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consequences vs time, but have some ideas about what we will present and what we will address in our 
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2.0 Risk-Informed Decision Making 

Potential changes to regulatory requirements for decommissioning plants are described in 

SECY-00-0145, "Integrated Rulemaking Plan for Nuclear Power Plant Decommissioning." This 

rulemaking plan would amend EP regulations for licensees who have permanently ceased 
operations and have permanently removed the fuel from the reactor vessel. The approach 
described therein would allow a significant reduction in the level of EP when decay heat levels 
and fuel heatup rates are substantially reduced, and additional EP reductions at some later time 
when the fuel will not be susceptible to a zirconium fire. Relaxations in requirements related to 
insurance, safeguards, staffing and training, and backf it would also be made on the bases of 
reduced decay heat levels and susceptibility of the fuel to a zirconium fire.  

As a result of these changes licensees would no longer be required to: have a formalized EPZ; 
coordinate with state and local organizations within those EPZs as to specific responsibilities 
and actions; have an offsite EOF, onsite TSC, and onsite OSC; promptly notify the public using 
such things as the siren system, tone alert radios, or National Weather radios; and conduct 
biennial full participation exercises. However, the decommissioning licensee would still be 
required to promptly notify offsite authorities, characterize the releases, and make protective 
action recommendations; have a means of promptly notifying offsite organizations and 
communicating with the public; and hold onsite biennial exercises and semiannual drills.  

This report provides the technical basis and decision making logic for assessing the merit of the 
above regulatory changes for decommissioning plants. The thrust of the technical assessment 
is on changes in EP requirements, but the same technical information also provides the 
underpinnings for decisions related to changes in insurance, safeguards, staffing and training, 
and backfit requirements.  

The regulatory framework proposed in this report for decommissioning plants is based on the 
risk-informed decision making process described in RG 1.174 [Ref 1]. Although the focus of 
RG 1.174 is decision making regarding changes to the licensing basis of an operating plant, the 
same risk-informed philosophy can be applied generically to evaluate the acceptability of 
potential exemptions or changes to current regulatory requirements for decommissioning 
plants. RG 1.174 articulates the following safety principles which should be applied to the 
decommissioning case: 

0 "The proposed change meets the current regulations unless it is explicitly related to a 

requested exemption or rule change, i.e., a "specific exemption" under 10 CFR 50.12 or 

a "petition for rulemaking" under 10 CFR 2.802.  

* When proposed changes result in an increase in core damage frequency and/or risk, 

the increases should be small and consistent with the intent of the Commission's Safety 

Goal Policy Statement 

* The proposed change is consistent with the defense-in-depth philosophy.  

* The proposed change maintains sufficient safety margins.

0 The impact of the proposed change should be monitored using performance
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measurement strategies." 

The intent and scope of these safety principles are discussed below. Since the application of 

this study specifically relates to exemptions to a rule or a rule change for decommissioning 

plants, a discussion of the first principle regarding current regulations is not necessary nor is it 

provided. A discussion on how the rest of these principles are satisfied, as demonstrated by 

the staff's safety assessment, is provided in Section 4.  

2.1 Impact of Proposed Changes on Risk 

The impact of the proposed change should be small. Guidance on acceptable levels of (total) 

risk to the public from a nuclear power plant is provided in the Commission's Safety Goal Policy 

Statement [Ref 2]. Additional guidance on the acceptable levels of risk increase from a change 

to the plant licensing basis is provided in RG 1.174. The guidance contained in these 
documents and summarized below is used in this report to evaluate the risks associated with 
SFP accidents and the impacts of potential changes to regulatory requirements for 
decommissioning plants.  

Safety Goal Policy Statement 

The "Policy Statement on Safety Goals for the Operation of Nuclear Power Plants," issued in 

1986, establishes goals that broadly define an acceptable level of radiological risk that might be 

imposed on the public as a result of nuclear power plant operation. The Commission 
established two qualitative safety goals that are supported by two quantitative objectives. The 

qualitative safety goals stipulate that: 

* Individual members of the public should be provided a level of protection from the 

consequences of nuclear power plant operation such that individuals bear no significant 

additional risk to life and health 

0 Societal risks to life and health from nuclear power plant operation should be 

comparable to or less than the risks of generating electricity by viable competing 
technologies and should not be a significant addition to other societal risks.  

The following quantitative health objectives (QHOs) are used in determining achievement of the 

safety goals: 

* The risk to an average individual in the vicinity of a nuclear power plant of prompt 

fatalities that might result from reactor accidents should not exceed one-tenth of one 
percent (0.1 percent) of the sum of prompt fatality risks resulting from other accidents to 

which members of the U.S. population are generally exposed.  

0 The risk to the population in the area near a nuclear power plant of cancer fatalities that 

might result from nuclear power plant operation should not exceed one-tenth of one 

percent (0.1 percent) of the sum of cancer fatality risks resulting from all other causes.

These QHOs have been translated into two numerical objectives as follows:
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0 The individual risk of a prompt fatality from all "other accidents to which members of the 

U.S. population are generally exposed," such as fatal automobile accidents, is about 

5E-4 per year. One-tenth of one percent of this figure implies that the individual risk of 
prompt fatality from a reactor accident should be less than 5E-7 per reactor year.  

* "The sum of cancer fatality risks resulting from all other causes" is taken to be the 

cancer fatality rate in the U.S. which is about 1 in 500 or 2E-3 per year. One-tenth of 
one percent of this implies that the risk of cancer to the population in the area near a 
nuclear power plant due to its operation should be limited to 2E-6 per reactor year.  

Although the Policy Statement and related numerical objectives were developed to address the 
risk associated with power operation, is it reasonable to require that these objectives continue 
to be met for as long as nuclear materials remain on the plant site. Accordingly, the staff has 
compared the estimated risks associated with SFP accidents to the QHOs. These comparisons 
are provided in Section 4.2.1.  

Regulatory Guide 1.174 

In 1995, the NRC published its PRA Policy Statement [Ref 3], which stated that the use of PRA 
technology should be increased in all regulatory matters to the extent supported by the 
state-of-the-art of the methods. Subsequent to issuance of the PRA Policy Statement, the 
agency published RG 1.174 which contained general guidance for application of PRA insights 
to the regulation of nuclear reactors. The guidelines in RG 1.174 pertain to the frequency of 
core damage accidents (CDF) and large early releases (LERF). For both CDF and LERF, RG 
1.174 contains guidance on acceptable values for the changes that can be allowed due to 
regulatory decisions as a function of the baseline frequencies. For example, if the baseline 
CDF for a plant is below 1 E-4 per year, plant changes can be approved that increase CDF by 
up to 1 E-5 per year. If the baseline LERF is less than 1 E-5 per year, plant changes can be 
approved which increase LERF by 1 E-6 per year.  

For decommissioning plants, the risk is primarily due to the possibility of a zirconium fire 
associated with the spent fuel cladding. The consequences of such an event do not equate 
directly to either a core damage accident or a large early release as modeled for an operating 
reactor. Zirconium fires in spent fuel pools potentially have more long term consequences than 
an operating reactor core damage accident because: there may be multiple cores involved; the 
relevant clad/fuel degradation mechanisms could lead to increased releases of certain isotopes 
(e.g., short-lived isotopes such as iodine will have decayed, but the release of longer-lived 
isotopes such as ruthenium could be increased due to air-fuel reactions); and there is no 
containment surrounding the SFP to mitigate the consequences. On the other hand, they are 
different from a large early release because the postulated accidents progress more slowly, 
allowing time for protective actions to be taken to significantly reduce early fatalities (and to a 

lesser extent latent fatalities). In effect, a spent fuel pool fire would result in a "large" release, 

but this release would not generally be considered "early" due to the significant time delay 

before fission products are released.  

