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UNITED STATES 

NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 2q555 

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

REGARDING THE FUEL HANDLING ACCIDENT INSIDE CONTAINMENT 

VIRGINIA ELECTRIC AND POWER COMPANY 

SURRY POWER STATION, UNIT NOS. 1 AND 2 

DOCKET NOS. 50-280 AND 50-281 

Introduction 

By letter dated January 17, 1977, the staff requested the Virginia Electric 
and Power Company (the licensee) to evaluate the previously unevaluated 
potential consequences of a postulated Fuel Handling Accident Inside 
Containment (FHAIC) at Surry 1/2. The licensee submitted their evaluation 
of the FHAIC by letter dated March 21, 1977. The staff reviewed this 
submJttal and found that the licensee had taken credit for the operation of 
non-safety grade ductwork between the containment and Auxiliary Ruilding 
ventilation filter system. Further information from the licensee was 
requested by the staff by letters dated April 26, 1977 and January 18, 
1979. The licensee responded by letters dated July 5, 1977; August 5, 
1977; and March 7, 1978. 

In the March 7, 1978 letter, the licensee proposed to seismically qualify 
the containment purge system. By letter dated August 9, 1979, the licensee 
submitted the final design for these modifications. Construction was 
completed between 1979 and 1980, during the Steam Generator Repair Outages 
of both units. By letter dated January 17, 1984, we issued Technical 
Specifications to the Containment Purge System and the Auxiliary Building 
Ventilation filters. 

By letter dated November 23, 1983, the licensee presented a request to 
increase fuel burnup to 45,000 MWd/MTU batch average at discharge. By 
letter dated April 9, 1984, the staff approved this request. This 
evaluation takes into consideration the effects of extended burnup on a 
postulated FHAIC. 

Evaluation 

We have completed our review of the licensee's submittals which address the 
potential consequences of a FHAIC, the modifications to upgrade the 
Containment Purge System to seismic Category 1, and the Auxiliary Building 
Ventilation filters with respect to the positions of Regulatory Guide 1.52, 
Revision 2. We have issued Technical Specifications to the Containment Purge 
System and the Auxiliary Building Ventilation filters. 
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Modifications to upgrade the Containment Purge System to seismic Category 1 
to meet engineering safety criteria were completed during the Surry 1/2 
steam generator repair outages of 1979 and 1980. Surry 1/2 Technical 
Specification 3.10.A.15 requires that the containment purge flow rate be 
filtered through the high efficiency particulate air filter and charcoal 
absorbers whenever irradiated fuel is being handled or any object is being 
carried over irradiated fuel in the containment. This Technical 
Specification together with the above modification for the containment 
purge system will give adequate assurance that any radioactive iodine 
released from the damaged fuel in the event of a FHAIC will be processed 
through charcoal filters before its release to the plant environs. 

In its March 7, 1978 and August 9, 1979, letters, the licensee listed 
deviations of the Auxiliary Building Ventilation filters from the positions 
of Regulatory Guide 1.52 (Revision 2). The only deviations which are 
significant are the following: 1) the dwell time in the charcoal filter is 
1/8 second, not 1/4 second and 2) the prefilters do not meet the 
requirements of Regulatory Guide 1.52 (Revision 2), Position C.3.c. Based 
on our review of the deviations and Technical Specifications, we conclude 
that the overall iodine removal efficiency of this system can be assumed to 
be 85 percent and that acceptable prefilters (i.e., ones that meet 
Regu_latory Guide 1.52, Revision 2, Position C.3.c) should be installed. 

Position C.3.c of Regulatory Guide 1.52, Revision 2, requires the 
prefilters to meet UL Class 1 requirements (i.e., the prefilters should not 
be made of combustible material) and to have a minimum filter efficiency of 
45% atmospheric dust spot efficiency rating. The existinq prefilters do 
not meet thesP requirements. Because these prefilters are needed to 
protect and to extend the life of the HEPA filters in the Auxiliary 
Building ventilation system, we conclude that these prefilters should be 
replaced by prefilters meeting Position C.3.c. 

In the evaluation of a postula3ed FHA~C, the licensee assumed a Oto 2 hour 
accident X/Q value of 2.1 x 10 sec/m at the Exclusion Area Boundary (EAR) 
and an overall iodine filter efficiency of 70 percent. By letter dated 
July 9, 1976, the staff requested the licensee to use this X/Q value in a 
reevaluation of the potential consequences of a postulated loss-of-coolant 
accident. Using these assumptions, we have calculated the potential 
consequences of this accident to be 157 rem to the thyroid and 1.8 rem to 
the whole body at the EAB. 

We have perfonned an independent analysis of the FHAIC. Our assumptions 
and the resulting potential consequences at the EAB are given in Table 1. 
We have used our latest Oto 2 hour accident X/Q value for Surry 1/2. We 
have used an overall iodine removal efficiency of 85 percent, which is 
consistent with the Surry 1/2 Technical Specifications and guidance in 
Re~ulatory Guide 1.52 (Revision 2). In addition, the staff has 
investigated potential changes in the radiological consequences of a FHAIC 
due to the possible involvement of extended burnup (as high as 45,000 
MWd/MTU batch average at discharge) of fuel. Using these assumptions, we 
have calculated the potential consequences of this accident to be 72 rem to 
the thyroid. 
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Based on the above, we have concluded that the potential consequences of 
this accident are appropriately within the exposure guidelines of 10 CFR 
Part 100 and are, therefore, acceptable. Appropriately within the 
guidelines of 10 CFR Part 100 has been defined by a Standard Review Plan 
guideline to be less than 75 rem to the thyroid. This is based on the 
probability of this event relative to other events which are evaluated 
against 10 CFR Part 100 guidelines. Whole body ~oses were also examined, 
but they are not controlling due to decay of the short-lived radioisotopes 
prior to fuel handling. The potential consequences of this postulated 
accident at the Low Population Zone Boundary are less than those given for 
the Exclusion Area Boundary in Table 1. 

