DQZ�

#�QPG�ICNNQP�RCKN�QH�VJQTKWO�YCU�NGHV�

KP�C�INQXG�DQZ�VJCV�JCF�DGGP�FKUECTFGF�

KP�C�UCNXCIG�[CTF���&WTKPI�UQTVKPI�

QRGTCVKQPU��C�HQTMNKHV�NKHVGF�VJG�INQXG�

DQZ 6JG INQXG DQZ HGNN HTQO VJG

6JQTKWO�HKTG��� 2QQT�EQPVTQN�QH�R[TQRJQTKE�

OCVGTKCN���6JG�TGCUQP�HQT�VJG�

RTGUGPEG�QH�VJQTKWO�KP�VJG�INQXG�

DQZ�KU�PQV�MPQYP�

0QV�CRRNKECDNG���6JG�VJQTKWO�YCU�PQV�

RCEMCIGF�HQT�NQPI�VGTO�FKURQUCN���

6JG�INQXGDQZ�YCU�UVKNN�KPVCEV���

0Q���6JG�OCVGTKCN�YCU�PQV�KP�EQPVCKPGTU�

FGUKIPCVGF�HQT�NQPI�VGTO�UVQTCIG���6JG�

OCVGTKCN�KPXQNXGF�YCU�PQV�647�YCUVG���

���������4(2��

2TGUUWTK\CVKQP�QH�

EQPVCKPGTU�CPF�TGNGCUG�QH�

RNWVQPKWO�

5GCNGF�EQPVCKPGT�EQPVCKPKPI�HNQQT�

UYGGRKPIU�HTQO�VJG�DWVVQP�DTGCMQWV�

NKPG���5YGGRKPIU�EQPVCKPGF�RNWVQPKWO�

HKPGU��

%QPVCOKPCVKQP�QH�RGTUQPPGN�CPF�VJG�

HCEKNKV[�

'ZQVJGTOKE�TGCEVKQP�YCU�KPKVKCVGF�

DGVYGGP�ECNEKWO�OGVCN�CPF�

OQKUVWTG�RTGUGPV�KP�VJG�EQPVCKPGT�

0QV�CRRNKECDNG���6JKU�KPEKFGPV�FQGU�

PQV�KPXQNXG�YCUVG�KP�C�EQPHKIWTCVKQP�

CRRNKECDNG�VQ�647�YCUVG�VQ�DG�

UJKRRGF�VQ�VJG�9+22����

0Q���+PEKFGPV�QEEWTTGF�YKVJ�OCVGTKCNU�

CYCKVKPI�CUUC[�TCVJGT�VJCP�EQPVCKPGTU�

FGUKIPCVGF�HQT�NQPI�VGTO�UVQTCIG

6QVCN�QH���8CTKQWU�'XGPVU�

4GRQTVGF�KP�&1'�5CHGV[�

0QVKEG�&1'�05�������

+UUWG�0Q��������(GDTWCT[�

�����

#NN�TGEGPV�KPEKFGPVU�KPXQNXGF�

HNCOOCDNG�EJGOKECN�CPF�QTICPKE�

OCVGTKCNU�DGKPI�UVQTGF�KP�EQPFKVKQPU�

PQV�CUUQEKCVGF�YKVJ�647�YCUVG�

UVQTCIG�

8CTKQWU 0QTOCN�JC\CTFU�CUUQEKCVGF�YKVJ�

UVQTKPI�HNCOOCDNG�NKSWKFU�

6JG�RTQEGUUGU�CPF�UVQTCIG�

EQPHKIWTCVKQPU�CTG�PQV�CRRNKECDNG�VQ�

647�YCUVG�VJCV�EQWNF�DG�FGNKXGTGF�VQ�

VJG�9+22�

0Q��6JG�RTQEGUUGU�CPF�UVQTCIG�

EQPHKIWTCVKQPU�CTG�PQV�CRRNKECDNG�VQ�647�

YCUVG�VJCV�EQWNF�DG�FGNKXGTGF�VQ�VJG�9+22�

�%,. ,-�-�++
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%WTTGPVN[�5VQTGF�647�9CUVG�5WOOCTK\GF�D[�(KPCN�9CUVG�(QTO
&KUVTKDWVKQP�QH�4CFKQPWENKFG�%QPEGPVTCVKQPU�QH�5VQTGF�647�9CUVG

