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SUBJECT: SURRY POWER STATION, UNITS 1 AND 2 - INDIVIDUAL PLANT EXAMINATION 
(IPE) 

Based on our ongoing review of your August 30, 1991, IPE submittal and 
supplemental information, we find that we need additional information, as 
delineated in the Enclosure, to continue our evaluation. The requested 
information pertains to the internal event analysis and the containment 
performance improvement program. Please provide your response within 45 days 
of receipt of this letter. 

This requirement affects fewer than 10 respondents and, therefore, is not 
subject to Office of Management and Budget review under P.L. 96-511. 
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(Original Signed By) 

Bart C. Buckley, Sr. Project Manager 
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Division of Reactor Projects - 1/11 
Office of Nuclear Reactor Regulation 

~ / i/92 I I I 



e 

Mr. W. L. Stewart 
Virginia Electric and Power Company 

cc: 
Michael W. Maupin, Esq. 
Hunton and Williams 
Post Office Box 1535 
Richmond, Virginia 23212 

Mr. Michael R. Kansler, Manager 
Surry Power Station 
Post Office Box 315 
Surry, Virginia 23883 

Senior Resident Inspector 
Surry Power Station 
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Mr. Sherlock Holmes, Chairman 
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Mr. E. Wayne Harrell 
Vice President - Nuclear Services 
Virginia Electric and Power Co. 
5000 Dominion Blvd. 
Glen Allen, Virginia 23060 

Mr. J. P. O'Hanlon 
Vice President - Nuclear Operations 
Virginia Electric and Power Company 
5000 Dominion Blvd. 
Glen Allen, Virginia- 23060 

Mr. Martin Bowling 
Manager - Nuclear Licensing 
Virginia Electric and Power Company 
5000 Dominion Blvd. 
Glen Allen, Virginia 23060 



e 
ENCLOSURE 

QUESTIONS ON SURRY INDIVIDUAL PLANT EXAMINATION {IPE) SUBMITTAL 

1. The following questions are related to Chapter 2 of the IPE: 

a) Even though Chapter 2 has described dependent failure 
treatment, it is not clear where dependent failure is treated 
in the IPE. Please provide cross-references to indicate where 
dependent failure is treated in the IPE. 

b) Even though Chapter 2 has a discussion on dual unit 
interactions, it is also not clear where dual unit interactions 
are treated in the IPE. Please provide cross-references to 
indicate where dual unit interactions are treated in the IPE. 

c) Please provide a concise description of the initial walk
through and special walk-throughs (for verification of logic 
trees, investigations of dependencies, or aspects of systems 
interactions) including the purpose, the objectives, the scope 
and the team composition. 

2. Table 3.1.1-8 shows correspondence between the IPE final list of 
initiating events (!Es) and the Electric Power Research Institute (EPRI) 
IE categories. Please briefly discuss what IEs were considered initially 
and what was the basis for the final grouping of Table 3.1.1-2. 

3. Please provide (per NUREG-1335 request) the functional dependency 
matrices showing interdependencies among the front line systems (such as 
high pressure injection {HPI) dependency on low pressure injection {LPI) 
pumps for high pressure recirculation). Please identify systems with 
shared components and describe concisely where the potential for
misalignments are in the IPE. 

4. On initiating event success criteria, please explain briefly how Table 
3.1.1-14 is used as it relates to the write-ups on "Secondary Heat 
Removal" and "Containment Building Conditions." 
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5. The following questions are related to the quantification process: 

a) Please provide a concise discussion of the NUPRA input and 
output, including the models, the rationale for including or 
rejecting some of the sequences. Please include simple 
numerical examples {in section 3.3.6.2 "example of how 
sequences were calculated") demonstrating how a fault tree is 
used to derive top-event unavailabilities under different 
accident conditions {using the House Events method), and how 
common cause failures and recovery factors were incorporated. 

b) It is not clear how the effect of an initiator occurring on 
both units is being handled. In particular, loss of canal 
level is an initiator ~ffecting both units. First, loss of 
canal level is modeled in the IPE as loss of circulating water 
pumps {T6). Were other causes for losing canal level 
considered in the analysis? Second, since the initiator
results in loss of service water {SW), why is the failure 
probability of emergency switchgear room {ESGR) cooling without 
SW {3.E-6) almost equal to the probability of ESGR cooling 
failure with SW available {l.9.E-6)? One would expect a much 
higher failure probability since the initiator results in loss 
of capability to restore ESGR cooling through cross-connection 
between the two units. Why does SW unavailability have a 
minimal effect on ESGR cooling? Third, on the same event tree 
{T6) why is there a very small reactor coolant pump {RCP) seal 
cooling failure probability {9.88E-5 for Sequence SCOl) since 
the initiator itself results in loss of RCP cooling? 

c) Please clarify how function restoring capability through cross 
connections from the other unit was handled. For example, in 
event Lt(pg. 344) a cross-connection between units 1 & 2 was 
assumed allowing use of feedwater (FW) in the unit with loss of 
offsite power (LOOP). However, if a LOOP event occurs, it is 
highly probable that it will occur on both units. How did the 
IPE account for such events? 

