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MEMORANDUM FOR: D. 2, Vassallo, Assistant Director for LaR's, OPM

FROM: D. F. Ross, Jr., Assistant Director frr Reactor Safety, DSS
SUBJECT: TMI-2, INPUT TO SER SUPPLEMENT 0. 2
Plant Name: ™I-2
Docket No,: 50-32
Milestone No.: 27-21
Licensing Stage: i
Responsible Branch LWR-4
and Project Manager: H. Sflver
Systems Safsty Branch Involved: Reactor Systems
Description of Review: Input to SER Supplement No. 2
Review Status: Complete

The Reactor Systems Branch has prepared the attached ipput for SER
suppiement number 2. This completes tha RSB review of Three Mile Island
Unit 2. The following topics are addressed.

5.2.2 Overpressure Protection during Startup and Shutdown*

6.2 Net Positive Suction Head Assessment

6.3.3 Makeup Tank Isolation*

15.2.2 Steamline Break Analysis*®

15.2.2.1 Secondary System Modification*

15.2.2.2 Long Term Cooling following a Steamline Break*

15.2.8 Feedwater Line Break

Note: [I%tems marked with * involve lferits on plant operation

D. F. Ross, Jr., Assistant Director
for Reactor Safety

Division of Systems Safety
tnclaosure: L
SER Input
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R Overpressure Protection During Startup and Shutdown

Several instances of reactor vessel overpressurization have occurred in
pressurized water reactors in which the Technical Specifications

implementing Ajpendix G to 10 CFR 50 have been exceeded. Vessel stress
Timjts as a funition of pressure and vesse) temperature decreass as the

result of vessel irradiation through the life of the plant.

Quring the first fuel cycle, the applicant has administrative procedures
and equipment to minimize the potential for excessive pressure transients
under startup and shutdown conditions. By procedure, either 3 steam

or nitrogen bubble will be in the pressurizer with a high level alarm

and a Tow level interlock to maintain specified level limits. The
presence of a bubble reduces the repressurization rate which results in
more time for operator action. A single dual range reiief valve will

also be available.

The NRC staff has performed an evaluation of the Three Mile Island Unit No. 2
pressure vessel and detarmined that due to the small effects of radiation
during the first fuel cyzle, the allowable stress Timits are not reduced
-#low stresses resulting from overpressure events limited by safety valve
set points with the vessel at ambient temperature. This evaluation
provides the principal basis for cencluding that an overpressurization
event during the first fuel cycle would not present an undue nazard

relative to vessel failure.



The applicant has provided a plant recesign incorporating a dual range
setpoint for the pressurizer relief valve. During cooldown from hot

shutdown, the NOTT mode for operation of the relief valve would be selected
when the reactor fluid temperaturz is cooled to 275°%F and the primary coolant

pressure is below 450 psig. When in this mode, the relief valve would open

should the pressure exceed 500 psig and the primary coolant temperatu:es
remain below 275°F.

The applicant has evaluated this system considering seven different

events representing the thirty events experienced in various PWRs. The
analyses were pe~formed witk code DYSID. C(redit was taken for administra-
tive procedures requiring either a steam or nitrogen bubble in the
pressurizer at all tines. Credit was also taken for the pressurizer

high level alarm and Tow level interlock to maintain the water between
specified level limits. The sults of the analyses indicated that reactor

system pressure would not exceed 500 psig during any of the avents.

The staff has reviewed the dual set point design nd the results of the
analyses to determine if adequate protection is provided through the
life of the plant. The design does not meet the single failure criteria
because only a single relief valve has been provided. Also, the code

OYSID has not been reviewed by the staff.

The Tong term solution, which must be implemented prior to the second fuel

cycle will require staff review and approval of the code PVSID and modifi-

cations to the present design to meet all of the requirements identified below.
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Credit for operator action. No credit can be taken for operator

action until 10 minutes after the operator is made aware that a
transient is in progress.

Single failure criteria. The pressure protection system should

be designed to protect the vessel, given any event initiating a
pressure trinsient. Redundant or diverse pressure protection
systems will be considered as meeting the single failure criteria.

