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PROPOSED REVISION 2 OF REGULATORY GUIDE 1,99 YALUE-|MPACT ANALYSLS
1.0 INTRODUCTION

This report presents & velue-Iimpact assessment of Implementing Revision 2
of Regulatory Gulide 1.99, "Radlation Damage to Reactor Vessel Materials." In
practice, neutron radlation damage tc the reactor vessel Is compensated for by
shifting the Pressure-Temperature (P-T) limits up the temperature scale every
few years by en amount corresponding to the shift In the Charpy test transition
temperature produced by the accumulated neutron fluence. The NRC reguletes this
process on the basis of Appendices G and H, 10 CFR Part 50. Paragraph V.A of
Appendix G requires: "The effects of neutron radiation ... are to be predicted
from the results of pertinent radiation effects studles ...". Reguletory Gulde
1.99 provides & means for determining results In the form of calculational
procedures that are acceptable to NRC, and It describes acceptable procedures
for using plant-specific survelllance date when they become avallable.

The objectives of Regulatory Guide 1.99 are best described In terms of the
transition temperature approach to fracture prevention. In this spproach, the
margin of safety against fracture Is given as the difference oetween the
operating temperature of the vessel and the temperature at which brittie
fracture could occur, and the measure of radiation damage Is & transition
temperature shift. Thus, the abllity to calculate the shift has a direct Impact
on the margin of safety against fracture. The objective of Revision 2 of
Regulatory Gulde 1.99 Is to make the calculational procedures consistent with
the present knowledge of radiation damage. Table ! presents a summary of the
changes that would result from the changes In Pressure-Temperature (P-T) limits
that are proposed In Revision 2 of Reguletory Guide 1.99. The values In this
table were obtalned from the NRC staff (P. N. Randall, 1984).

JABLE 1. Summary of Changes In P-T Limits Resulting from & Change from
Rev. 1 to Rev. 2 of Reguletory Gulde 1.99

Number of
Effect of Change Number of Plants Undergoling
Erom Rev. 1 to Rev, 2 Qperating Reactors _____Llcensing
P¥E BNR Jotal ENE BWR Iotal
Ratchet 50°F to 100°F 4 4 8
Ratchet 20°F to 50°F 16 17 33 34 1 45
No Change (+20°F ) 23 7 30 - 10 13
Benef it 20°F to S50°F 7 1 8
Benefit 50°F to 100°F 1 0 1
Benefit 100°F to 150°F 1 0 1
TOTALS 52 29 81 37 21 58

(2) As used hereln, ratcheting means an Increase In P-T [imits up the
temperature scale. .

(b) As used hereln, benefit-means a decrease In P-T |imits down the
temperature scale.
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The following sections present the results of & value-Impact analysis done
on the effects of Implementing Revision 2 of Regulatory Gulde 1.99. The scope
of this analysis Is |Imited to enalyzing the changes In fallure probability of
the reactor vessel during normal startup-shutdown procedures from Revision 1 to
Revision 2. The effects on the operational transients and the pressurized
thermal shock Issue (PTS) have not been addressed In this study.

The velue-Impact assessment yses the methods developed In The Handbook for
Value-Impact Assessment (Heaber!in et. al. 1983), the date developed for Safety
Issue Prioritization (Andrews et. al. 1983) and the results of calculetions done
using ;B;IRC Vessel Integrity Simulation Analysis (VISA) code (D.L. Stevens et.
al. 1 N
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2.0 PROPOSED ACTION AND POTENTIAL ALTERNATIVES

It has been proposed that Revision 2 of Regulatory Gulde 1.99 be
Implemented by operating plents as well as those undergoing |licensing review.
This proposal Is based on considerations of public risk, occupational dose and
cost Impacts.

Improvements In knowledge about materlal properties warrant the use of
the guldellines glven In Revision 2 of Regulatory Gulde 1.99 In determining the
NIl Ductillity Transition Reference Temperture (RT ..). Use of Revision 2
guidelines will @ffect the RT of the majority of the operating nuclear
reactors and those undorgolng"?]conslng. The change In RT will ;
subsequently change the P-T [imits set In the Technical Spgnglcaflons of the
nuclear power plants. This change and the number of plants affected were
presented In Table 1.

