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1The Safety Goal Policy further states that the average individual in the vicinity of the plant is defined as the average individual
biologically (in terms of age and other risk factors) and who resides within a mile from the plant site boundary.  This means the
dose conversion factors (DCFs) that translate exposure to dose (and hence risk) are for an average adult person ( i.e., infant DCFs,
etc. are not evaluated). In addition the average individual risk is found by accumulating the estimated individual risks and dividing
by the number of individuals residing in the vicinity of the plant.  (The statement also states that if there are no individuals residing
within a mile of the plant boundary, an individual should, for evaluation purposes, be assumed to reside 1 mile from the site
boundary). 

2An accident that results in the release of a large quantity of radionuclides to the environment can result in acute doses to specific
organs (e.g., red blood marrow, lungs, lower large intestine, etc.) in individuals  in the vicinity of the plant.  These acute doses can
result in prompt (or early) health effects, fatalities and injuries.   Doses that accumulate during the first week after the accidental
release are usually considered when calculating these early health effects.  The possible pathways for acute doses are: inhalation,
cloudshine, groundshine, resuspension inhalation, and skin deposition.  Cloudshine and inhalation are calculated for the time the
individual is exposed to the cloud.  Groundshine and resuspension inhalation doses for early exposure are usually limited to one
week after the release.  The doses accumulated during this early phase can be significantly influenced by by emergency
countermeasures such as evacuation and sheltering of the affected population.  Early fatality is generally calculated using a 2-
parameter hazard function.  A organ dose threshold is incorporated into the hazard function such that below the threshold the
hazard is zero.   (For example, the default value of the threshold for acute dose to red marrow is 150 rem in [Ref. C-1].  An early
fatality is defined as one that results in death within 1 year of exposure. 

July 2002  Risk-Informing 10 CFR 50.46/GDC 35, Rev. 1C-1

C.1 INTRODUCTION

Quantitative guidelines are developed in the framework for risk-informing 10 CFR Part 50 to assess
the effectiveness of the regulation, and to ensure a reasonable balance among the strategies for
defense-in-depth.  The quantitative health objectives (QHOs) defined in the Safety Goals are used
as the bases to measure the effectiveness of the regulations.

Unfortunately, the QHOs are difficult to apply in making risk-informed changes to the existing
regulations.  Therefore the following two numerical objectives were adopted in Regulatory Guide
1.174 as surrogates for the two QHOs:  

• A core damage frequency (CDF) of <10-4 per year as a surrogate for the  latent cancer
QHO

• A large early release frequency (LERF) of <10-5 per year as a surrogate for the early fatality
QHO.

The objective of this appendix is to demonstrate how the above two numerical objectives were
derived from the QHOs.

C.2 QUANTITATIVE HEALTH OBJECTIVES

The following are definitions of the QHOs taken directly from the Safety Goal Policy Statement:

• “The risk to an average individual(1) in the vicinity of a nuclear power plant of prompt
fatalities(2) that might result from reactor accidents should not exceed one-tenth of one
percent (0.1%) of the sum of prompt fatality risks resulting from other accident to which
members of the U.S. population are generally exposed.”
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3Lifetime 50-year committed doses can result in latent cancer fatalities.  These doses occur during the early exposure phase (within
one week of the release) from the early pathways, i.e. cloudshine, groundshine, inhalation, and resuspension inhalation, and the
long-term phase from the long-term pathways that include groundshine, resuspension inhalation, and ingestion (from contaminated
food and water).  Just as early exposure can be limited by protective actions such as evacuation during the early phase, chronic
exposure during the long-term phase can also be limited by actions such as population relocation, interdiction of contaminated land
for habitation if it cannot be decontaminated in a cost-effective manner (within a 30-year period), food and crop disposal, and
interdiction of farmland.  A piecewise linear dose-response model is generally used to estimate cancer fatalities.  A dose and dose
rate reduction factor is used at low dose rates (<0.1 Gy per hour) and for low doses (< 0.2 Gy) to estimate cancer fatalities based
on the recommendations of the International Commission on Radiation Protection in their ICRP 60 report.  Up to 20 organs are
included for estimation of latent cancers (e.g., lungs, red bone marrow, small intestine, lower large intestine, stomach, bladder wall,
thyroid, bone surface, breast, gonads, etc.)
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• “The risk to the population in the area of nuclear power plant of cancer fatalities(3) that might
result  from nuclear power plant operation should not exceed one-tenth of one percent
(0.1%) 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 accident, etc., is about
5x10-4 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 5x10-7 per reactor year (ry).  The
“vicinity” of a nuclear power plant is understood to be a distance extending to 1 mile from
the plant site boundary.  The individual early risk (IER) is determined by dividing the number
of prompt or early fatalities (societal risk) to 1 mile due to all accidents, weighted by the
frequency of each accident, by the total population to 1 mile and summing over all
accidents.  For example:

The conditional probability of an  individual becoming a prompt (or early) fatality (CPEF) for
an accident sequence “n” can be expressed by the following:

Equation 1CPEFn
EFn

TP(1)
=

Where: EFn = number of early fatalities within 1 mile conditional on the occurrence of accident sequence
“n”