6. The following questions are related to ESGR cooling: 

a) Please provide a more thorough discussion of ESGR cooling (pg. 
~ 3-77). For example, the chillers are rated at 50% capacity for 

design conditions; on what basis did the IPE assume that the 
100% capacity chillers are needed? An ~pper limit for ESGR 
temperature has been defined as 120°; the IPE states: "beyond 
these limits several deleterious effects occur on the · 
electrical equipment." Please briefly discuss how the limit of 
120° has been determined. 
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Subsequent to the IPE submittal, the licensee submitted an 
engineering analysis related to the ESGR temperature limit; 
however, the licensee did not provide a concise discussion on 
the analysis. Please provide a concise discussion related to 
the analysis. 

b) The IPE states "the ESGR air handling units {AHUs) have been 
restored to the original updated final safety analysis report 
{UFSAR) design configuration, with each AHU having 100% 
capacity for heat removal for its associated room." Because of 
the importance of this system to safety, its reliability and 
performance should be examined very carefully. Please briefly 
discuss the reliability and performance of ESGR AHUs using 
previous operating data. 

c) Maintaining canal level is critical during a LOOP event. The 
reviewer was not able to identify any time analysis for 
maintaining canal level during LOOP. Also, the chillers depend 
on SW for ultimate heat sink; in case of a LOOP, there is a 
concern of SW ability to function due to low canal level. On 
page A.11-26, the failure probability that I-SW-123 fails 
closed under LOOP event is determined as 1.00, but is combined 
{and gate) with a 0.00 probability of a house LOOP event; why? 

d) Concerning the-calculation of CDF due to failure of ESGR 
cooling during a LOOP with one diesel generator operable {event 
TIB): Under these conditions, the IPE estimates a failure rate 
for loss of ESGR cooling equal to 3.44E-02; this combined with 
a TIB frequency of 3.84E-2/y results in a core damage frequency 
{CDF) of l.3E-3/y per unit, and 2.6E-3/y for both units. 
However, as shown on the event tree {Figure 8.2-4, sequence 
TIBVs), the IPE calculated a 9.85E-7/y per unit CDF. 
Furthermore, for the same initiator {TIB) the CDF associated 
with the loss of canal level {sequence TlBlc) would be IOE-4 vs 
8.27E-7 shown in the submittal. During a telephone conversation 
with the licensee and its contractor, the staff was informed 
that the IPE sequences were calculated by the NUPRA computer 
code through a Boolean reduction process which takes into 
account diesel generator (DG) availability and ESGR cooling 
recovery factors; that is why there is such a large discrepancy 
between a straight forward calculation and the IPE? However, 
page 8.2-50 shows the value 3.45 E-2 for the equation VS03, and 
pg. 8.2-43 shows 2.79 E-3 for the equation ICOI, as the result 
of the Boolean reduction fault tree process. Furthermore, in 
the ESGR loss of cooling event tree (TB), the probability to 
restore ESGR cooling after its loss is 2.78E-2 (sequence TBRc). 
Given that the TBRc sequence is calculated with the assumption 
that normal electric power is available, it is rather difficult 
to explain a recovery factor of IOE-4 for the TIBVs sequence. 
Please clarify the analysis. 
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e) Under loss of DC bus conditions (IA or IB) (Figure B.2-172) a 
l.9E-6 is used as a failure probability for loss of ESGR 
cooling. However, Table 3.1.1-13 shows ESGR as the affected 
system; please explain this apparent discrepancy. 

7. The following questions are related to Chapter 6 "Plant improvements and 
unique safety features": 

a) The IPE states that loss of ESGR cooling constitutes 30% of the 
total CDF from internal events. However, from Figure 3.4.1-2 
"Contribution to Accident Groups for Surry" one can see that 
this function constitutes at least the 40% of the total CDF 
from internal events excluding internal flooding. Yet this 
function was minimally addressed in the plant improvement 
efforts of the IPE. Please address the ESGR cooling concern 
and any planned actions to address them. 

b) Loss of canal level (or loss of SW) impacts both units (and, 
hence, having greater impact on CD since emergency core cooling 
systems (ECCS) on both units become vulnerable) but was not 
addressed as part of the plant improvements and unique safety 
features portion of the IPE. Please provide a brief discussion 
on the process that addressed these issues. 