The alternatives to Implamentation of Revision 2 are to leave Revision 1
In plece or to eliminate the Guide all together. The solution Is not feasible
since the NRC staff reviews more than 10 Pressure-Temperature |Imits per year
and needs 2 published basts for Its review. Currently, there Is no ASME code
equivalent to Regulatory Guide 1.99. ASTM Standard Gulde E-900-83 contalns an
equation relating the Charpy shift to copper content end fluence, but it Is out
of date. Also, the ASTM Standard does not contaln gulidance on the use of
plant-speclific survelllance data. Revison 1 of Regulatory Gulde 1.99 was used
extensively from the time It was published In 1977 unti| late 1982 when the
review of radiation damage resulting from the pressurized thermal shock (PTS)
Issue revealed the need for change. Also, the survelllance data base has
increased to the point where Revision 2 Is based almost entirely on survelllance
data, whereas Revision 1 was based primai lly on test reactor data.
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3.0 AFFECTED DECISION FACTORS

Parameters conslcered In the value/Impact analysis and those af fected In
this study ere shown In Table 2.

TABLE 2. V/I1 Analysis Decisior Factors

Causes Causes
Quantifled  Unguantif ied@no
Decislion Factors Change Change Change
Public Health X
Occupational Exposure X
(Accligental)
Occupational Exposure X
(Routine) '
Public Property X
Onsite Property X
Regulatory Efflclency X
improvements In Knowledge X

Industry Implementation C X

Industry Operation Cost -
NRC Developrent Cost X
NRC Implerentation Cost X
NRC Operation Cost X

(a) Unquantifled means not readily estimated In dollars.




4.0 VALUE-IMPACT ASSESSMENT SUMMARY

Best Lower Upper
Decision Factors Estimate Estimate Estimate
vaLuks () (man-rem)
Public Health 1.1E+04 0 2.2E+04
Occupational Exposure
(Accidental) 6.7E+01 0 2.2E+02
Occupational Exposure N/A
(Routine)
Regulatory Efficlency N/A
Improvements In Knowledge N/A
Total Quantified Value 0
weacts > <ls) 1.1E+04 2.26404
Industry Implementation =2.045 =-1.2E+45 -4 ,0E+5
Costs
Industry Operating Cost -1.01E+08 -5.01E+07 -1.7E+08
NRC Development Cost N/A
NRC Implementation Cost -1.3E+05 -8.6E+04 -3.4E+405
NRC Operation Cost 0 0 0
Public Property 3.1E+06 0 3.2E+07
Onsite Property 3.5E+07 0 6.7E+07
Toral Quantifled Impact -6.3E+07 =5.0E+07 =-7.2E+07
(a) A decision term Is a value If It supports NRC goals. Princlipal

among these goals Is the regulation of safety.

(b) Impacts are defined as the costs Incurred as a result of the

proposed actlion. Opgoﬂw, ve- Impacts Indicate cost savings
(avolded cost). ss/tive .

(c) Assuming 5% discount rate.
N/A = Not Affected
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5.0 LUNQUANTIF LEQ BESIDUAL ASSESSMENT

There are no unquantified decision factors In the sssessment of this
action.
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6.0 DEYELOPMENT OF QUANTIF ICATIONS

Development of quantifications Included the following factors: public
health, occupetional exposure (acclidental), public property, onsite property,
Industry Implementation, Industry operation cost and NRC Implementation cost.

PUBLIC HEALTH

A risk analysls was performed to assess the effects of Implementing
Revision 2 of Regulatory Guide 1.99. It can be seen from Table 1 thet
Implementation of this revision will change the P-T |imits of a majority of the
operating nuclear reactors and those plants undergoing |lcensing. The effects
of this revision on those plants that are ratcheted by 0°F to 100°F were °
analyzed.

The VISA code was used to develop estimates of the fallure probablilities of
reactor vessels. The P-T |imits of & representative case were developed based
on Revision 1 and Revislion 2 values of RT .., following the procedures
prescribed In Appendix G to Section 1! OPXSKE code and Appendix G of 10 CFR
50. Figures 1 through 4 show the heatup-cooldown P-T |imit curves developed for
our assumed case and based on Revision 1 and Revision 2 guidelInes.