Testability Provisions for periodic testing of the overpressure

protection system(s) and components shall be provided. The program
of tests and frequency or schedule thereof will be selected to assure
functional capability when required.

Seismic design and IEEE 279 criteria. Ideally, the pressure protection

system(s) snould meet both seismic Category I and IEEE 27° criteria.
The basic objective, however, is that the system(s) should not be
vulneracle to an event which both causes a pressure transient and
causes a failure of equipment needed to terminate the transient.

Reliability. The system(s) provided must not reduce the reliability
of the emergency core cooling system or residual heat removal system.
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SER Supplement 2

Net Positive Suction Head Assessment

In Tieu of performing precperational tests in the recirculation
mode in conformance with Regulatory Guide 1.73, the applicant
performed a separate scaled test series to demonstrate vortex
control and pressure drop characteristics in the containment
building sump area. The experimental pressure drop characteristics
thus obtained were then combined with system pressure drop
characteristics obtained from presperational tests drawing water
from the BWST to provide an experimental basis to assess the

as-built system performance.

Losses asscciated with the screens and sump were higher than
predicted in design. Piping losses were generally less.

Table 6.2-11 of the FSAR presents a tabulation of available and
required NPSH values for various operating modes and conditions.
The required NPSH values for the pumps are based on test valyes.
The available NPSH valyes are based on a conservative inter-

pretation of experimental results.

The staff concludes that the 4.63 ft NPSH margin for the decay heat
removal pumps will assure reliable operation in the recirculation

mode.
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Makeup Tank [solation

In the event of an ESFAS signal, the operating makeup pump continues to
function in the ECC mode as a high pressure injection pump. Following
procadure, the operator closes an isclation valve between makeup tank
and makeup or HPI pump as a first step following ECCS actuation. The
staff evaluation indicated that, 1) it the operator closed the valve

toc quickly, it was possible for the pump to cavitate because the

water supply from the BWST had not been established, 2) if the operator
failed to isolate the makeup tank, there was the possibility of hydrogen

cover gas being drawn into the pump and reactor.

The applicant has commited to automate isclation of the makeup
tank prior to second operating cycle. He will provide redundant,
safety grade va.ves with a closure time selected to assure that
flow from the BWST has been established before isclation. Auto-
.ic isolation of the makeup pump recirculation lines will also

be provided to assure full HPI flow.

Procedural and system changes have been made to assure safe operation
during the interim period. Redundant safety grade valves have also been
installed in the makeup tank hydrogen cover gas charging line.

This will prevent overpressure or continued pressurization of the

makeuo tank, should a LOCA occur while charging the makeup tank.



Analysis has been presented which demonstrate that if the tank

is properly charged each time it is refilled, isolation would nct
be required to prevent hydrogen outflow. The analysis spanned
the period from ECCS actuation unt!! after switchover to the
recirculation mode (35 minutes or more after the break).
Procedures and Timits for filling and pressurizing the makeup
tan¥ conditions are consistent with the assumptions used in

the analysis.

Closure time for the makeup tank isolation valve and opening
time for the BWST isolation valves are identical. Should the
cperator initiate closure of the makeup tank isolation valve
concurrently with the ECCS actuation signal, there would be no

interryption in the wa*e~ supply to the pump.

8ased on system changes, administrative procedures, and the time
available for operator actions, the staff concludes that the
isolation of the makeup tank following a LOCA is acceptable

during the first fuel cycle. Modification of the isolation system

to be incorporated prior to the second operating cycle is acceptable.
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™I-2
SER SUPPLEMENT No. 2

Steam Line Break Analysis

In order to justify plant operation until the first refueling, the
applicant has provided analyses of the steam line break applicable to the
first fuel cycle when a 2% aK/X minimum shutdoun margin can be maintained.
No credit was taken for the operation of nonsafety-grade egquipment in

the secondary syStem TO mitigate the conseguences.

Two periods during tne zransient were identified as critical
relative to fuel damage. During the first period, from 0.8 seconds
to 5 seconds after the break, a portion of the core departs from
nucleate boiling until reactor power is significantly reduced by
control rod insertion. Later in the transient, the continued zool-
down of the moderator causes return to subcritical power. Boron

injection from the core flooding tanks terminates the loss of subd-

critical margin.