8. The following question is related to internal flooding for flood analysis 
other than CW (circulating water)/SW flood analysis: . 

Please address how maintenance errors that may contribute to flooding 
events both during maintenance and off-maintenance periods were 
considered in your flood analyses. If such scenarios were screened out 
as low probability, please provide a brief discussion of your reasoning. 

9. Please provide a brief description of how the dependency of a human 
action in an event tree on the success or failure of a previous human 
action{s) was modeled. {p. 2-6) 

10. Please provide a brief discussion of the criteria that were applied to 
determine which method (i.e., technique for human error rate prediction 
(THERP), operator reliability experiments (ORE) methods, NUREG/CR-4550, 
or expert judgment) to apply to each human action modeled in the event 
and fault trees. (p.2-8) 

11. Please briefly discuss if {and how) the human interaction analysis 
addressed errors of commission, either in the development of event trees 
or fault trees. {p. 2-7) 

12. Regarding the modeling of dual unit interactions, were "wrong unit" 
personnel errors considered? If not, what was the rationale for 
excluding the "wrong unit/wrong train" type of operations, maintenance, 
and test errors from the IPE analysis of dual unit interactions. 
(p. 2-10) 



e 
5 

13. Regarding dual unit interactions, please provide the rationale for 
excluding from consideration habitability problems in one unit caused by 
an accident in the other unit. Rationale should address impacts both on 
equipment and personnel performance. (p. 2-10) 

14. Please provide a copy of EPRI NP-6560-L (Spurgen, 1989) that was 
referenced as the basis for the quantification of the parameter P~ (the 
probability of non-response given the operators are on the correct 
"cognitive path"). (p. 3-93) 

15. Please refer to the discussion in Section 3.3.3.3. in Table 3.3.3-1. 
Please indicate which operator actions listed did not have any provision 
for positive checking following test or maintenance. (p. 3-95) 

16. Please provide a brief discussion of how operator actions are included in 
the event and fault trees, with examples. The text refers to "a 
systematic approach based on the work performed at the EPRI [that] was 
used to perform the analysis." Please provide a reference. (p. 2-7) 

17. Please refer to the discussion in Section 3.3.3.4. Four operator actions 
are listed as " ... among the important actions .... " Are these four 
actions the four most important actions, the only important actions, 
etc.? Please briefly describe how importance was derived for personnel 
actions. (p. 3-95) 

18. Please briefly explain how "operator actions necessary to isolate, 
cooldown, and depressurize were changed to reflect the environmental 
conditions" in the modified event tree for the V sequence. (p. 5-6) 

19. Other than the presence or absence of positive checking or verification 
for test and maintenance actions, what attention was given during the 
analyses to other performance shaping factors (PSFs) that could be 
expected to impact human error probabilities (HEPs) for Type A errors? 
(p. D.2-1) 

Please provide a list of the important PSFs considered during the Surry 
IPE and discuss briefly the rationale used for their selection. 

20. Please provide a concise discussion of the rationale behind the 
statement, "The parameter p1 , can essentially be regarded as an 
appropriate value below which an HEP cannot be expected to be 
defendable." (p. D.3-1) 

21. Please provide a reference for, as well as a copy of, Spurgen et al., 
1990, the use of which is described as providing the basis for defining 
the range of a-values (logarithmic standard deviation by normalized 
time). (p. D.3-4) 

22. Please briefly describe how the values from NUREG/CR-0550, Vol. 3, were 
used to estimate T112 • (p. D.3-4) 
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23. Based on the insights from the probabilistic risk assessment (PRA), were 
any additions or modifications made to the plant emergency procedures? 
(p. D.3-8) 

24. Please provide a copy of EPRI NP-650 (Moieni et al., 1989) which is said 
to provide an approach for estimating the P2 parameter. (p. D.3-9) 

25. Please refer to Section D.3.27.1, Results of Simulator Data Collection. 
Please briefly discuss the notable deviations for the anticipated crew 
responses. (p. D.3-12) 

26. Please provide the rationale behind the statement, "For the most part, 
· though, the crews will perform under stress levels very similar to what 
would be the case in the plant." (p. D.3-13) 

27. Please briefly discuss any insights regarding the contribution of human 
error to CDF as investigated during the Surry IPE; please include percent 
contribution to core damage from human error. 

