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Fort St. Vrain #1
Technical Specifications
Amendment No.,

Page 4.2-22a

Maintaining the liner temperature above the FTE temperatures of
tha liner and weldment materials ens 1 that crack propagation in the
liner at any tensile membrane strees ., to yield stress would be
incredible, and in this respect the liner meets the same criteria as are
prescribed for steel nuclear pressure ‘essels, but is more conservative
since the liner is in general comp.ession for all normal operation
modes.

Limiting the average couling water temperature to a minimum of
E5°F and the maximum inlet to outlet temperature d.fference to 20°F
ensures that the top head line: material average temperatures will be in

excees of B5°F at all times.
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Shutdown Margin

The shutdown margin assessments required by Technical Specifications LCO/SR 3/4 1.4
and LCO/ER 3/4.1.6 are based on the assumption of & limited reactivity contribution due
10 cooling the fuel to an average fuel temperature of BO°F.  Avage fuel temperatures
below BO®F would result in a greater reactivity addition than assumed in shutdown margin
assessments due 10 the negative temperaiure coefficient of reactivity. In PSC letter dated
October 8, 1990 Crawford 10 Weiss (P-90310), PSC committed to maintain FSV average
fuel temperatures betweer 80 and 200°F at all times when forced circulation is provided.
In this letter PSC aiso committed to limit the calculated bulk core temperature (defined in
Technical Spacification LCO 4.0.4) to less than or equal to 400°F during planned
interruptions of forced circulation (IOFC). It is conservatively postulated that st very low
decay heat gereration rates the average fuel temperature could approach the temperature
of tha PCRV liner during an extended IOFC. Restricting the minimum average PCRV liner
cooling water temperature to B5°F assures that the average fuel temperature cannot
decrease Lalow BO°F, even during an extended I0FC when most of the fuel has been
removed from the PCRV. (The instrumentation used to determine the average PCRV liner
cooling water temperature 1s accurate to within 5°F). This assures that the 80 °F minimum
average fuel temperatuce assumption associated with the shutdown margin assessments
is valid at all times.

Brittle Fractuiy Prevention for the PCRY Liner

Attachmer ' 4 in this subrittal package is EE-46-0007, Rev. B, *Engineering Evaluation of
Prestressed Conciete Reactor Vessel and Core Support Floor Structures for a Proposed
System 46 Tamoerature Change. " This document assesses the concern regarding the
potential for brittle fract re of the PCKV liner, and concludes that with an B5°F average
FCRV liner temperature, the margin above the nil-ductility transition (NDT) temporature is
acceptable. The margin of scfety will be greater than that currently delineated in the basis
for Technical Specitication LCO 4.2.18, which allows operation down 10 the fracture
fransition elastic (FTE) wemperature, since the B5°F minimum average PCRV liner
temperature is well sbove !he FTE, as discussed below,

FSA'l Sections 5.7 2.2 and £.24.5 discuss the experimentally determined initial and final
NOT temperatures following exposure of each heat of liner material and a weldment of the
liiar material to an integrated neutron dose of 2.3 E18 n/cm’ (E 2 1 MeV). This integrated
neutron dose utilized i the materials testing was the dose calculated for the most highly
irradiated portion of the liner, at the 10p head, assuming a 30 year operational life at an
B0% capacity factor (24 effective full power years, or 8760 effective full power days -
EFPC). Each of the four heats of liner material had an initial NDT temperature below minus
S0°F and axperienced an increase in NDT temperature of less than 100°F (FSAR Table
£.24.78) following exposure to the 2.3 E18 n/cm’ integrated neutron flux. The weld metal
had an initial MDT temperature of minus 75°F and experienced an increase in NDT
temperature of 125°F (FSAR Table £ 24-16) following exposure 10 this sume integrated
neutron flux,

he reactor was permanently shut down on August 18, 1989, having accumulated 890
EFPD, which represents approximately one-tenth of the design lifetime and which
correrponds 10 a maximum integrated neutron dose at the top head liner of 2.4 E17 n/em’
(based on the integrated neutron flux equation in FSAR Section 5.7.2.2). Assuming a



J)

linear correlation between neutron exposure and increase in the NDT tenperatures, this
neutron exposure would cause # shift in the NDT temperatures of approximately one-tenth
(B90/8760) of the experimentally determined NDT temperature shifts. The NOT
temperatures are caloulated to shift from cainus 60°F to minus S0°F for the liner material
and from minus 75°F 10 minus 62°F for the weldment material over the actual operating
life of the reactor. The FTE temperature is approximately equal 10 the NDT + 60°F. The
end-of-life FTE temperatures are therefore calculated to be 10°F for the liner material and
minus 2°F for the weldmeri material.