Even though the event progresses more slowly than an operating reactor large early release 
event and the isotopic make-up is somewhat different, the consequence calculations performed 
by the staff (reported in Appendix 4) show that spent fuel pool fires could have significant health 
effects on par with those for a severe reactor accident. These calculations considered the
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effects of different source terms, evacuation assumptions, and plume-related parameters on 
offsite consequences. Since an SFP fire scenario would involve a direct release to the 
environment with significant consequences, the staff has decided that the RG 1.174 guidance 
concerning LERF is applicable to the issue of SFP risks for decommissioning plants.  

The LERF guidance is applied in two ways in this report. First, because the changes in EP 
requirements do not impact the frequency of events involving a large early release (i.e., the 
SFP fire frequency) but instead affect the consequences of these releases, the allowable 
increase in LERF stipulated in RG 1.174 is translated into an allowable increase in key risk 
measures. The estimated risk increases associated with changes in EP requirements are then 
compared to the allowable increases inferred from RG 1.174 in Section 4.2.1. Second, the RG 
1.174 guidance is used to establish a Pool Performance Guideline (PPG). The PPG provides a 
threshold for controlling the risk from a decommissioning SFP. By maintaining the frequency of 
events leading to uncovery of the spent fuel at a value less than the recommended PPG value 
of 1 E-5 per year, zirconium fires will remain highly unlikely, the risk will continue to meet the 
Commission's QHOs, and changes to the plant licensing basis that result in very small increase 
in LERF may be permitted consistent with the logic in RG 1.174.  

A licensee would need to assure that the frequency of events leading to uncovery of the spent 
fuel would be less than the PPG in order to implement the risk-informed changes in the revised 
rule for decommissioning plants. This assurance could be provided by conforming with the 
seismic check list in Appendix 2b, the industry decommissioning commitments in Section 3.2, 
the staff decommissioning assumptions in Section 3.4, and other important assumptions 
identified in Section 3.2.2. The rationale for the PPG is presented in Appendix X. The role of 
the PPG in the license amendment process is discussed further in Section 4.3.  

2.2 Defense-in-Depth 

Defense-in-depth describes a multi-layered design and operational philosophy whose goal is to 
prevent the initiation of accidents or to prevent their progression to serious consequences.  
The defense-in-depth philosophy applies to the operation of the spent fuel pool, whether at an 
operating plant or in a decommissioning plant. The philosophy also applies to the potential 
regulatory changes contemplated for decommissioning plants. In accordance with the 
Commission White Paper on Risk-Informed Regulation (March 11, 1999), "Defense-in-depth is 
an element of the NRC's Safety Philosophy that employs successive compensatory measures 
to prevent accidents or mitigate damage if a malfunction, accident, or naturally caused event 
occurs at a nuclear facility. The defense-in-depth philosophy ensures that safety will not be 
wholly dependent on any single element of the design, construction, maintenance, or operation 
of a nuclear facility. The net effect of incorporating defense-in-depth into design, construction, 
maintenance and operation is that the facility or system in question tends to be more tolerant of 
failures and external challenges." 

Therefore, application of defense-in-depth could mean in part that there is more than one 
source of cooling water or that pump make-up can be provided by both electric as well as direct 
drive diesel pumps. Additionally, defense-in-depth can mean that even if a serious outcome 
(such as fuel damage) occurs, there is further protection such as containment to prevent 
radionuclide releases to the environment, and emergency response measures to provide dose 
savings to the public. Implementation of defense-in-depth for SFPs is different from that 
applied to nuclear reactors because of the different nature of the hazards. The robust structural
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design of a fuel pool, coupled with the simple nature of the pool support systems, goes far 
toward preventing accidents associated with loss of water inventory or pool heat removal.  
Additionally, because the essentially quiescent (low temperature, low pressure) initial state of 
the spent fuel pool and the long time available for taking corrective action associated with most 
release scenarios provide significant safety margin, a containment structure is not considered 
necessary as an additional barrier to provide an adequate level of protection to the public.  
Likewise, the slow evolution of most SFP accident scenarios allows for reasonable human 
recovery actions to respond to system failures, and provides sufficient time to allow for the 
implementation of protective actions without the full compliment of regulatory requirements 
associated with operating reactors. Section 4 summarizes the specific design and operational 
features of the SFP, industry commitments and the additional staff assumptions that ensure 
that SFP defense-in-depth is maintained. This level of defense is achieved through 
preventative measures, appropriate mitigating systems, and an appropriate level of emergency 
planning.  

2.3 Safety Margins 

A safety margin can relate to the difference between the expected value of some physical 
parameter (e.g., temperature, pressure, stress, reactivity) and the point at which adequate 
performance is no longer assured. An example of this would be a containment pressure 
calculation which may show a peak accident pressure of 40 psig is reached for a structure 
which has a design capability of 60 psig and an actual ultimate capability of 110 psig. In this 
case there is margin from the accident calculation of 20 psig to the design limit as well as a 
large margin of 70 psig to the actual expected failure limit.  

The safety margins associated with fuel in the spent fuel pool for many physical processes and 
parameters are much greater than those associated with an operating reactor. The spent fuel 
pool is in a quiescent state, at or near ambient temperature and pressure. The decay heat 
levels are much lower than those of the fuel in an operating reactor. This allows much greater 
time for heating and boil off of the coolant water, and for heat up of the fuel itself, once 
uncovered. The fuel is covered with approximately 23 feet of water at or near ambient 
temperature. The pool is designed with ample margin to criticality, using both passive 
(geometry) and active (poisons) means of reactivity control. Section 4 describes the provisions 
that ensure the SFP maintains adequate safety margins in a decommissioning plant.  

2.4 Implementation and Monitoring Program 

RG 1.174 states that an implementation and monitoring plan should be developed to ensure 
that the engineering evaluation conducted to examine the impact of the proposed changes 
continues to reflect the actual reliability and availability of structures, systems, and components 
(SSCs) that have been evaluated. This will ensure that the conclusions that have been drawn 
will remain valid. This principle applies to the operation of the spent fuel pool at operating and 
decommissioning plants, as well as the potential regulatory changes contemplated for 
decommissioning plants.  