TP(1) = total population to 1 mile 

It follows that the IER is the sum of the CPEF (weighted by the frequency/ry) for all
accidents (N) that result in a large early release of sufficient magnitude to cause early
fatalities:

Equation 2IER (CPEFn * LERFn)1
N= ∑

Where: LERFn = frequency/ry of a large early release capable of causing early fatalities for accident
sequence “n” 
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• “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 2x10-3 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 2x10-6/ry.  The “area” is understood to be an annulus of 10-
mile radius from the plant site boundary.  The cancer risk is also determined on the basis of an
individual, i.e., by evaluating the number of latent cancers (societal risk) due to all accidents to
a distance of 10 miles from the plant site boundary, weighted by the frequency of the accident,
dividing the total population to 10 miles, and summing over all accidents.  For example:

The conditional probability of an individual becoming a latent, cancer, fatality (CPLF) for an
accident sequence “m” can be expressed in a similar manner to that shown above:

Equation 3CPLFm
LFm

TP
=

( )10

Where: LFm = number of latent, cancer, fatalities within 10 miles conditional on the occurrence
of accident sequence “m”

TP(10) = total population to 10 miles

It follows that the individual latent risk (ILR) is the sum of the CPLF (weighted by the
frequency/ry) for all accidents (M) that result in a release of sufficient magnitude to cause
latent cancer fatalities:

Equation 4ILR (CPLFm * LRFm)1
M= ∑

Where: LRFm = frequency/ry of a large release capable of causing latent cancer fatalities for accident
sequence “m”

C.3 SURROGATE FOR LATENT FATALITY QHO 

Even at a densely populated U.S. site, if a plant’s core damage frequency is 10-4 per year or less,
the latent cancer fatality QHO is generally met with no credit taken for containment.  This can be
demonstrated numerically by assuming that one accident sequence “x” dominates the latent cancer
fatality risk and the LRF, which is defined as:

Equation 5 LRFx CDFx * CLLRPx=

Where: CDFx = core damage frequency for accident sequence “x”
CLLRPX = conditional large late release probability for accident sequence “x”

Assuming a worst case scenario:

• an open containment
• an unscrubbed release, and
• a large opening in containment.
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Given an open containment and all of the conditions necessary for a large release, CLLRPX = 1.0.
Therefore LRFX = CDF X and equation 4 becomes:

Equation 6ILR CPLF * CDFX X X=

CPLF values were reported for a range of NPPs in the supporting documentation for NUREG-1150
[Ref. C-2].  For the purposes of this example the Surry [Ref. C-3] results will be utilized.   The
largest CPLF (within 10 miles) for internal initiators is reported in Table 4.3-1 of reference Z to be
4*10-3.  This CPLF value corresponds to a large opening in containment and a very large release.
It is therefore consistent with the worst case assumptions for accident scenario “x.”  Using this
value of CPLF and assuming a CDF goal of 10-4 per year an estimate of the individual latent risk
can be made using Equation 6:

ILRX = (4*10-3) * (10-4) = 4*10-7 per year

The ILR corresponding to a CDF = 10-4 per year is less than the latent cancer QHO of 2*10-6 per
year by a factor of five.  Therefore using a CDF goal of 10-4 per year will ensure that the latent
cancer QHO is generally met with reasonable margin.
 
C.4 SURROGATE FOR EARLY FATALITY QHO

The early fatality QHO is more restrictive than the latent cancer QHO.  If a plant’s LERF is 10-5 per
year or less, the early fatality QHO is generally met.  This can again be demonstrate numerically
by assuming that one accident sequence “y”  dominates the early fatality risk and the LERF, which
is defined as:

Equation 7LERFy CDFy * CLERPy=

Where: CDFy = core damage frequency for accident sequence “y”
CLERPy = conditional large early release probability for accident sequence “y

Again assuming a worst case scenario:

• an open containment which occurs early in the accident sequence
• an unscrubbed release that also occurs early before effective evacuation of the surrounding

population, and
• a large opening in containment.

Given an open containment and all of the conditions necessary for a large early  release, CLERPy

is equal to 1.0.  Therefore LERFy is equal to CDFy and Equation 2 becomes:

Equation 8IERy CPEFy * CDFy=

CPEF values were again taken from the Surry [Ref. C-3] results.  The largest CPEF (within 1 mile)
for internal initiators is reported in Table 4.3-1 of Reference C-3 to be 3*10-2.  This conditional risk
value corresponds to a large opening in containment and a very large release that is assumed to
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occur early before effective evacuation of the surrounding population.  It is therefore consistent with
the worst case assumptions for accident scenario “y.”  Using this value of CPEF and assuming a
LERF goal of 10-5 per year an estimate of the individual early risk can be made using Equation 8:

IERy = (3*10-2) * (10-5) = 3*10-7/year

The IER corresponding to a LERF = 10-5 per year is less than the early fatality QHO of 5*10-7 per
year by a factor of about two.  Using a LERF goal of 10-5 per year will generally ensure that the
early fatality QHO is met.

Therefore a LERF of 10-5/year is an acceptable surrogate for the QHOs.  The quantitative
guidelines developed for each strategy of the framework is derived from a LERF of 10-5 per year,
which is discussed in detail in Chapter 3.
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