�2'�%K�EQPEGPVTCVKQPU�CTG�YCUVG�UVTGCO�CXGTCIGF

5GG�6CDNG�#���HQT�+PFKXKFWCN�9CUVG�5VTGCO�&CVC

1XGTCNN�

#XGTCIG

0QV�VQ�DG�2TQEGUUGF�4GRCEMCIGF�

$GHQTG�9+22�&KURQUCN

6Q�DG�2TQEGUUGF�4GRCEMCIGF�$GHQTG�

9+22�&KURQUCN

(KPCN�9CUVG�(QTO�

%QPUQNKFCVGF�D[�

)GPGTCVQT�5KVG

5VQTGF�

8QNWOG��O
�

'SWKXCNGPV�

0WODGT����

)CN�&TWOU

2GTEGPV�QH�

6QVCN�5VQTGF�

8QNWOG

6QVCN�2'�%K
2GTEGPV�QH�

6QVCN�2'�%+

2'�%K�

�&TWO
2'�%K�����

��2'�

%K����
���2'�%K� 2'�%K�����

��2'�

%K����
���2'�%K�

����� ������ ���� ������ ���� ��� ����� ���� ���� ����� ���� ����

��� ����� ���� ����� ���� ��� ����� ����� ���� ���� ���� ����

��� ����� ���� ����� ���� ��� ����� ���� ���� ����� ���� ����

������ ������� ����� ������� ����� ��� ���� ���� ���� ����� ���� ����

����� ������ ���� ������ ���� ��� ���� ���� ���� ����� ���� ����

�� ��� ���� �� ���� ��� ����� ���� ���� ����� ���� ����

�� ��� ���� ����� ���� ���� ����� ���� ���� ����� ����� �����

5QKNU ��� ����� ���� ����� ���� ��� ���� ���� ���� ����� ����� ����

����� ������ ����� ������� ����� ��� ����� ���� ���� ����� ���� ����

��� ����� ���� ����� ���� ��� ����� ���� ���� ����� ���� ����

������ ������ ����� ������� ���� ��� ���� ���� ���� ����� ���� ����

�� ��� ���� ����� ���� ���� ����� ���� ���� ����� ���� �����

����� ������ ���� ������� ����� ���� ���� ���� ���� ���� ������ ����

������ ������� ������ ��������� ������ ��� ����� ���� ���� ����� ����� ����

��������� ��!"���
���#�$�	��������%�����&�'�����#����	�����(

�)����*��+���
&�,�����#�
�����

%QODWUVKDNG

(KNVGT

)TCRJKVG

*GVGTQIGPGQWU

+PQTICPKE�PQP�OGVCN

.GCF�ECFOKWO�OGVCN

5CNV�YCUVG

8CTKQWU�4(�4GUKFWGU

#..�9#56'�

(14/5

5QNKFKHKGF�+PQTICPKEU

5QNKFKHKGF�1TICPKEU

7PECVGIQTK\GF�OGVCN

7PMPQYP
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*�����-�	���*���

./*�������
0���������
����	����
��������

1&��2���
	3

4�	��#�
�����

%QODWUVKDNG ���'���
$CUGNKPG�4CVG���#�YKFG�XCTKGV[�QH�OCVGTKCNU�ECP�DG�ENCUUKHKGF�EQODWUVKDNG���+V�KU�CUUKIPGF�VJG�DCUGNKPG�GTTQT�TCVG�HQT�

R[TQRJQTKE�OCVGTKCNU

(KNVGT ���'���
#RRTQZKOCVGN[�����HKNVGT�OCVGTKCN���.QCFGF�HKNVGTU�LWFIGF�VQ�JCXG�JCF�VJG�QRRQTVWPKV[�VQ�KIPKVG�GKVJGT�KP�RNCEG�QT�

WRQP�KPKVKCN�GZRQUWTG�VQ�CKT�

)TCRJKVG ���'���

#RRTQZKOCVGN[�����ITCRJKVG�DCUGF�UQNKF�OCVGTKCNU��UWEJ�CU�ETWEKDNGU��ITCRJKVG�EQORQPGPVU��CPF�RWTG�ITCRJKVG���

#NVJQWIJ�RQVGPVKCNN[�EQODWUVKDNG��VJGUG�KVGOU�CTG�LWFIGF�VQ�DG�GCUKN[�UGRCTCVGF�HTQO�RQVGPVKCNN[�R[TQRJQTKE�

OCVGTKCNU�

*GVGTQIGPGQWU ���'���
$CUGNKPG�4CVG��#�YKFG�XCTKGV[�QH�OCVGTKCNU�ECP�DG�ENCUUKHKGF�JGVGTQIGPGQWU����+V�KU�CUUKIPGF�VJG�DCUGNKPG�GTTQT�TCVG�HQT�

R[TQRJQTKE�OCVGTKCNU

+PQTICPKE�PQP�OGVCN ���'���
#RRTQZKOCVGN[�����KPQTICPKE�PQPOGVCNU��UWEJ�CU�INCUU�CPF�EGTCOKEU���6JGUG�KVGOU�CTG�LWFIGF�VQ�DG�GCUKN[�UGRCTCVGF�

HTQO�RQVGPVKCNN[�R[TQRJQTKE�OCVGTKCNU�

.GCF�ECFOKWO�OGVCN ���'���
#RRTQZKOCVGN[�����D[�XQNWOG�OGVCN�VJCV�EQPVCKPU�DWNM�NGCF�QT�ECFOKWO��UWEJ�CU�INQXG�DQZ�RCTVU���6JGUG�KVGOU�CTG�

LWFIGF�VQ�DG�GCUKN[�UGRCTCVGF�HTQO�RQVGPVKCNN[�R[TQRJQTKE�OCVGTKCNU�

5CNV�YCUVG ���'��� $CUGNKPG�TCVG���1PN[�����D[�XQNWOG�TGSWKTGF�VQ�DG�UCNVU�

5QKNU ���'���
#RRTQZKOCVGN[�����D[�XQNWOG�UQKN�OCVGTKCN���6JKU�OCVGTKCN�YQWNF�OQUV�NKMGN[�EQPUQNKFCVG�VQ�VJG�GZVGPV�VJCV�KV�YQWNF�

RTGENWFG�VJG�URQPVCPGQWU�KIPKVKQP�QH�CP[�EQPVCOKPCVG�YKVJKP�KV�

5QNKFKHKGF�+PQTICPKEU ���'��� $CUGNKPG�TCVG���1PN[�����D[�XQNWOG�TGSWKTGF�VQ�DG�KPQTICPKE�RTQEGUU�TGUKFWGU��

5QNKFKHKGF�1TICPKEU ���'��� $CUGNKPG�4CVG���1PN[�����QH�EQPVGPVU�D[�XQNWOG�TGSWKTGF�VQ�DG�UQNKFKHKGF�

7PECVGIQTK\GF�OGVCN ���'���
#RRTQZKOCVGN[�����QT�OQTG��D[�XQNWOG��OGVCN���6JKU�OCVGTKCN�LWFIGF�VQ�DG�GCUKN[�UGRCTCVGF�HTQO�RQVGPVKCNN[�

R[TQRJQTKE�OCVGTKCNU�

7PMPQYP� ���'��� $CUGNKPG�TCVG���/WUV�DG�RTQEGUUGF�CPF�ECVGIQTK\GF�DGHQTG�UJKROGPV���

8CTKQWU�4QEM[�(NCVU�4GUKFWGU� ���'���

6JKU�GUVKOCVG�KU�DCUGF�QP�EWTTGPV�RNCPU�VQ�RCEMCIG�4QEM[�(NCVU�TGUKFWGU�KP�RKRG�EQPVCKPGTU�KP����ICNNQP�FTWOU���

6JGTGHQTG��VJKU�YCUVG�HQTO�KU�C�URGEKCN�ECUG�HQT�YJKEJ�VJGTG�KU�JKIJ�EQPHKFGPEG�VJCV�VJG�IGPGTCVQT�UKVG�YKNN�OCKPVCKP�

CFGSWCVG�EQPVTQN�

��������� �(		�		������#�.�5���2��)	��2���-�	���*���	�6�7���	�8����)�#�����	�	�������2��-�11�9�&����
��	
�������������������	��8��������������*��������#�0���������������������	
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6KOG�#X��8QN��QH�0QV�VQ�DG�

2TQEGUUGF�%QODWUVKDNG�

 ��2'�%K�KP�9*$

5RQPVCPGQWU�+IPKVKQP�4CVG�

HQT�0QV�VQ�DG�2TQEGUUGF�

%QODWUVKDNG

5WHHKEKGPV�

1ZKFCPV!