Implementation and monitoring of important considerations could include such actions as: 
comparing a check list against the spent fuel pool seismic design and construction; control of 
heavy load movements; development and implementation of procedures and other provisions to 
ensure human reliability; monitoring the capability, reliability, and availability of important 
equipment; and checking the effectiveness of on-site emergency response and plans for
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communication with off-site authorities through training and drills. In many areas the 
implementation and monitoring may already be accomplished by utility programs such as those 
developed under the maintenance rule [Ref 4]. Section 4 describes the implementation and 
monitoring provisions in a decommissioning plant.
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3. Consequences and Risks Associated With SFP Accidents 

3.4.1 Consequences of SFP Accidents 

Earlier analyses in NUREG/CR-4982 and NUREG/CR-6451 included a limited evaluation of 

offsite consequences for a severe SFP accident occurring up to 90 days after the last discharge 

of spent fuel into the SFP. These analyses showed that the consequences of a SFP accident 

could be comparable to those for a severe reactor accident. As part of its effort to develop 

generic, risk-informed requirements for decommissioning, the staff performed a further 

evaluation of the offsite radiological consequences of beyond-design-basis spent fuel pool 

accidents. An initial set of calculations were performed to extend the earlier analyses to SFP 

accidents occurring one year after plant shutdown, and to supplement the earlier analyses with 

additional sensitivity studies, including varying evacuation assumptions as well as other 

modeling assumptions. On the basis of these calculations the staff concluded the following: 

* The short-term consequences (i.e., early fatalities) decreased by a factor of two when 

the fission product inventory decreased from that for 30 days to that for one year after 

final shutdown.  

* At one year after final shutdown, the short-tprm consequences decreased by up to a 

factor of 100 as a result of early evacuatior4 The likelihood of early evacuation is 

increased after one year, because of the de reased decay heat level and the number of 

hours required for the fuel with the highest dpcay power to heat up to the point of 
releasing fission products.  

The long-term consequences (i.e., cancer fatalities and societaldose) were unaffected -- vv'/ 

by the additional decay and early evacuation Early evacuation refers to situations in 

jrwhich-evacuation is initiated and-dmcpm•Ieted prior to the SFP release. Situations in which 

e evacuation is not com leted nor to release are referred to as late evacuation.  

The results of these calculations were documented in the Draft Final Technical Study of Spent 

Fuel Pool Accident Risk at Decommissioning Nuclear Power Plants, February 2000, and are 

reproduced as Appendix 4a in the present report.  

Subsequently, the ACRS raised issues with the source term and plume modeling associated 

with spent fuel pool accidents. In particular, the ACRS believed that the ruthenium and fuel 

fines releases and plume spreading were too low. To address these issues, the staff performed 

additional sensitivity studies and concluded: 

0 With the exception of the ruthenium release fraction, the parameters varied did not 

sufficiently impact the results, nor change the conclusion that the consequences were 
generally comparable to those of reactor accidents.  

* Increasing the ruthenium release fraction from that for a non-volatile (2x10s5) to that for a 

volatile (.75) resulted in a large increase in both short-term and long-term consequences 

due to ruthenium's high dose per curie inhaled. However, consequence increases from 

ruthenium were demonstrated to be largely offset by early evacuation, were applicable.

* Although using updated values for plume-spreading model parameters resulted in up to
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a 60% increase in long-term consequences, similar increases are expected when these 
updated values are used to calculate reactor accident consequences. Using updated 
values also resulted in up to a factor-of-15 decrease in short-term consequences.  

The results of these sensitivity studies are described in Appendix 4b. The range of 
consequences for a beyond-design-basis spent fuel pool accident occurring one year after final 
shutdown is shown below for early and late evacuation. For a given evacuation, this range 
reflects the uncertainty in the ruthenium and fuel fines release fractions.  

Consequences Given a SFP Accident One Year Following 
Shutdown (Surry population density) 

End of Range 
Early Fatalities Societal Dose Latent Cancer 

Within 50 Miles Fatalities 
(person-rem) 

Evacuation Completed Prior to Start of Release (Early Evacuation) 
Lower .005 3xl 06  2,000 
Upper .5 6x10 6  7,000 

Evacuation Initiated Following End of Release (Late Evacuation) 
Lower 1 1 I 3x10 6  2,300 
Upper 55 lx10 7  10,000 

To provide additional insight into the reductions in inventory available for release with time, 
several additional consequence calculations were performed using fission product inventories at 
30 and 90 days and two, five, and ten years after final shutdown. The impact of additional 
decay time on offsite consequences is shown in Figures 3.5-1 through 3.5-5 for early fatalities, 
societal dose, latent cancer fatalities, interdicted/contaminated land area, and $.  

Add discussion based on results to be provided by RES 

3.5.2 Risks of SFP Accidents 

The quantitative assessment of risk involves combining the estimated frequencies of severe 
accident sequences with their corresponding offsite consequences. In this section, severe 
accident consequences are assigned to each of the major types of events that lead to uncovery 
of the spent fuel, and combined with the respective event frequencies.  

The SFP accidents in Table 3Jcan be broadly classified as either boil down or rapid drain 
down sequences. Rapid drain down sequences are further divided into seismically- and 
non-seismically-initiated events. In assigning consequences to each of these events, the staff 
considered whether protective measures to evacuate the population around the site would be 
effectively implemented prior to fission product release. This included consideration of the 
effectiveness of offsite notification, the delay between event initiation and fission product 
release (dependent on time after shutdown), the time required to initiate and complete an 
evacuation, and the impact that a relaxation in current EP requirements might have on these 
factors. As a result of this assessment, consequences were assigned based on either the early 
evacuation case or late evacuation case as described below.  
Boil Down Sequences

Boil down sequences and their associated frequencies are listed in Table 3.5-1. These
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sequences involve heatup of the pool to boiling followed by gradual reduction in pool level until 
the spent fuel is eventually uncovered. This process would take several hundred hours at one 
year, and substantially longer at later times as shown in Table 3.3. Once uncovered, fuel 
heatup will continue until either steady-state conditions are achieved or cladding oxidation 
occurs. All boil down sequences were conservatively assumed to result in a SFP fire since the 
air cooling path through the fuel bundles would be obstructed by water during the uncovery 
process, resulting in substantial heatup of the uncovered portion of the fuel prior to establishing 
an air cooling path. (Supplement this statement based on info in J. Staudenmelier section) 
Loss of inventory events are classified as boil down events since the time to uncover the fuel 
will be in excess of 24 hours as described in Section 4.5.4.1 of Appendix 2a.  

Table 3.5-1 Boil Down Events

Initiating Event Frequency (per year) 

Loss of off-site power -- severe weather 1.1 E-7 

Loss of off-site power -- plant centered and grid related events 2.9E-8 

Internal fire 2.3E-8 

Loss of pool cooling 1.4E-8 

Loss of coolant inventory 3.OE-9 

Total 1.8E-7 

Despite the fact that boil down sequences would not result in fission product releases for 
several hundred hours, the failure paths leading to a zirconium fire involve failure to acquire 
off-site resources to provide pool inventory makeup. For sequences involving loss of off-site 
power due to severe weather, the weather is assumed to drain regional resources or limit their 

access to the facility. The staff assumes that if it is difficult for off-site resources to reach the 
facility or regional resources are engaged in other efforts, then it would also be unlikely that the 

population in the area would be effectively notified and evacuated under these conditions. For 
the other sequences the dominant reason that recovery is not provided in the failure paths is 

that there was a general breakdown in the overall facility organization. The failure to acquire 
off-site resources implies there is also a failure to contact regional authorities and declare a 

general emergency when the SFP level drops below the proceduralized limit in these 
sequences. Accordingly, the consequences for boil down sequences are based on results for 
the late evacuation case. This same assumption is applied for cases with and without EP 
relaxations, and for all times after shutdown.  