A study1 has indicated that dropping a spent fuel assembly into the core 
during refueling operations may potentially cause damage to more fuel pins 
than has been assumed for evaluating the Fuel Handling Accident Inside 
Containment. This study has indicated that up to all of the fuel pins in 
two spent fuel assemblies, the one dropped and the one hit, may be damaged 
because of the embrittlement of fuel cladding material from radiation in 
the core. 

The probability of the postulated fuel handling accident inside containment 
is small. Not only have there been several hundred reactor-years of plant 
operating experience with only a few accidents involving spent fuel being 
dropped into the core, but none of these accidents has resulted in measurable 
releases of activity. The potential damage to spent fuel estimated by the 
study was based on the assumption that a spent fuel assembly falls about 14 
feet directly onto one other assembly in the core; an impact which results 
in the greatest energy available for crushing the fuel pins in both 
assemblies. This type of impact in unlikely because the falling assembly 
would be subjected to drag forces in the water which should cause the 
assembly to skew out of a vertical fall path. 

Based on the above, we have concluded that the likelihood of a spent fuel 
assembly falling into the core and damaging all the fuel pins in two 
assemblies is sufficiently small that refueling iriside containment is not a 
safety concern which requires remedial action. 

We have, however, conservatively calculated the potential radiological 
consequences of a fuel assembly drop onto the reactor core with the rupture 
of all the fuel pins in two fuel assemblies. We have also assumed for this 
postulated accident that the source term for both spent fuel assemblies is 
that given in Regulatory Guide 1.25. This is conservative because (1) 
these two assemblies should not have the power peaking factor and clad gap 
activity recommended in Regulatory Guide 1.25 and (2) the pool 
decontamination factor for inorganic iodine should be greater than that 
recommended in Regulatory Guide 1.25. The calculated potential 
radiological consequences at the Exclusion Area Boundary for the complete 
rupture of fuel pins in two assemblies are twice the values given in Table 1. 
Because these potential consequences are within the guidelines of 10 CFR 

1 J. N. Singh, 11 Fuel Assembly Handling Accident Analysis, 11 EG&G Idaho 
Technical Report RE-A-78-227, October 1978. 
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Part 100 using the conservative assumptions of Regulatory Guide 1.25, we 
have concluded that the potential consequences of this postulated accident 
are acceptable and no additional restrictions on fuel handling operations 
and plant operating procedures are needed. 

The results of this analysis warranted an investigation of a similar 
accident in the spent fuel pool. For this, a drop of 2-1/2 feet was 
postulated and the analysis performed in the same manner as previously 
described. Results indicate that in this scenario damage to the missile or 
target is minimal. No fuel pins in either assembly were calculated to he 
ruptured. 

Conclusion 

The staff has evaluated the licensee's analysis of the postulated FHAIC. 
The staff has also reviewed the licensee's modifications to the Auxiliary 
Building Ventilation system for Surry 1/2, as stated in the letter dated 
August 9, 1979, and has concluded these modifications are acceptable. 
After performing an independent analysis of the radiological consequences 
of a FHAIC to any individual located at the nearest Exclusion Area 
Boundary the staff concludes that the doses for one assembly failure are 
appropriately within the guideline values of 10 CFR Part 100 and for the 
fail~re of two assemblies are also within the guideline values of 10 CFR 
Part 100 and are, therefore, acceptable. 

The conclusions of this evaluation assume the installation of acceptable 
prefilters. These changes are needed to provide adequate assurance that the 
assumptions made in the FHAIC evaluation will be met or exceeded durinq the 
accident and that the potential consequences of the postulated FHAIC will be 
within the exposure guidelines of 10 CFR Part 100. 



._, V • .._ o ""'._. • e 
Table l 

ASSUMPTIONS FOR AND POTENTIAL CONSEQUENCES OF THE POSTULATED 
FUEL HANDLING ACCIDENTS AT THE EXCLUSION AREA BOUNDARY 

FOR SURRY POWER STATIOK UNITS l AND 2 

Assumptions: 

Guidance in Regulatory 
Guide 1.25 

Power Level 

Fuel Exposure Time 

Power Peaking Factor 

Equivalent.Number of Assem-
blies Damaged 

Number of Assemblies in 
Core 

Overall Charcoal Filter 
Efficiency - Elemental 
and Organic 

Decay Time before Moving 
Fuel 

2546 Mwt 

3 years 

1.65 

1 

. 157 

85 % 

100 hours 

0-2 hours X/Q Value, Ex
clusion Area Boundary 
(ground le~el release) 

,..3 3 

Excl.usion Area Boundary (EAB) 
Conse·quences frofil Accidents 

Inside Containment 

Corrected fnr Extended 
Burnup 

l • 6 x 10 sec /m 

Thyroi c 

60 

72 

Doses, Rem 

Whole Bodv 

1.4 

1.4 