5WHHKEKGPV�

%QODWUVKDNGU!

/KVKICVKQP�

%QPUKFGTGF!
*'2#�(KNVTCVKQP! 5EGPCTKQ�+& (TGSWGPE[��;GCT

1HHUKVG�4GNGCUG�

%CVGIQT[

6CDNG�&�� 6CDNG�&�� .AQZKFCPV .AEQODWUVAIGP .AHKNVGTA9*$

0.9958
No Drum 
Breach 1.3E-08 NR

No

(2.5E-3 m^3  * 5.3E-06 /m^3-yr) 0.0E+00
No Drum 
Breach 0.0E+00 NR

= 1.3E-08 /yr

0.9999 /d Mit. 1 5.4E-11 ESR

Intact

4.2E-03

Yes Yes

1.0E-04 /d Mit. 2 5.4E-15 WCR

Bypassed

1.0E+00

Yes

No Mitigation 5.4E-11 WCR

No

Summary of Radiological Risk 

Release Consequence (Rem) Frequency (per year)

LEGEND:

Category Maximum 
Exposed Onsite 

Individual

Maximum 
Exposed Offsite 

Individual

Credit for 
Mitigation 
Systems

No Credit for 
Mitigation 
Systems

NR: No Release NR - - 1.3E-08 1.3E-08

ESR:
Extremely Small 

ESR 3.30E-05 3.90E-06 5.4E-11 -

SR: Small Release SR - - - -

WCR: IE Worst Case Release WCR 3.30E+01 3.80E+00 5.4E-15 5.4E-11

Total Frequency 1.3E-08 1.3E-08

*�8����������:�������������	��8�������/����3�����2��-�	���:��)���8�$���)��8;�/!"�����!%���������	2�7��8�#��+���
&����72�
2�
��������	��#�
����	������7�	���
������������
�		�)�7��2�
��
���������	��#�<�=�1!����������%��%�);����������	���>��)���?�#����%������#��+���
&�
��
�������3

5QWTEG�QH�'XGPV�3WCPVKHKECVKQP�

Combustion can not be sustained

Combustion can not be sustained
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8CTKCDNG�0COG &GUETKRVKQP (QTOWNC 4GUWNVKPI�8CNWG %QOOGPVU