Rapid Drain Down Events Due to Seismic Events 

Given the robust structural design of SFPs, a seismic event with peak ground acceleration 
several times larger than the SSE would be required to produce catastrophic failure of the 
structure. The estimated return frequency of events of this magnitude differs greatly among 
experts and is driven by uncertainties. The estimated return frequency of seismic events 
sufficiently large to result in structural failure of the SFP is provided in Table 3.5-2 based on the 

use of LLNL and EPRI seismic hazard curves.  

Both the LLNL and EPRI hazard curves are considered reasonable by the NRC. Using the 

LLNL hazard curves, a frequency of 5E-6 per year bounds all but seven sites. Excluding these 
sites, the remaining sites are clustered in the range of 1 E-6 per year to 4.5E-6 per year. If 

EPRI hazard curves are used, a return frequency of 6E-7 per year bounds all but a few sites, 
and the return frequencies for the remaining sites are clustered around 2E-7 per year. In
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characterizing the risk of seismically-induced SFP accidents for the population of sites, the staff 
has displayed results based on both the LLNL and EPRI hazard curves, and has used an 
accident frequency of 2E-6 per year to reflect the use of LLNL hazard curves and a frequency 
of 2E-7 per year to reflect use of the EPRI hazard curves.  

Table 3.5-2 Rapid Drain Down Events Due to Seismic Events 

Source of Hazard Curve Frequency (per year) 
Screening Value Typical Value 

LLNL <4.5E-6 2E-6 
EPRI <6E-7 2E-7 

Insert paragraph from Kennedy regarding likely SFP failure locations in seismic events 

All seismically-initiated sequences were conservatively assumed to result in a SFP fire since the 
air cooling path through the fuel bundles would be obstructed by water following the seismic 
event, resulting in subsequent heatup of the uncovered portion of the fuel prior to establishing 
an air cooling path.  

The SFP risk estimates are strongly dependent on the assumptions regarding the effectiveness 
of emergency evacuation in seismic events, since these events dominate the SFP fire 
frequency. In NUREG-1 150, evacuation in seismic events was treated either of two ways 
depending on the peak ground acceleration (PGA) of the earthquake: 

* for low PGA earthquakes (<0.6g), the population was assumed to evacuate however the 

evacuation was assumed to start later and proceed more slowly than evacuation for 
internally-initiated events. A delay time of 1.5 x the normal delay time and an 
evacuation speed of 0.5 x the normal evacuation speed was assumed for this case.  

* for high PGA earthquakes (>0.6g), it was assumed that there would be no effective 

evacuation and that many structures would be uninhabitable. The population in the 
emergency response zone was modeled as being outdoors for the first 24 hours, and 
then relocating at 24 hours. The assumption that there would be no effective evacuation 
in high g earthquakes is consistent with previous Commission rulings on San Onofre 
and Diablo Canyon in which the Commission found that for those risk-dominant 
earthquakes which cause very severe damage to both the plant and the offsite area, 
emergency response would have marginal benefit because of its impairment by offsite 
damage: 

Since the SFP fire frequency is driven by seismic events with PGA several times larger than the 
SSE, the baseline risk estimate assumes no effective evacuation for the first 24 hours, 
consistent with the NUREG-1 150 model for high PGA earthquakes. The consequences for 
seismic sequences are based on results for the late evacuation case. This same assumption is 
applied for cases with and without EP relaxations, and for all times after shutdown. A sensitivity 
case was also performed to explore the impact on risk if the seismic event only partially 
degrades the emergency response. This is discussed in Section 4.2.1.

RaDid Drain Down Events Due to Non-Seismic Events
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Rapid drain down events from non-seismically initiated events are listed in Table 3.5-3. These 
events are dominated by cask drop accidents, with the next highest contributor nearly two 
orders of magnitude lower.  

Table 3.5-3 Rapid Drain Down Events Due to Non-Seismic Events 

Initiating Event Frequency (per year) 
Cask drop 2.OE-7 
Aircraft impact 2.9E-9 
Tornado missile <1.OE-9 
Total 2.OE-7 

Cask drop accidents that lead to catastrophic failure of the SFP include accidents in which the 
load is dropped either on the pool floor or on the pool wall. Load drops on the pool floor are 
more likely to result in complete drain down of the pool, and creation of an air flow path through 
the fuel assemblies conducive to long term cooling of the fuel. Load drops on the pool wall 
would likely result in residual water in the pool which would obstruct air flow. Because the load 
path and potential pool failure location is plant specific, all cask drop accidents leading to fuel 
uncovery were conservatively assumed to result in a rapid but partial drain down which results 
in an obstructed air cooling path and subsequent heatup of the uncovered portion of the fuel.  

Given the limiting pool failure mode and location, fuel heatup would be close to adiabatic.  
(Supplement this statement based on info in J. Staudenmelier section) Under adiabatic 
conditions the time of fission product release would range from about 15 hours or less for 
accidents initiated within two years of shutdown to about one day or more for accidents initiated 
five years after shutdown or later. The actual time depends on reactor type, fuel burnup, fuel 
rack structure, and other plant-specific parameters, as discussed in Appendix 1. The time to 
fission product release under adiabatic conditions is shown in Figure 3.5-6 for a typical BWR 
and PWR SFP.  

The fuel handlers would be immediately aware of a cask drop accident. It is expected that with 
procedures that detail the SFP water level at which a general emergency is to be declared, the 
proper offsite authorities would be promptly informed. For the case in which current EP 
requirements are retained, it was assumed that cask drop accidents occurring one or more 
years following shutdown would afford sufficient time to implement protective measures before 
fission products are released (5 to 8 hours in Figure 3.5-6). As such, the consequences within 
the first several months following shutdown are based on late evacuation, and the 
consequences at one year and beyond are based on early evacuation.  

Relaxations in EP requirements are expected to result in additional delays in off-site notification 
and implementation of protective measures relative to the case in which current EP 
requirements are retained. If EP requirements are relaxed, as many as 10 to 15 hours may be 
required at some sites to implement an equivalent evacuation (Supplement this statement 
based on info from Barss or FEMA). Based on adiabatic heatup rates for the reference pool, 
the time to fission product release is about 10 hours for PWR pools and 15 hours for BWR 
pools two years following shutdown. These release times increase to 23 and 33 hours for PWR 
and BWR pools five years following shutdown. Thus, implementation of emergency measures 
an ad hoc basis would provide marginally equivalent protection two years following shutdown or 
later, and fully equivalent protection at five years following shutdown. For the case in which 
current EP requirements are relaxed, the consequences within the first two years following
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shutdown are based on late evacuation, and the consequences at five years and beyond are 
based on early evacuation.  

Risk Results 

Figures 3.5-6 through 3.5-8 show the early fatality, societal dose, and latent cancer fatality risk 
measures as a function of time for each major SFP risk contributor. These results may be 
viewed as representing an upper value in that they are based on use of the LLNL seismic 
hazard curves, the upper bound source term, and a fuel burnup of 60 GWd/MTU. Also shown 
are the corresponding risk measures for two operating plants, Surry and Peach Bottom, for 
which risk results for both internal and seismic events are available in NUREG-1 150.  

Statement about decrease in risk with time 

Statement about EP only affecting cask drop and having a relatively insignificant effect 

Statement about how risk level compares with that for the operating plants 

Figures 3.5-9 through 3.5-11 show the impact on the above risk measures if the seismic risk is 
characterized based on the EPRI rather than LLNL hazard curves, and if the fission product 
release fractions are based on a realistic rather than upper bound source term.  