A conservative estimate of the fallure probablility was determined by
choosing a plant that would be ratcheted by 100° F If “evision 2 was to be
Implemented. Following are the characteristics of the assumed representative
case:

g = 0.20 Nif = 1,00 F = 1E+19 (F = fluence)

An estimate of 4.9E-07 per transient for the change In fallure probability of
the reactor vessel from Revision 1 to Revision 2 was obtained. This was
assumed to be an upper estimate for this analysis.

Most of the ratcheted plants are those whose P-T |Imits are @f fected by
20°F to 50°F. An Intermediate estimate was determined by considering a plant
that would be ratcheted by about 50°F. The change In fallure probabllity of the
reactor vessel from Revision | to Revislion 2 Is determined to be zero. However,
for our analysls, a best estimate of half the upper estimate (2.5E-07 per
transient) was assumed.

The lower estimate of the change In fallure probabllity of the vessel was
assumed to be zero, since there are about 30 plants that will see no change or
Improvement In thelr P-T |Iimits due to Implementation of Revision 2.

Modifications were also made to VISA In order to obtaln estimates of the
reactor vessel fallure probabllity. The main modification was to revise the
flaw slze distribution given In VISA. A Iisting of the flaw size distribution
follows:
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Flaw Size

Linches) Erobablllty
0.000 0.91767661
0.125 0.05507015
0.250 0.02256 957
0.500 0.00422063
1.000 0.00036718
1.500 0.00007085
2.000 C.00001667
2.500 0.00000500
3.000 0.0000C250
3.500 0.00000083

This distribution was used during the preliminary stages of our analysls.
However, due to the small probabllities gliven In the distribution no reactor
vesse! fallure was simulated by VISA, Therefore, to get any kind of an estimate,
we assumed that the probabllity of @ 1/4 T (Thickness) flaw Is i. For our ]
purposes the thickness of the reactor vesse! was assumed to be 8 Inches. The
fallure probablility results were then reduced by a factor of 3500 based on the
frequency of this flaw size. This value was obtained by the ratio of the
results given by two VISA runs: the first with the adjusted flaw size
distribution and the second with the original flaw size distribution. These
values were then multiplied by 6 to account for 6 welds In the reactor vessel
belt Iine.

Table 3 shows the effects of change In fallure probabllity of vessels from
Revision 1 to Revision 2. The values In Table 3 should be Interpreted as the
"reduced" fallure probablility or the fallure probabliity that wil! be "avolded"
by Implementing Revision 2 of Regulatory Gulde 1.99. These estimates are very
conservative due to the conservative nature of the analysis and the assumptions.

JABLE 3. Effects of Change In Fallure Probabllity per Transient from
Revision 1 to Revision 2

Best Estimate = LUpper Bound = Lower Bound
2.5E-07 4,.9E~07 0

A conservative estimate of risk was made by assuming that a propagating crack
would result In breach of the reactor pressure vessel and subsequent core melt.
This conservative assumption was used to perform the Pressurized Thermal Shock
Value-Impact analysis (Andrews et. al. 1983) and It Is belleved that core-melt
following 2 PTS event Is more probable than durlng normal heatup-cooldown
procedures, therefore the cubsequent risk analysls done for this report Is
be!leved conservative. The contalnment fallure modes, |lkellhoods, and release
categor les are assumed to be the same as for sequences S‘D (for PWRs) and S|
(for BWRs) Appendix A of the Guldelines (Andrews 1983).

Table 4 shows the changes to release category frequency based on the
previousiy specifled release categorles. .
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TABLE 4. Changes to Release Category Frequency (per event)a :

}Reactor Type

Estimate

PWR

BWR

Best Estimate
Upper Bound
Lower Bound

Best Estimate
Upper Bound
Lower Bound

(a) Event refers to startup-shutdown.

(b) The values In table are per (startup-shutdown).
(startup-shutdown)/reactor Is assumed.