%*�A+'�
'ZCORNG�

5RQPVCPGQWU�KIPKVKQP�HTGSWGPE[�QH�FTWOU�EQPVCKPKPI�

VJG��%QODWUVKDNG��HKPCN�YCUVG�HQTO�YKVJ�C�647�

EQPEGPVTCVKQP� ����2'�%K�FTWO��PQV�VQ�DG�RTQEGUUGF�

DGHQTG�EGTVKHKECVKQP�

��8QNA9*$AEQODAPQVAR���

HAKIPAEQODAPQVAR
���'�����[T

+NNWUVTCVGU�VJG�RTQFWEV�QH�VJG�VYQ�EQPVTKDWVQTU�

VQ�VJG�KPKVKCVKPI�GXGPV�HTGSWGPE[�

8QNA9*$AEQODAPQVAR 6QVCN�XQNWOG�YGKIJVGF�/CVGTKCN�CV�4KUM�HQT�

URQPVCPGQWU�KIPKVKQP�QH�VJG��%QODWUVKDNG��HKPCN�YCUVG�

HQTO�YKVJ�C�647�EQPEGPVTCVKQP� ����2'�%K�FTWO��

PQV�VQ�DG�RTQEGUUGF�DGHQTG�EGTVKHKECVKQP�

�8QNA%*A9*$��

8QN�AEQODAPQVAR

����'��� 6JKU�TGRTGUGPVU�VJG�GSWKXCNGPV�XQNWOG�QH�

OCVGTKCN�RTGUGPV�CV�CNN�VKOGU���6JG�UOCNN�

SWCPVKV[�QH�YCUVG�CUUQEKCVGF�YKVJ�VJKU�YCUVG�

HQTO�YKNN�CEVWCNN[��DG�UWUEGRVKDNG�KP�

EQPVCKPGT�UK\G�XQNWOGU�HQT�UJQTV�RGTKQFU�QH�

VKOG�QXGT�VJG�NKHG�QH�VJG�HCEKNKV[�

8QNA%*A9*$ /CZKOWO�5VQTGF�9CUVG�8QNWOG�KP�VJG�9*$�


CUUWOGF�UVQTGF�CNN�VJG�VKOG�

�8QNA%*A9*$�


������XQNAFTWO�

����O@� /CZKOWO�QH���HCEKNKV[�RCNNGVU�CPVKEKRCVGF�VQ�

DG�RTGUGPV�KP�VJG�9*$�CV�CP[�QPG�VKOG���

8QN�AEQODAPQVAR 2GTEGPV�QH�6QVCN�5VQTGF�8QNWOG�QH�647�9CUVG�VJCV�

EQPUKUVU�QH�VJG��%QODWUVKDNG��HKPCN�YCUVG�HQTO�YKVJ�C�

647�EQPEGPVTCVKQP� ����2'�%K�FTWO��PQV�VQ�DG�

RTQEGUUGF�DGHQTG�EGTVKHKECVKQP�

���������������HTQO�6CDNG�

&����$+4�/CVTKZ

������ 2TQFWEV�QH��%QODWUVKDNG��HKPCN�YCUVG�HQTO�

��QH�VQVCN�XQNWOG�YKVJ�VJG���QH�

�%QODWUVKDNG��YCUVG�VJCV�KU�ITGCVGT�VJCP����

2'�%K

HAKIPAEQODAPQVAR 5RQPVCPGQWU�KIPKVKQP�TCVG�HQT�VJG��%QODWUVKDNG��HKPCN�

YCUVG�HQTO�YKVJ�C�647�EQPEGPVTCVKQP� ����2'�

%K�FTWO��PQV�VQ�DG�RTQEGUUGF�DGHQTG�EGTVKHKECVKQP�

��HAKIPAGUV���

9#%AEQODAPQVAR

���'�����O@��[T 2TQFWEV�QH�VJG�XCTKCDNGU�NKUVGF�DGNQY

HAKIPAGUV 5RQPVCPGQWU�KIPKVKQP�TCVG�HQT�PQP�9#%�XGTKHKGF�CPF�

PQP�RTQEGUU�URGEKHKE�YCUVG

��HAKIPAGUV ���'�����O@��[T 4GHGT�VQ�6CDNGU�&���CPF�&���HQT�GXKFGPEG�

WUGF�VQ�GUVKOCVG�VJKU�HTGSWGPE[

9#%AEQODAPQVAR .KMGNKJQQF�VJCV�C�YCUVG�EQPVCKPGT�QH�VJG�

�%QODWUVKDNG��HKPCN�YCUVG�HQTO�YKVJ�C�647�

EQPEGPVTCVKQP� ����2'�%K�FTWO��PQV�VQ�DG�RTQEGUUGF�

DGHQTG�EGTVKHKECVKQP��YKNN�PQV�EQPHQTO�VQ�VJG�9#%

6CDNG�&�����'PVT[�KP�UWDVCDNG��

.KMGNKJQQF�QH�(CKNWTG�VQ�8GTKH[�

9#%

��� 1PN[�YCUVG�FTWOU�VJCV�OC[�PQV�EQPHQTO�VQ�

VJG�9#%�CTG�UWUEGRVKDNG�VQ�URQPVCPGQWU�

KIPKVKQP

������%/'����
�
��
���������0��
�������1,�%�#���������	����
�
���2����3�
��������	���1���
���4�
�
���2�*�������������	���
�
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(TGSWGPE[�QH�5RQPVCPGQWU�+IPKVKQP�RGT�%WDKE�/GVGT�QH�9CUVG�5VQTGF