Statement about the risk reduction from different hazard curve 

Statement about the risk reduction from different source term 

Statement about the effect of EP under these conditions 

Figures 3.5-12 and 3.5-13 show the risk measures relevant to the Commissions's Safety Goal 

Policy statement, specifically, the individual risk of early fatality (to an individual within 1 mile of 
the site) and the individual risk of latent cancer fatality (to an individual within 10 miles of the 
site). The upper curves are based on the LLNL seismic hazard curves and the upper bound 
source term, and the lower curves are based on the EPRI hazard curves and the realistic 
source term. These results may be viewed as representing a range of credible risk results, 
given the conservative assumption that all SFP accidents result in a fire.  

Statement about the decrease in risk measures with time 

Statement about the margins to the QHOs for SFP accidents 

Statement about the significance of EP relative to the margins to the OHOs 

Statement about how these margins compare to those for the operating reactors 

Statement about how much lower the risk measures are using the EPRI hazard curve 
and realistic source term



Appendix 4B Pool Performance Guideline

Introduction 

The Pool Performance Guideline (PPG) provides a threshold for controlling the risk from a 
decommissioning plant spent fuel pool (SFP). By maintaining the frequency of events leading 
to uncovery of the spent fuel at a value less than the recommended PPG value of 1 E-5 per 
year, zirconium fires will remain highly unlikely, the risk will continue to meet the Commission's 
Quantitative Health Objectives [1], and changes to the plant licensing basis that result in very 
small increases in LERF may be permitted consistent with the logic in Regulatory Guide 1.174 
[2]. The purpose of this appendix is to present the rationale for the PPG, and to illustrate how 
conformance with the recommended PPG will assure that spent fuel pool risk in 
decommissioning plants will continue to meet the Commission's quantitative health objectives 
(QHOs).  

Regulatory Guide (RG) 1.174, "An Approach for Using Probabilistic Risk Assessment in Risk
Informed Decisions on Plant-Specific Changes to the Licensing Basis," contains general 
guidance for application of PRA insights to the regulation of nuclear reactors. The same 
concepts can also be applied in the regulation of spent fuel pools. The guidelines in RG 1.174 
pertain to the frequency of core damage accidents (CDF) and large early releases (LERF). For 
both CDF and LERF, RG 1.174 contains guidance on acceptable values for the changes that 
can be allowed as a function of the baseline frequencies. For example, if the baseline CDF for 
a plant is below 1 E-4 per year, plant changes can be approved that increase CDF by up to 1 E-5 
per year. If the baseline LERF is less than 1 E-5 per year, plant changes can be approved that 
increase LERF by up to 1 E-6 per year.  

For decommissioning plants, the risk is primarily due to the possibility of a zirconium fire 
associated with the spent fuel cladding. The consequences of such an event do not equate 
directly to either a core damage accident or a large early release as modeled for an operating 
reactor. Zirconium fires in spent fuel pools potentially have more long term consequences than 
an operating reactor core damage accident because: there may be multiple cores involved; the 
relevant clad/fuel degradation mechanisms could lead to increased releases of certain isotopes 
(e.g., short-lived isotopes such as iodine will have decayed, but the release of longer-lived 
isotopes such as ruthenium could be increased due to air-fuel reactions); and there is no 
containment surrounding the SFP to mitigate the consequences. On the other hand, they are 
different from a large early release because the postulated accidents progress more slowly, 
allowing time for protective actions to be taken to significantly reduce early fatalities (and to a 
lesser extent latent fatalities). In effect, a spent fuel pool fire would result in a "large" release, 
but this release would not generally be considered "early" due to the significant time delay 
before fission products are released.  

Even though the event progresses more slowly than an operating reactor large early release 
event and the isotopic make-up is somewhat different, the consequence calculations performed 
by the staff (reported in Appendix 4) show that spent fuel pool fires could have significant health 
effects on par with those for a severe reactor accident. These calculations considered the 
effects of different source terms, evacuation assumptions, and plume-related parameters on 
offsite consequences. Since an SFP fire scenario would involve a direct release to the 
environment with significant consequences, the staff has decided that the RG 1.174 LERF
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baseline guideline of 1 E-5 per year (the value of baseline risk above which the staff will only 
consider very small increases in risk) provides an appropriate threshold for controlling the risk 
from a decommissioning plant SFP, and has established 1 E-5 per year as the recommended 
PPG for this purpose. Maintaining the frequency of events leading to uncovery of the spent fuel 
at a value less than the PPG, will assure that zirconium fires remain highly unlikely and that the 
risk in a decommissioning plant will continue to meet the Commission's QHOs, as discussed 
below. Conformance with the PPG is also essential if the staff is to permit changes to the 
licensing basis that result in small increases in risk, such as relaxations in Emergency 
Preparedness requirements.  

Our conclusion in the draft final report was that, even though there are some differences in 
source term and timing, scenarios involving a spent fuel pool zirconium fire would result in 
population doses that are generally comparable to those expected from accident scenarios 
involving a large early release at operating reactors, and therefore a PPG of 1 E-5 per year was 
appropriate. The staff has reassessed these conclusions following the performance of 
additional consequence calculations in Appendix 4A that took into account the possibility of 
significant ruthenium release fractions. This assessment was undertaken to address concerns 
raised during review of the draft final report that large ruthenium releases from a spent fuel fire 
could substantially increase both early and latent fatalities, as well as shift the controlling 
decision criteria from early fatalities to latent health effects due to the combined effect of longer 
times for evacuation and longer ruthenium half life.  

In reassessing the appropriateness of the 1 E-5 per year PPG as discussed below, the staff 
contrasts the range of SFP accident consequences (early and latent health effects) reported in 
Appendices 4 and 4A with the consequences of the most risk-significant accidents evaluated in 
the NUREG-1 150 study for Surry. The staff also compares the SFP risk for a licensee 
maintaining its facility at the PPG with the level of risk associated with reactor operation at the 
Surry site, and with the Commission's QHOs.  

Comparison of Health Consequences 

For at-power reactor accidents, the sequences that dominate early fatalities also tend to 
dominate latent cancer fatalities and population dose. These sequences generally involve early 
containment failure or containment bypass. Based on a survey of consequence results for the 
NUREG-1 150 plants, early containment failure and containment bypass accident progression 
bins account for 80 to 100 percent of early fatalities and 60 to 80 percent of the latent cancer 
fatalities and population dose.  

Using NUREG-1 150 results for Surry (documented in NUREG/CR-4551 [3]) as a basis for 
comparison, early fatalities are dominated by interfacing system LOCA ("V") sequences. Steam 
generator tube rupture (SGTR) sequences with a stuck open secondary safety relief valve also 
lead to large releases but these releases occur after evacuation is complete and cause 
relatively few early fatalities. Consequence measures that depend on the total amount of 
radioactivity released (latent cancer fatalities and population dose) are dominated by V and 
SGTR sequences with a stuck open secondary safety relief valve.  