(c) N/A

= not affected

Release Category
3

(=N

(=R N omm
(=N~ oo

For our purposes 6



Applicetion of the dose conversion factors In Teble 5 to the changes In
release category frequencles given In Table 4 results In the avolded public dose
shown In Table 6. The uncertainty Is conservatively propagated by employing the

extremes (e.g., high estimate dose conversion times upper bound release category
frequency change).

IABLE 5. Dose Conversion Fectors (man-rem/release)‘®’

Belease Category Mhole Body Dose Consequence (man-rem)
PWR 1 5. 4E+06
PWR 2 4,.8E+06
PWR 3 5.4E+06
PWR 4 2.7E+06
PWR 5 1.0E+06
PWR 6 1.5E+05
PWR 7 2.3E+05
BWR 1 5.4E+06
BWR 2 7.1E406
BWR 3 5.1E+06
BWR 4 6.1E+05

(a) From CRAC, with guidelines and quantities of radlcactive Isotopes used In
WASH-1400. Estimates are based on the meteorology of a typical Midwest
site (Byron-Braldwood) with @ uniform population density of 340
people/square mile, no evacuation and 50-mile radlus model!.

JABLE 6, Avoided Caiculated Public Dose (man-rem/startup-shutdown)

Reactor Best Estimate Upper Bound Lower Bound
PWR 3.3E-01 6.5E-01 0
BWR 1.8E+00 3.5E+00 0

To estimate the total public risk averted, the per-startup-shutdown
estimates must be multiplied by the number of effected faclllties, average
number of startup-shutdown (events) per year and by thelr average remalning
Ilfetimes. The number of affected facllities was assumed to be 86, glven In
Table 1. The average number of startup-shutdown for a plant is assumed to be 6
per year. The average remaining |ifetime for the plants Is assumed to be 25

years. Use of these values ylelds the total avolded public dose estimates shown
in Table 7. .

6.6
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IABLE 7. Summery of Avolded Public Health Risk (8P’

Iotal Avolded Dose (Person-rem)
Best Estimate Upper Estimate Lower Estimate
1.1E+04 2.2E+04 0

(a) For all the affected PWRs and BWRs.
(b) These estimates Include both the operating plents and those

undergoing Ilcensing. Refer to Table ! for exact nunber of
affected plants.

QCCUPAT IONAL EXPOSURE (ACCIDENTAL)

The avolded occupational exposure from accidents can be estimated as the
product of the change In total core-melt frequency and the occupational exposure
Ilkely to occur In the event of a major accident. The estimated change In
core-melt probablilities are presented In Table 4. The occupational exposure In
the event of a major accident has two components. The first Is the "Immedlate”
exposure to the personnel on site during the span of the event and Its
short-term control. The second Is the longer-term exposure associated with the
cleanup and recovery from the accldent.

The final data required sre the number of effected facllitles and thelr
remaining Iifetimes. The number of plants affected Is given In Table 1 and

thelr average remainin; |ifetimes Is assumed to be 25 years. The total avolded
occupational exposure |5 then calculated as fol lows:

Proa = NTOgp =&F (Dyg + D yp)
where
DTOA = total avolded occupational dose
N = number of effected facllities
T = average remaining |ifetime
Doa = avolded occupational dose per reactor-year
OF = change In core-melt probabll ity
DIO = "immedlate™ occupational dose
O 1o = long-term occupational dose

‘Table 8 shows the values taken as best estimates and bounds for these
parameters. Uncertainties are conservatively propagated by use of extremes
(e.g., high estimate Dyo + high estimate R

6.7
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TABLE 8. Summary of Avolded Occupational Exposuro(a)

Total Avolded
Change In Core-Me!t immed!ate (D) Long-Torm(c) Occupational
Probabl | ity Occupations! Dose Occupational Dose Exposure
(events/reactor-yr) (man-rem/event) (man-rem/event) (man-rem)
PWR BWR
el vd L bd el hA N N 0l O e B e 9 0 0 el S Wl Yt o Sl St e b ot ot o A ) o M 0 - e L L e e T
Best Estimate 2.56-07 2.56-07 1.0E+03 2.0E+ 04 6.7E+01
Upper Estimate 5.0E-07 4.50E-07 4,.26403 3.0E404 2.26402
Lower Estimate 0 0 0 1.0E+04 0

et 4k W h it R o Nt S ol N N St e ol et B Mt ek B8 B d
(a) For both the operating plants and those undergoing |icensing.
For the exact number of plants affected refer to Table 1,

(b) Based on Initiai (4 month) occupational exposure following

. the accident at TMI.