Maintaining the liner tempersture above these FTE temperatures ensures that crack
propagation in the liner at any tensile membrane stress up 10 vield stress would be
incredible, and in this respect the iner meets the same Criteria as are prescribed for steel
nuclear pressure vessels, but is more conservative since the liner is in general compression
guring shutdown conditions, as it also was for all normal operating modes. Since the new
85°F minimum average operating temperature of the PCRV liner is above the calculated
end-of-life FTE temperatures of the liner and weldment materials, it is acceptable.

ECRY Linec and Congrete Stresses

EE-46-0007, Rev. B (Attachment 4 of this submittal package), evaluates PCRV liner and
concrete stresses associated with an 85°F minimum average PCRV liner cuoling water
temperature. Under steady state conditions at the new minimum average allowable
temperature, PCRV liner and concrete stresses are slightly reduced due to thermal
contraction of the steel and concrete at the lower temperature. Since these materials are
Mmaintained in a state of compression by the prestressing tendons, the thermal contraction
results in a slight relaxation of stresses. Since the coefficients of thermal expansion are
very similar for concrete and steel, the proposed 18 °F reduction in the minimum average
PCRV cooling water temperature does not give rise to sigrificant stresses at the interfaces
between the iiner and concrete and the concrete and its bonded reinforcing steel due to
differential thermal strains. Concrete and steel stresses arsociated with the steady state
condition at the proposed minimum average temperature would be bounded by those
previously analyzed for Cases 1 and 2 in FSAR Section 5.3.2.6.3, *After initia/ Prestress
and at Atmospheric Pressure* and “Before Heating and at Atmospheric Pressure.* Thece
load combination analyses assurmed the PCRV was at 70°F and depressurized with the
tendons fully prestressed. The FSAR concludes thet stresses for these cases are within
allowables even with seismic stresses from a design basis earthquake superimposed. As
concluded in EE-46-0007, Rev. B, reduced operating temperatures do not adversely atfect
the structural integrity of the PCRV.

EE-46-0007, Rev. B, alsc includes the results of anaiysis of stresses resulting trom
postulated transient conditions. It was conservatively assumed that the PCRV liner,

the penetration liners, and Core Support Floor (CSF) liner were instantly cooled
15°F from the initial temperature and that the adjoining concrete remains at the initial
temperature. As stated in EE.46-0007, Rev. B, *“The assumption of instanteneous
temperature change is very conservative as the thermal masses involved are very large and
temperature variations of the System 46 cooling water tend 1o occur slowly.* Stresses
which could arise due 10 the 15°F temperature decrease were calculated for various PCRY
and CSF components considered to be the most critical and added to previously caiculated
stresses. The resultant stresses were determined to be below the allowable stresses for
the PCRV liner and penetration liners, the PCRV liner anchor studs, the PCRV concrete, the
PCRV reinforcing rods, the CSF liner, the CSF concrete and CSF reinforcing bars, as



documented in EE-46-0007, Rev, B. Based on this, it is concluded that a sudden decrease
of the average liner cooling water temperature from 100 to 85 °F does not adversely affect
the structural integrity of the PCRV.

CONCLUSION

Reduction of the minimum average PCRV cooling water temperature from 100 1o 85 °F will
not impact nuclear safety at FSV. The assumption regarding minimum average fuel temperature
in the shutdown margin assessment remains valid, as discussed above. At an average
temperature of B5°F, the PCRV top head liner and weldment materials are above their calculated
end-of-life fracture transition elastic temperatures, so brittle fracture is not a credible failure mode.
PCRV liner and concrete stresses will not increase when temperatures equilibrate with the
minimum aversge PCRV cooling water temperature at 85°F. Even if it is conservatively assumed
that PCRV and CSF liner average temperatures decrease instantaneously from 100 to 85°F,
resulting stresses are within allowable limis.

Based on the above evaluation, it is concluded that operation of Fort St. Veain in
accordance with the proposed changes will not involve a significant increase in the probability or
consequences of an accident previously evaluated, create the possibility of a new or different kind
of accident from any accident previously evaluated, or involve a significant reduction in a margin
of safety. Therefore, this change will not increase any risk to the health and safety of the public
nor does it involve any significant hazards,