Mean source terms for the frequency-dominant accident progression bins for each plant 
damage state are reported in Section 3.3 of NUREG/CR-4551. The source terms for the most
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probable wet and dry V sequence and SGTR sequence with a stuck open secondary safety 
relief valve are also identified. The "wet" V sequence represents sequences in which the break 
location is low enough in the auxiliary building that water escaping through the break would 
form a pool that would cover the break and scrub a significant portion of the release. The "dry" 

V sequence represents sequences in which this pool will not occur. These source terms were 
compared to the source terms resulting from the binning/partitioning process (Table 3.4-4 of 
NUREG/CR-4551) to identify the closest match. (This was done since consequence results are 
only reported in NUREG/CR-4551 for the source terms produced through the partitioning 
process.) The source terms for the most probable wet and dry V sequence and SGTR 
sequence with a stuck open secondary safety relief valve correspond closely with source terms 
SUR-03-3, SUR-05-3, and SUR-14-1, respectively, in NUREG/CR-4551. The mean 
consequence results for these source terms are provided in Table 1. Also provided in Table 1 
are the reported consequences for the source terms that produced the greatest early fatalities 
and latent health effects in the internal events analysis (identified as source terms SUR-10-3 
and SUR-10-1, respectively), and the source term that produced the greatest health effects in 

the seismic analysis (SRH-10-3). The NUREG-1150 study assumed that 99.5% of the 
population would be evacuated. However, for large earthquakes (greater than 0.5g) it was 
assumed that there would be no effective evacuation until 24 hours, at which time the 
population in the emergency response zone would be relocated.  

It should be noted that the latent cancer fatality results reported in NUREG-1 150 and 
NUREG/CR-4551 are based on an earlier cancer risk model than used in the SFP 
consequence calculations. The model used in the SFP calculations, described in NUREG/CR
6059 [4], results in about a factor of three increase in latent cancer fatalities relative to the 
earlier model. The other risk measures (early fatalities, and population dose) are also slightly 
higher. More recent calculations based on the later version of the MACCS code are reported in 

NUREG/CR-6349 for most of the NUREG-1 150 reference plant source terms (for internal 
events). The results from these later calculations are cited where available. Otherwise, the 
latent cancer fatality results from NUREG-1 150 were increased by a factor of three to provide a 
more meaningful comparison.  

Briefly stated, the conditional number of early fatalities considered in NUREG-1 150 study for 
the Surry plant varied from essentially zero to approximately 250, the population dose within 50 
miles ranged from 1 E6 to 1.1 E7 person-rem, and the number of latent cancer fatalities ranged 
from about 2400 to 22000. Radiological consequences of seismic events are substantially 
greater than for internal events due largely to the ineffectiveness of emergency response in 
high acceleration earthquakes.  

Appendices 4 and 4A of this report provide the results of offsite consequence calculations for a 

SFP fire occurring one year following reactor shutdown at a hypothetical 3441 MWth BWR 
spent fuel pool located at the Surry site. The calculations address the sensitivity of early and 
latent health effects to source terms, time of evacuation, percent of population participating in 

the evacuation, population distribution, number of cores participating in the SFP fire, and 
plume-related parameters.  

Given the long delays to the onset of fission product release in SFP accidents, combined with 

the Industry Decommissioning Commitments (IDCs) and Staff Decommissioning Assumptions 
(SDAs) related to SFP instrumentation and offsite communication, the staff considers the
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consequence cases with early evacuation to be most representative for internally-initiated SFP 
accidents. Although 99.5% of the population was assumed to evacuate in NUREG-1 150, this 
value may be somewhat optimistic, especially if existing EP requirements are relaxed, such as 
the requirement for notification systems. Accordingly, cases assuming reduced participation 
(i.e., 95% of the population) are considered more representative of an evacuation carried out on 
an ad hoc basis without the benefit of current radiological preplanning. For the large seismic 
events that dominate the frequency of SFP fires, it is expected that there would be extensive 
damage to the infrastructure needed for effective emergency response. As a result, evacuation 
would be ineffective regardless of radiological emergency planning, and the case with late 
evacuation would be more representative for these events.  

The baseline calculation reported in Appendix 4 assumes the release fractions from 
NUREG/CR-4982 (including a ruthenium release fraction of 2E-5), the release of no additional 
"fuel fines", and the participation of essentially 3.5 cores. The baseline calculation assumed 
late evacuation (i.e., an evacuation start time of 1.4 hours after the beginning of the release), 
however, additional cases assuming earlier evacuation are also provided (i.e., an evacuation 
start time of 3 hours before the beginning of the release). The consequences for the baseline 
calculation with early and late evacuation of 99.5% of the population are provided in Table 1.  
The consequences for the baseline source term are well within the range of consequences 
predicted for large releases in an operating reactor accident for either evacuation time.  

The consequence calculations presented in Appendix 4A show that when the ruthenium release 
fraction is increased from the original value of 2E-5 to a level equivalent to that for volatile 
fission products (cesium and iodine), the early and latent health effects increase considerably.  
Sensitivity cases with a 0.75 release of cesium, iodine and ruthenium and a 0.01 release of fuel 
fines were used for comparison. A release fraction of 0.75 is considered realistic for volatile 
isotopes and reflects the expectation that the combined effect of rubbling of the fuel, incomplete 
fission product release from parts of the assemblies, and fission product deposition would limit 
the release fraction of volatile fission products to less than 1.0. Rubbling of the fuel may limit 
the ruthenium to much less than 1.0. Thus, the 0.75 release of ruthenium is judged to be 
conservative.  

The consequences for the large ruthenium release case with early and late evacuation of 95% 
of the population are provided in Table 1. These are identified as cases 46b and 45b 
respectively in Appendix 4A. The number of early fatalities increases by approximately two 
orders of magnitude, population dose increases by a factor of 2, and latent cancer fatalities 
increase by about a factor of 4 relative to the corresponding baseline calculations. For the case 
with early evacuation, early fatalities and population dose within 50 miles remain within the 
range considered in NUREG-1 150, but latent cancer fatalities exceed the maximum values 
considered in NUREG-1 150 by about 30%. For the case with late evacuation, the early 
fatalities and population dose within 50 miles are comparable to those for the worst seismic 
event considered in NUREG-1 150. Long term risk measures are about a factor of 2 higher than 
the maximum values considered in NUREG-1 150.  

Consequences for the worst case SFP accident reported in Appendix 4A are also included in 
Table 1. This case, identified as case 45a, corresponds to a 1.0 release of the volatiles and 
ruthenium, a 0.01 release of fuel fines, and late evacuation of 95% of the population. Even with 
these high release fractions the early fatalities and population dose are comparable to the
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maximum values considered in NUREG-1 150, and long term risk measures are about a factor 
of 2 higher than the maximum values considered in NUREG-1 150.  

Although the latent cancer fatality values mentioned above may appear large, they must be 
considered in perspective. The calculated latent fatalities from a nuclear accident occur 
throughout the entire region around the plant (1000 miles) and over several decades. The 
population within 1000 miles of the plant is about 160 million. Given the cancer fatality rate in 
the U.S. of about 1 in 500 per year, there would be about 300,000 deaths per year and 6 million 
deaths over a 2 decade period within the region from all other cancers. When spread over two 
or three decades, even tens of thousands of additional latent cancer fatalities are statistically 
indistinguishable from the background morbidity due to cancer fatalities from other causes.  