28. Please briefly describe any important human errors identified that were 
unique to one or the other units. 

29. Please briefly describe the process used during the IPE to ensure that 
human errors were appropriately considered during the initiating event 
analysis. 

30. Please briefly discuss how the IPE process treated human recovery actions 
beyond core damage. 

31. Please briefly describe any modifications planned to enhance personnel 
performance as a result of insights gained during the IPE process. 

32. Page 4-19. Various frequencies from the Level 1 analysis begin the Level 
2 analysis. How are these frequencies characterized? Conservative? 
Best estimate? 

33. Page 4-27. The text states, "The number of headings that are required to 
depict the important accident progression possibilities and to define the 
spectrum of possible outcomes is limited. Generally 10 events is 
adequate and no more than 20 should be considered in order to preserve 
the lucidity of the containment event tree (CET)." Please provide a 
brief discussion of the basis for these statements. 

34. Page 4-28. The text states, "Several events ... were combined into single 
event headings because they occur nearly simultaneously and their effects 
were interrelated. For example "Direct Containment Heating", "Early H2 
Burn" and "Mode of Early Containment Failure" were combined since they 
all relate to, or contributed to, over-pressure loading of the 
containment at the time of vessel failure." 
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a) Please give an example of where this appears because there are 
separate questions in the decomposition event tree (DET) supporting 
Question #4 of the CET. 

b) If data used to quantify combined events were taken from NUREG-1150, 
please provide a brief discussion of how the data were combined to 
quantify the CETs at this point. If data were not taken from NUREG-
1150, then please discuss briefly how the combined event was 
quantified in the CET. 

35. Page 4-31. Please provide a reference for the statement regarding the 
low probability of steam explosions at high pressure relative to low 
pressure. 

36. Please provide a brief general description of the transition from the CET 
to the DET. Is there one DET for each branch of the previous event? If 
there is a separate DET for each branch point, then how are tbe DETs 
combined in returning to the CET? 

37. Pages 4-45 and 4-51. The text discusses the modelling of hydrogen 
combustion and the effects on the containment pressure. Discuss how the 
Level 2 analyses addressed the effects of local hydrogen combustion on 
equipment important for maintaining the integrity of the containment. 

38. Page 5-5. Comment #5 raised during an internal review of the IPE states, 
"Modular Accident Analysis Program (MAAP} should not be relied upon 
exclusively for source term analyses. The results should be compared to 
those in NUREG-1150." The response on Page 5-7 states, 11 MAAP was not 
relied upon exclusively for any of the analyses used in the Surry IPE. 
The NUREG-1150 source term calculations were cited for the purpose of 
comparison. Several IPE source terms are compared to source terms from 
NUREG-115.0 on Pages 7-11 and 7-12. Other than by just comparing final 
release predictions, please provide a brief discussion of how timings of 
severe accident progressions differing from MAAP were factored into the 
source term calculations. For example, the predicted time to containment 
failure might be significantly longer with MAAP than with MELCOR and 
source term code package (STCP). 

39. Page 4-50. Please provide a further discussion for determining the 
coolability of various depths of ex-vessel core debris. Please provide 
references as appropriate. 

40. In constructing the CET, please briefly discuss the measures taken to 
ensure accounting of interactions between events listed in the CETs and 
DETs. Examples: 

o Question 1 of the CET and in the DET of Question 2. 
o The DET of Question 1 and the DET of Question 3. 
o Question 5 of the CET and in the DET of Question 7. 
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41. Is there a way to trace individual sequences though the CET from the 
plant damage state, through the DETs, to the endpoints of the CET. 
Please explain how individual sequences can be traced when the DETs 
combine pathways to merge with the CET? 

42. Page 4-167. In the CET, why is the mode of containment failure asked 
before the question about the availability of the containment sprays? 
This structure emphasizes the aerosol removal capability of the sprays. 
The reverse emphasizes the pressure suppression function, which is the 
main use of the sprays. 

43. In applying the NUREG-1150 study to quantifying the CET, please provide a 
brief discussion of the steps taken by the VEPCO staff to understand the 
NUREG-1150 data. 

44. How were the inputs of the MAAP code assigned values in doing source term 
calculations? Given the assignment of the inputs, how would the source 
terms be characterized? Conservative? Best estimate? 

45. How was the time step of the source term calculations determined? 

46. Please provide the definition of or a reference to the IPE document with 
the definition of vulnerability with respect to the back-end analyses. 




