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MDDRANDU FOR: B. C. Rusche, Director
Office of Nuclear Reactor Regulation

R. B. Minogue, Director
Office of Standards Development

FRGH: S. Levine, Director
Office of Nuclear Regulatory Research
SUBJECT : RESEARQ] INFORMATION LETTFR - 10, PRESSURE VESSEL

FAILURE PROBABILITY PRUDICTION

This merorandun transmits the results.of completed research on evaluation
of the probability of pressure vessel failure from pressure transieats
which can occur during PWR operation. Tle draft report which is
enclosed briefly describes the computer code which nas been developed
and discusscs the application of the code to Surry 1. Since the work
was done within Nuclear Regulatory Research, there Las been no review
by a Rescarch Review Croup. Peer review within the 1RC will determine
the applicability of this work to IRC problems. Droader peer review

. will.be obtained in time by publication of this information in a
technical journal.

1. The computer code OCTAVIA has been developed Ly the
Probabilistic Analysis Branch and the 'e:tallurgy and
Materials Research Branch. The code uses historical nuclear
data to estimate the frequency of pressure transients along
with the maximm pressure which is achieved in the transient.
Fracture mechonics is used to calculate the failure pressure
of the particular vesscl for different sized flaws existing
in the beltline of the vessel. The vessel failure probability
is equal to the probability that a given f{law exists times
the probability that a pressure transient occurs and has a

~ maximasn pressure exceeding the vessel failure pressure.

2. The failure probability calculations consider the particular
pressure vessel characteristics such as copper content, wall

Also cousidered are the effects

. tliichness, and initial m‘}‘m..
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of temperature and neutron fluence (vessel aging). Ay of the
parameters in the code can be changed to detemmine the impact
of potential licensing decisions.

The table below gives the median failure probsbilities for Surry 1
for different operating temperatures and fluences. The table
illustrates some of the results obtainusble from the OCTAVIA code.
The table also serves to extend WASH-1400's calculations which
were performed for Swrry 1. The vessel age in calendar years is
shown above the equivalent fluence value. lore complete evalua-
tions are contained in the enclosed report.

(AGE)* (0 yrs.) (2.5 yrs.) (10 yrs.) (40 yrs.)
FLUENCE - 0.0 3.8E+18 1.5E+19 6.0E~19
TBP (F)
70 3.3E-09 2.4E-06 1.7E-05 3.5E-05
110 2,0E-09 6.3E-07 1.1E-05 3.0E-05
130 2.0E-08 3.4E-08 5.5E-06 2.5E-0S

*Age in calendar years assuming effective full power years = 0,8 x calendar

yem .

4.

From post nuclear experience, the median tamperature of transients
which have occurred is aroroximately 110°. The present age of
Surry 1 is approximately 2.5 calendar years.
in the ebove table, the median pressure vessel failure probability
predicted for Surry, at the present time, from the types of over-
pressurization transients that have been occurring is 6.3 x 107
per reactor year. This valus is within tha overall value of
pressure vessel failure probability predicted in WASH-1400 of

1078 - 10" per reactor year.
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S. At 40 years the vessel failure probability is prodicted to increase
to 3.0 x 1075 per reactor year. This probability can be significantly
reduced by system or operational modifications which are now being .
studied by the resulatory staff. The OCTAVIA code has the ability to
determine the irpact of these modifications on the final failure
probability. For instance, the probability of vessel failure will
vary lincarly with the frequency of occurrence of transients; however,
a reduction in amplitude of transients fran say 1600 psig to 1200 psig,
would reduce the likelihood of failure by a fuctor of about 20 at the
end of 1life. More generally, it is also interesting to note a reduction
in copper content of vessel steel from .25 to .10% would roduce the
predicted failure probability by a factor of 10 to 100.

We would be happy to be of assistance in the Lnplementation of this information
into standards or licensing procedurcs.

Originsl Signed by
Suul Levipe

Saul Levine, Director
Office of Nuclear Regulatory Research
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- of termerature and nentron fluence (vessel aging). Any of the
parameters in the ende can bhe chianceld to determine the irmact
of potential licensins decisions.

3. The table below eives the inedian failure probabilities for Surry 1
for different operating temperatures and fluences. The table
illustrates some of the results obtainahle {rom the OCTAVIA code.
The table also serves to extend VAS!H-1400's cglculations which
were performed for Sirry 1. The vessel age calendar years
is shown above the equivalent fluence valuy! More complete
evaluations are contained in the enclosed/freport.

(\T)* (0 yrs.) (2.5 yrs.) O yrs.) (40 yrs.)
FLITNCT - 0.0 3.0F+18 1.57+19 6.01+19

ya

- MR
70 3,30-00 2.4F-0F 1.71-05 3.5E-05
110 2.07=09 6.7407 .\ 1.11-05 3.00-05
150 2.0E-00 3,45-08 \5\.51‘-,-06 2.52-05

*Age in calenlar years assm\.l‘;xg effective Al 7
»

calendar years., /

ver vears = 0.8 x

4. Trom nast nncleaé' experience, the median temlerature of transients
vhich have ocqurred is apnroximately 1109, The\present age of
Surrv 1 is apvroximately 2.5 calendar years. Using this information
in the above table, t'e median pressure vessel failure probability
for Surry, at the present tire, is 6.3 x 17-7 per reactor year,

At 40 years the vessel failure probability will have increased

to 3.0 x 10°5 per reactor year. The vessel failure probabilities
can be simificantly reduced by system or operational modifications
which might be instituted. The comuter code has the ability to
determine the imact of these modifications on the final failire

probability, v A .
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