It should also be acknowledged that these long term health impacts are sensitive to public 
policy decisions such as land interdiction criteria for returning populations. The long term 
protective assumption used in both the NUREG-1 150 and SFP studies was to interdict land 
which could give a projected dose to an individual via the groundshine and resuspension 
inhalation pathways of more than 4 rem in 5 years (2 rem in the first year and 0.5 rem per year 
for the next 4 years, for an average of 800 mrem per year). Comparisons of consequence 
results at various distances for each of the NUREG-1 150 reference plants are provided in 
NUREG/CR-6349, and clearly show that the increase in population dose with distance is due to 
a large number of people receiving very small doses, below the assumed long-term interdiction 
limit of 4 rem in 5 years, since the offsite consequences due to land condemnation, etc., remain 
essentially the same over the range of distances. The effect of varying long-term interdiction 
dose limits on latent fatalities, populations doses, and offsite costs was estimated in 
NUREG/CR-6349 by recalculating the consequences for each of the NUREG-1 150 plants for 
various lower limits. The results show that as the interdiction limit is reduced, the latent cancers 
and population dose decrease and the offsite costs progressively increase. For a reduction in 
the interdiction limit from 800 mrem per year to 300 mrem per year the risk measures 
decreased by typically 20 to 30 percent, and offsite costs increased by about a factor of two.  
Thus, changes in risk results on this order can be expected as a result of public policy 
decisions.  

Finally, in comparing the SFP consequences with those for a reactor accident at Surry it should 
be kept in mind that the NUREG-1 150 results for Surry are for a power level of 2441 MWth, and 
that the SFP consequences will be overstated slightly due to the different power levels. Results 
for one case with a SFP decay heat level corresponding to a reactor power of 2440 MWth 
(values in brackets in Table 2) indicate that the latent health consequences would be about 30 
percent lower than those based on 3441 MWth.  

Comparison of Risk 

The previous discussion provides a comparison of reactor and SFP accident consequences but 
does not address the relative frequency of these events. The quantitative assessment of risk 
involves combining severe accident sequence frequency data with corresponding offsite 
consequence effects. To provide insights into the relative levels of risk for reactor accidents 
versus SFP accidents, the staff compared the level of risk associated with reactor operation at 
Surry with the level of risk associated with a SFP fire in the hypothetical BWR spent fuel pool 
located at the Surry site. The contribution to reactor risk from both internal and seismic events
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were considered since these contributors were important in the SFP study. The 
aforementioned caveats regarding the differences in power level apply here as well.  

The mean risk associated with power operation of the Surry plant, as estimated in the NUREG
1150 study, is reported in Table 2. These risk results reflect a frequency-weighted sum of the 
consequences of all releases -- severe as well as benign. Also included in Table 2 are 
estimates of the risk of a SFP fire. The SFP estimates were developed by assuming that the 
licensee maintains its facility consistent with the assumptions in the SFP study (i.e., the 
frequency of events leading to uncovery of the spent fuel is 3.4E-6 per year), and that the SFP 
fire results in one of the previously discussed release cases. Three different releases cases 
were considered, corresponding to: (1) the baseline releases with early evacuation, (2) a 0.75 
release of cesium, iodine and ruthenium, 0.01 release of fuel fines, and early evacuation, and 
(3) a 1.0 release of cesium, iodine and ruthenium, 0.01 release of fuel fines, and late 
evacuation.  

For the baseline release from a SFP accident, the early fatality risk results are about two orders 
of magnitude lower than for an internally-initiated reactor accident, due primarily to lower 
inventories of cesium and iodine in the SFP source term. Population dose is a factor of 2 
higher for the SFP accident but latent cancer fatalities are comparable.  

For the case with 0.75 release of cesium, iodine and ruthenium, 0.01 release of fuel fines, and 
early evacuation, the early fatality risk results are comparable to those for an internally-initiated 
reactor accident. Population dose and latent cancer fatalities for the SFP accident are about a 
factor of 4 higher than for internally-initiated events, due primarily to the larger quantities of 
long-lived radionuclides released, but are comparable to the results for seismic events which 
assume no evacuation.  

For the case with 1.0 release of cesium, iodine and ruthenium, 0.01 release of fuel fines, and 
late evacuation, early fatalities, population doses, and latent fatalities are generally comparable 
to those for the worst seismically-initiated reactor accident. Although the source term for the 
SFP accident is larger than the reactor accident, this effect is partly offset by the late 
evacuation in the SFP case.  

Even though the risk associated with a fire in the hypothetical SFP at Surry could be an order of 
magnitude greater than the risk of power operation at Surry, the individual health effect risks for 

a SFP accident would not exceed the Commission's QHOs. Comparisons of individual health 
effect risks with the QHOs are presented below.  

Comparison with Quantitative Health Obiectives 

The Safety Goal Policy Statement expressed the Commission's policy regarding the acceptable 
level of radiological risk from nuclear power plant operation as follows: 

0 Individual members of the public should be provided a level of protection from the 
consequences of nuclear power plant operation such that individuals bear no significant 
additional risk to life and health
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* Societal risks to life and health from nuclear power plant operation should be 
comparable to or less than the risks of generating electricity by viable competing 
technologies and should not be a significant addition to other societal risks.  

The following quantitative health objectives (QHOs) are used in determining achievement of the 
safety goals: 

* The risk to an average individual in the vicinity of a nuclear power plant of prompt 
fatalities that might result from reactor accidents should not exceed one-tenth of one 
percent (0.1 percent) of the sum of prompt fatality risks resulting from other accidents to 
which members of the U.S. population are generally exposed.  

* The risk to the population in the area near a nuclear power plant of cancer fatalities that 
might result from nuclear power plant operation should not exceed one-tenth of one 
percent (0.1 percent) of the sum of cancer fatality risks resulting from all other causes.  

These QHOs have been translated into two numerical objectives as follows: 

The individual risk of a prompt fatality from all "other accidents to which members of the 
U.S. population are generally exposed," such as fatal automobile accidents, is about 
5E-4 per year. One-tenth of one percent of this figure implies that the individual risk of 
prompt fatality from a reactor accident should be less than 5E-7 per reactor year.  

""The sum of cancer fatality risks resulting from all other causes" is taken to be the 
cancer fatality rate in the U.S. which is about 1 in 500 or 2E-3 per year. One-tenth of 
one percent of this implies that the risk of cancer to the population in the area near a 
nuclear power plant due to its operation should be limited to 2E-6 per reactor year.  

Although the Policy Statement and related numerical objectives were developed to address the 
risk associated with power operation, is it reasonable to require that these objectives continue 
to be met for as long as nuclear materials remain on the plant site. Accordingly, the staff has 
compared the risks to an individual with the QHOs, assuming the licensee maintains the facility 
at the recommended PPG of 1 E-5 per year.  

The risk measures corresponding to the above numerical objectives were calculated by 
MACCS2 for each of the cases reported in Appendix 4 and 4A. The relevant risk measures are 
the early fatality risk to an average individual within 1 mile of the plant, and the latent cancer 
fatality risk to an average individual within 10 miles of the plant. These measures would not be 
significantly impacted by population density since they are determined on the basis of the risk to 
the average individual. The risk results are reported in Table 3 for the previously mentioned 
cases involving a 0.75 release of cesium, iodine and ruthenium and a 0.01 release of fuel fines 
(with early and late evacuation), and a 1.0 release of cesium, iodine and ruthenium and a 0.01 
release of fuel fines with late evacuation (i.e., the worst case reported in Appendix 4A). For 
comparison with the numerical objectives, the staff assumed that the licensee maintains the 
facility at the recommended PPG of 1 E-5 per year.  