(c) Based on cleanup and decommissioning estimates.
NUREG/CR=-2601 (Murphy , 1982).



BUBLIC PROPERTY

The effect of the proposed action upon reducing risk to public (l.e.,
offsite) property Is calculated by multiplying the change In acclident
probabllity by a generic offsite property damage estimate. This estimate was
derived from the mean value of results of CRAC2Z calculations, assuming an SSTI
release (l.e., major acclident) for 154 reactors (Strip 1982). The damage
estimate Is converted to present value by discounting at 108.

The following discounting formula was used:

D = v '.0-10*'-.-010"f
0.10

where

discount value
damage estimate

| = years before reactor begins operating 0 for operat/ng
reactor

¢ = years remaining until end of Ilfe.

“+ SO
"

The aversge number of years of remalining Iife Is 25. Thersfore, the discount
D/V = 9. This must be multipiled by the number of affected facilities to yleld
the total effect of the action. Table 9 summarizes thuse results. The high and
4he low estimates are values for Indian Point No. 2 and Palo Verde No. 3
calculated from Strip (1982).

The cost est!mates have also been calculzted using a 5§ discount rate.
This was done as & sensitivity analysis to getermine the Impact of discount rate
on the overall value-Impact ratio.
JABLE 9. Summary of Avolded Public (Offsite) Property Damage

Offsite Yalue of Avolded
Broperty Damage ($/event) Qffsite Property Damage ($)

ol el

Best Es*imate 1.7E+09 2.0E+06 3.1E+06

Upper Bound 9.2E+0S 2.1E+07 3.2E+07

Lower F.ound 8.3E+08 0 0
ONS1TZ PROPERTY

The effect of the proposed action on reducing the risk to onsite property
Is estimated by multiplying the change In accident probability by a dlscounted
onsite property cost. This discounted property cost was developed from the

generic onslite property cost taken from Andrews et. al. (1983). It Includes an
estimate for replacement power.



This velue Is discounted at 108 using the following formule:

v ———
0.01M

dliscounted value

L=
N

where

o
L]

Y = damage estimate

-
"

| = yesrs before reactor begins operation, O for operating
reactors

t; = yeers remaining until end of Ife

period of time over which damage cost Is pald out (recovery
period in years)

Assuming that the remaining reactor |ife Is 25 years and that the recovery
period Is 10 years, the discount D/V = 5.8,

To obtain the total effect of the actions, the per-reactor results are
multiplled by the number of affected facillities (86). The results are
sunmar Ized In Table 10. The uncertainty bounds given In the table reflect 2
+50% spread In the generlic property cost coupled with the bounds on core-melt
probablility. This was estimated to be Indicative of the uncertainty level.

IABLE 10, Summary of Avolded Onslite Property Damage

Onslte Value of Avolded
Property Damage ($/event) Onsite Property Damage ($)
Jof  __S5%
Best Estlmate 1.65E+09 | 1.2E406  3.5E+07
Upper Bound 2.56+09 3.6E406 6.7E+07
Lower Bound 8.2E+08 0 0

JINDUSTRY IMPLEMENTATION

The primary cost element assocliated with Implementing Revision 2 of
Regulatory Gulde 1.99 consists of changing the P-T |imits given in a plant's
technical specification. The time required to make this change Is estimated to
be one man-week per plant. This cost is taken to be $2270/week (Andrews et. al.
1983). The number of affected plants Is assumed to be 86 (from Table 1). This
includes both the operating plants and those undergoing licensing. Therefore,
the total cost of Industry Implementation Is estimated to be:

(86 plants) ($2270/plant) = $2.0E+05

oa—— 6.10



This value Is teken to be our best estimate. For our purposes an upper
estimete of 2 weeks and a lower estimate of 3 days have been assumed for the
time required to make the changes In the Technical Specifications.