9CUVG�%CVGIQTKGU .KMGNKJQQF�QH�(CKNWTG�VQ�8GTKH[�9#%
(TGSWGPE[�QH�5RQPVCPGQWU�+IPKVKQP��)KXGP�9#%�PQV�8GTKHKGF�


RGT�O��[GCT�

(TGSWGPE[�QH�5RQPVCPGQWU�+IPKVKQP�HQT�647�9CUVG�5VQTGF�KP�

VJG�9+22�
RGT�O��[GCT�

(KPCN�9CUVG�(QTO�+FGPVKHKECVKQP�%QFG

5VQTGF�PQV�VQ�DG�

2TQEGUUGF 5VQTGF�VQ�DG�

2TQEGUUGF

2TQLGEVGF�VQ�DG�

)GPGTCVGF

5VQTGF�PQV�VQ�DG�

2TQEGUUGF

5VQTGF�VQ�DG�

2TQEGUUGF

2TQLGEVGF�VQ�DG�

)GPGTCVGF

5VQTGF�PQV�VQ�DG�

2TQEGUUGF

5VQTGF�VQ�DG�

2TQEGUUGF

2TQLGEVGF�VQ�DG�

)GPGTCVGF

%QODWUVKDNG ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

(KNVGT ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

)TCRJKVG ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

*GVGTQIGPGQWU ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

+PQTICPKE�PQP�OGVCN ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

.GCF�ECFOKWO�OGVCN ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� � ���'��� ���'��� ���'���

5CNV�YCUVG ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

5QKNU ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

5QNKFKHKGF�+PQTICPKEU ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

5QNKFKHKGF�1TICPKEU ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

7PECVGIQTK\GF�OGVCN ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

7PMPQYP ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'��� ���'���

8CTKQWU�4(�4GUKFWGU 0�# ���'��� 0�# ���'��� ���'��� ���'��� 0�# ���'��� 0�#

.KMGNKJQQF�QH�5WUVCKPGF�%QODWUVKQP�RGT�%WDKE�/GVGT�QH�9CUVG�5VQTGF 4GNGCUG�FWG�VQ�5RQPVCPGQWU�+IPKVKQP

9CUVG�%CVGIQTKGU .KMGNKJQQF�QH�5WHHKEKGPV�1ZKFCPV
.KMGNKJQQF�QH�5WHHKEKGPV�*GCV�QH�%QODWUVKQP�
%QODWUVKDNGU���

)KXGP�5RQPVCPGQWU�+IPKVKQP
(TGSWGPE[�QH�+PVGTPCN�(KTG�%CWUGF�&TWO�$TGCEJ�RGT�O�

�[GCT

QH�9CUVG�5VQTCIG

(KPCN�9CUVG�(QTO�+FGPVKHKECVKQP�%QFG
5VQTGF�PQV�VQ�DG�

2TQEGUUGF

5VQTGF�VQ�DG�

2TQEGUUGF

2TQLGEVGF�VQ�DG�

)GPGTCVGF

5VQTGF�PQV�VQ�DG�

2TQEGUUGF

5VQTGF�VQ�DG�

2TQEGUUGF

2TQLGEVGF�VQ�DG�

)GPGTCVGF

5VQTGF�PQV�VQ�DG�

2TQEGUUGF

5VQTGF�VQ�DG�

2TQEGUUGF

2TQLGEVGF�VQ�DG�

)GPGTCVGF

%QODWUVKDNG ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

(KNVGT ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

)TCRJKVG ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

*GVGTQIGPGQWU ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

+PQTICPKE�PQP�OGVCN ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

.GCF�ECFOKWO�OGVCN ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� � ���'��� ���'��� ���'���

5CNV�YCUVG ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

5QKNU ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

5QNKFKHKGF�+PQTICPKEU ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

5QNKFKHKGF�1TICPKEU ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

7PECVGIQTK\GF�OGVCN ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

7PMPQYP ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� ���'��� ���'��� ���'���

8CTKQWU�4(�4GUKFWGU ���'��� ���'��� ���'��� ���'�� ���'�� ���'�� 0�# ���'��� 0�#

Table D-7,  Frequency of Sustained Combustion Event for Final Waste Forms Planned for 
Disposal at the WIPP 
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(KPCN�9CUVG�(QTO�

+FGPVKHKECVKQP�%QFG

5VQTGF�PQV�

VQ�DG�

2TQEGUUGF

5VQTGF�VQ�

DG�

2TQEGUUGF

8QN����QH�

#NN�5VQTGF�

9CUVG

/CVGTKCN�

CV�4KUM��

O
�

2'�%K���
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Combustible 2.2E-08 2.2E-09 9.9% 4.0 14.6% 0.5% 0.06% 83.0% 1.9% 2.03E-08 5.7E-10 5.4E-11 2.1E-08

Filter 2.2E-09 2.2E-10 0.4% 0.2 60.5% 31.4% 1.2% 6.6% 0.3% 2.1E-10 1.1E-10 4.1E-12 3.1E-10

Graphite 2.2E-09 2.2E-10 0.9% 0.4 22.3% 2.7% 75.0% 2.3E-10 2.2E-11 2.6E-10

Heterogeneous 2.2E-08 2.2E-09 39.3% 16.0 5.7% 0.03% 0.01% 82.8% 5.7% 5.8% 4.9E-08 2.1E-09 2.1E-09 5.4E-08

Inorganic non-metal 2.2E-09 2.2E-10 5.0% 2.0 7.9% 0.3% 0.04% 80.6% 8.8% 2.3% 7.2E-10 5.4E-11 1.2E-11 7.9E-10

Lead/cadmium metal 2.2E-09 2.2E-10 0.04% 0.02 72.7% 27.3% 2.8E-11 2.8E-11

Salt waste 2.2E-08 2.2E-09 0.04% 0.01 16.5% 8.4% 8.1% 23.6% 17.7% 25.6% 6.1E-11 3.3E-11 3.5E-11 1.3E-10

Soils 2.2E-09 2.2E-10 0.7% 0.3 4.9% 70.7% 24.5% 7.5E-11 1.5E-11 9.0E-11

Solidified Inorganics 2.2E-08 2.2E-09 16.5% 6.7 33.7% 0.1% 0.01% 64.1% 1.7% 0.4% 5.9E-08 4.4E-10 7.2E-11 6.0E-08

Solidified Organics 2.2E-08 2.2E-09 1.6% 0.6 24.4% 0.1% 75.5% 4.5E-09 2.0E-11 4.5E-09

Uncategorized metal 2.2E-09 2.2E-10 18.5% 7.5 6.2% 0.2% 0.1% 90.1% 2.7% 0.7% 2.5E-09 7.2E-11 3.0E-11 2.6E-09

Unknown 2.2E-08 2.2E-09 0.1% 0.0 38.3% 2.5% 34.9% 24.3% 4.2E-10 5.0E-11 4.7E-10

Various RF Residues N/A 2.2E-11 7.1% 2.9 100.0% 6.4E-11 6.4E-11

Maximum Waste Volume in Waste Handling Building = 41 (= Vol_CH_WHB) Totals of All Final Waste Forms 1.4E-07 3.5E-09 2.3E-09 1.4E-07

Percent of Overall Frequency 95.9% 2.4% 1.6% 100%

Table D-8,  Frequency of a Sustained Combustion Event Within the Waste Handling Building (per year 
of  waste handling operation)
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Table D-15,  Frequency of  CH7, Sustained Combustion Event Within the Actively Ventilated 
Underground Horizon 
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4.7E-07 /yr

Unexpected Roof Fall in an 
Unisolated Waste Room 

CH11_IE

1.8E-07 /yr 2.9E-07 /yr
3.5 rooms filled/year

Roof Fall Resulting from Observable, 
but Undetected, Failure Mechanisms

Roof Fall Due to Unanticipated / 
Unobservable Failure Mechanisms

A f_room_unk

2.1E-03/rm 5.0E-05 5.0E-01

Resupport Operations 
Faulty Somewhere Within a 

Room

Geotechnical Monitoring 
Fails to Detect Evolving 

Instability

Ground Control Fails to Detect 
Degradation in Time to Evacuate and 

Isolate Room, given geotechnical 
monitoring failed to detect instability.

B H_geotech H_ground
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2.1E-02/rm 1.0E-01

Three or More Adjacent 
Supports Improperly 
Installed in a Room

Torque Test Fails to Detect 
Bolt Installation Error

C H_check

1.0E-03 2.0E-02/rm

Mechanical failure of bolts 
or anchor resin

Human Error During 
Installation of Bolts

f_roof_hardware H_bolt_room
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