The risk results indicate that at a PPG of 1 E-5 per year, the QHOs would continue to be met for 
even the worst case considered in Appendix 4A. The margins to both QHOs are substantial
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(about two orders of magnitude) for the case with early evacuation even with the large 
ruthenium release. The margins are considerably reduced in the late evacuation cases, but 
sufficient to conclude that the QHOs would be met given the bounding nature of these 
calculations.  

The margin to the QHO is smallest (i.e., the percent of QHO is the largest) for early fatality risk.  
Thus, similar to severe accidents in operating reactors, acceptable levels of risk for a SFP 
accident would be controlled by the early fatality risk measure. The margins to the QHO 
observed in these calculations suggest that the recommended PPG of 1 E-5 per year provides 
an appropriate level of safety.  

Conclusions 

The frequency of events leading to uncovery of the spent fuel must be less than 1 E-5 per year 
in order to consider risk-informed changes that could result in the equivalent of a 1 E-6 per year 
increase in LERF. Based upon the above comparisons, the staff believes that the LERF-based 
pool performance criteria of 1 E-5 per year is reasonable and appropriate. This is supported by 
the comparisons that show that the conditional health effects for SFP fires are generally in the 
range of health effects considered for severe accidents in operating reactors, and that the 
Commission's QHOs continue to be met for SFP fires even if the ruthenium release fraction is 
substantially increased. Given these observations, there does not appear to be sufficient 
justification to revise the proposed pool performance guideline of 1 E-5 per year which was 
developed from the RG 1.174 LERF considerations.  

In the above comparisons the SFP accident is assumed to occur one year following shutdown.  
The consequences of the accident would be markedly lower if it were to occur at a later time 
due to fission product decay. Specifically, after about 5 years the contribution from ruthenium 
would be virtually eliminated, and consequences would be dominated by cesium. Accordingly, 
the results reported for the baseline source term would be most representative for events 
occurring 5 years or beyond.  

Although the above comparisons focus on the Surry site, the results are expected to be 
generally applicable to other sites as well. At higher population sites the SFP accident 
consequences would be higher, but the risk associated with reactor accidents would be 
proportionally higher as well. Thus, the results of the relative comparisons should remain valid.  
Similarly, the QHOs represent risk to the average individual within 1 mile and 10 miles of the 
plant, and should be relatively insensitive to the site-specific population.  
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Table 1 - Comparison of Health Consequences for Reactor and Spent Fuel Pool Accidents 1

I - Except wnere notea in DracKets, consequence results Tor spent Tuei pool acciaents are Dasea on a reactor power of 3441 MWtn. values in brackets are 
for a 2440 MWth reactor, equivalent to Surry.

2 - NUREG- 1150 study assumed that 99.5% of the population would be evacuated. However, for large seismic events it was assumed that there would be 
no effective evacuation until 24 hours, at which time the population in the emergency response zone would be relocated.  

3 - Based on results reported in NUREG/CR-6349.  

4 - Based on results reported in NUREG/CR-4551. Values shown for latent cancer fatalities include a factor of three adjustment to account for differences 
in the cancer risk model used for NUREG-1 150 and SFP accident calculations
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Consequences for Operating Reactor Accident 2  Consequences for SFP Accident One Year After Shutdown 
(Surry, NUREG-1 150) 

Consequence Internal Events Seismic Baseline Source Term Release of 0.75 Ru and Worst 
Measure Events 0.01 Fuel Fines Case 

SGTR3  "V, - Wet3  "V" - Dry3  Worst EF3  Worst LCF 4  Worst EF 4  Early Evac Late Evac Early Evac Late Evac of Late Evac 
(SUR-14-1) (SUR-03-3) (SUR-05-3) (SUR-10-3) (SUR-10-1) and LCF of 99.5% of 99.5% of 95% 95% of 95% 

(SRH-10-3) (Case 13) (Base) (Case 46b) (Case 45b) (Case 45a) 

Early fatalities (EF) 0.017 0.23 2.7 15 0.84 249 0.005 1.0 0.54 55 103 
[0.17] 

Population dose within 2.1 E6 1.3E6 2.9E6 3.6E6 4.8E6 1.1E7 2.8E6 3.2E6 6.3E6 1.0E7 1.1E7 
50 miles (person-rem) [5.1 E6] 

Latent cancer 7850 2460 7930 11300 14300 21700 1990 2320 6880 10300 11700 
flatalities (LCF) [4420]
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Table 2 - Comparison of Risk Results for Reactor and Spent Fuel Pool Accidents 1

Except wnere notea in Drackets, consequence results for spent fuel pool accidents are based on a reactor power of 3441 MWth. Values in brackets are 
for a 2440 MWth reactor, equivalent to Surry.

2 - Values shown for operating reactor accident include a factor of three adjustment to account for differences in the cancer risk model used for NUREG
1150 and SFP accident calculations 

3 - Based on Lawrence Livermore National Laboratory (LLNL) seismic hazard distributions
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Risk for Operating Reactor Accident Risk for SFP Accident One Year After Shutdown 
(Surry, NUREG-1 150) (conditional on SFP source term and 5E-6 per year fire frequency) 

Risk Measure 
Internal Seismic Internal Baseline Release, Early Release of 0.75 Ru and Release of 1.0 Ru and 
Events Events 3 and Evac of 99.5% (Case 13) 0.01 Fuel Fines, Early 0.01 Fuel Fines, Late 

Seismic Evac of 95% (Case 46b) Evac of 95% (Case 45a) 

Early fatalities (per year) 2.OE-6 9.3E-5 9.5E-5 2.4E-8 2.7E-6 5.2E-4 
[8.5E-7] 

Population dose within 50 5.8 45 51 14 31 57 
miles (person-rem per year) [25] 

Latent cancer fatalities (per 0.016 0.12 0.13 0.010 0.034 0.059 
year) 2 [0.022]

I

I I



Table 3 - Comparison of Spent Fuel Pool Accident Risk One Year After Shutdown with Quantitative Health Objectives 

QHO for Individual Risk of Prompt Fatalities OHO for Societal Risk of Latent Cancer Fatalities 

Case Ind. Early PPG Prob of Early QHO % of Ind. Latent C. PPG Prob of Latent QHO % of 
Fatality Risk (events Fatality (per QHO Fatality Risk (events C. Fatality (per (per QHO 
(per event) per year) (per year) year) (per event) per year) year) year) 

0.75 Ru w/ fuel fines, early 1.40E-3 1 E-5 1.40E-8 5E-7 3 2.55E-3 1 E-5 2.55E-8 2E-6 1 
evac of 95% (Case 46b) 1 

0.75 Ru w/ fuel fines, late 3.23E-2 1 E-5 3.23E-7 5E-7 65 4.98E-2 1 E-5 4.98E-7 2E-6 25 
evac of 95% (Case 45b) 

1.0 Ru w/fuel fines, late 3.66E-2 1E-5 3.66E-7 5E-7 73 5.16E-2 1E-5 5.16E-7 2E-6 26 
evac of 95% (Case 45a)
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