JNDUSTRY OPERATION COST

The maln effect of Revision 2 of Reguletory Guide 1.99 Is to shift the P-T
IImits up the temperature scale. This will require the plants to warm up the
vessel to & higher temperature before reaching to thelr normal operating
conditions. It Is estimated that the maximum "lost time"™ for the ratcheted
plents would be 2 hours assuming 50°F/hr heat up rate. This estimate Is derived
by studying the revised P-T |imits and discussions w!th selected Industry
representatives. This estimate Is converted to a monetary value as fol lows:

(2 hours lost time)(1 day/24 hours)($300,000/day) = $2.5E+04

The $300,000/day estimate represents the cost of one day delay In startup
(full power operation) to the Industry. Multiplying $2.5E+04/plant by the
number of affected plants, number of assumed startup-shutdowns/yr, and the
remaining |ifetime of the plants (assumed to be 25 years) ylelds the total
Industry operation cost. Therefore, the total Industry operation cost Is:

(8 plants)($2.5E+4/plant)(6 startup-shutdown/yr) (25 yr) = $3.0E+07 (1)

This value represents the Industry operation costs for those plants that are
ratcheted by 100° F. There are about 78 plants that are operating and undergolng
licensing and that are ratcheted by up tc 50° F. Thelr "lost time" will
therefore be half of the ones that are ratcheted by 100° F. The Industry
operating cost for these plants Is:

(78 plants)($1.25E+4/plant) (6 startup-shutdown/yr)(25 yr) = $1.5E+08 (2)

Adding these values (l.e., $3.0E+07 and $1.5E+08) gives a total Industry
cost of $1.8E+08.

Assuming 5% discount over the next 25 years, the present value of total
Industry operation cost becomes $1.01E+08. At 108 discount this estimate Is
$6.54E+07.

Assuming a 100°F/hr heatup rate, can reduce this estimate by 50 percent.

An estimate of 30°F/hr heatup rate Is chosen for the upper bound cost
calculations.

Some of the older plants (i.e., those that are ratcheted significantly),

there Is concern that thelr P-T limits are already close to the saturation curve
and Implementation of Revision 2 wil| cause thelr P-T |imits to get closer



to the saturation curve and thereby further |imit thelr startup procedures.
Operations to cover heatup-cooldown rates may be needed to evold this problem.
Additional costs would be Incurred If this spproach Is taken.

NRC IMPLEMENTATION COST

The Impact of proposed changes with respect to steff review time will be
minimal. It will be limited to reviewing the revised P-T |imits given In the
Technical Specifications. It Is estimated that less than 1 person-week of staff
review time would be required (estimated cost = $1500/plant). The cost
per-plent might range from $1000/plant to $4000/plant. For 86 plants, this

ylelds a total NRC impact of $1.3E+05 with bounds ranging from $8.6E+04 to
$3.4E+05.
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7.0 CONCLUS IONS

The summary results for the value-Iimpact assessment are shown below.

Susmacy of Yalue-lmpact Assessment

—talue (man-rem) _____ lppact'®’ (%)
Best Upper Lower Dest Upper Lower
Lstusere  _Estimate £stimate
5% 108 _ "¢ 10 =g 10%

1.1E+04  2,2E+04 0 «6.3E407 =6.26407 <7.2E407 =7.7E+07 =5.0E+07 =3.2E+07

(a) Assuming a 5% and 108 discount rate.

The best estimates for cost and dose reductions Indicate that the cost of
one man-rem avolded Is In the $3500 - $5600 range. Thls high cost estimete,
therefore, prevents us from recommending the Implementation of this revision.
This conclusion Is not sensitive to the assumed discount rate.

There Is no doubt that the Revision 2 gulidelines are more up-to-date and
more eccurate than Revision 1. However, there are several drawbacks assoclsted
with the proposed revision. The maln one Is the fact that the Implementation of
this revision will slow down the startup time of the majority of the operating
plants and those undergoing |lcensing. The other drawback Is that the P-T
limits of some of the older plants Is already close to the saturation curve.
Implementation of this revision will further Iimit thelr operational procedures.

7.1
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