Conditicns for departure from nucleate boiling early in the transient
were maximized by assumptions regarding first fuel cycle reactivity
feedback, initial steam generator inventory, break size and break
lTocation. Maximum runout feedwater flow and 2 second initiation of

emergency feedwater also act to maximize the rate of heat transfer

from the primary system.
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The reactor was assumed operating at 102% power at break initiation.
Selection of the most adverse (beginning of first cycle) reactivity
feedback parameters permitted a slight power escalation to occur during

the early portion of the transient. Reactor coolant pumps were assumed

to start coasting down at break initiation. Analyses performed with

the assumptions outlined above led to less than 3% of the fuel experiencing

ONB during the first five seconds.

The return to power period of the transient was analyzed for the case
with the reactor coolant pumps continuing to operate as well as assuming
a four-pump coast down coincident with the break, End of first cycle
and moderator temperature reactivity feedback parameters were assumedi
Control rod worth was based on the minimum shutdown rod worth of 2% é?
at hot shutdown conditions with the most reactive control rod stuck

out. Conservative assumptions were mace relative to boron injection

from the core flooding tanks and high pressure injection pumps.

For the period following reactor shutdown, the minimum ONBR was 2.09
occurring at 28 seconds for the case of continuing pump operation. For
the reactor coolant pump coastdown case a minimum ONBR of 1.93

occurred at 65 seconds. The staff concludes that no additional fuel

failure would be expected during the return to subcritical power period.

An investigation was made to assure that fuel experiencing ONB during the
initial portion of the transient would not expecrience fur . er damage
during the return to power. It was determined that DNB would occur only
on the upper porticn of the rods during the early transient leading

to peak clad temperatures of 1260°F at 8 seconds. The cladding temperature

-



decreased thereafter due to convective cooling. Rewet was not
assumed. OQuring the return to power, axial peaking cccurred some six
feet Tower in the core with little or no effect on the previously
heated region. No additional fuel damage would be expected

during the return to power.

It was determined that a coclable geometry would be retained for

the fuel rods entering DNB. The calculated peak cladding temperature
of 1260 F coupled with the low differential pressure between the

rod internal pressure and the primary coolant, precludes massive
disruption or disintegration of the cladding due to oxidation

embrittlement, bursting, or other potential failure mechanisms.

Three compyter codes were used to accomplish the analyses. The
POO07 code was used to determine reactivity feedback parameters.
Svstems analysis was performed with TRAP2. Core thermal and hydraulic
calculations were performed with RADAR. Several iterative fnteractions

were required to converge upon the results presented.

The RADAR and PDQC7 codes hav: ceen reviewed and approved by the staff,
The TRAP 2 ccde is currently urder review by the staff. [t is not
expected that any method revisions required by the staff will dis-
credit the overall conclusions derived from these analyses. However,
any method revisions required by the staff review will be applied

ty this plant.
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Tne stafr nas concluded that ccrser.ative analyses nave demonstrated
that less than three percent o7 the fuel will experience damage.

The damage would not be expected to result in loss of coolable
geometry. An independent evaluation by the staff concluded that
radiolegical consequences of this accident are acceptable. This

determination applies to operation only until the first refueling.

Seconuar, Systam vic - .0

The applicant's program for modification of the secondary system
prior to start of the second orerating cycle is provided in
reference 2. The present design of the secondary system does

not include safety-grade equipment tc mitigate the conseguences
of a steam line break. In the previous section, it was justified
that such equipment was not required during the first fuel cycle,
pi‘marily due to reactivity control available during the first

fuel cycle.
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The 2lant changes as currently proposed by the applicant would

provide redundant safety-grade feedwater isolation valves located

in seismic Category [ areas. Whether check valves currently in the
feedwater lines will be replaced or retained has not been determined.
The staff concurs that the feedwater isolation valve change will
satisfy staff requirements as identified relative to Issue 1

in NUREG-0138.

The final design must be in accordance with applicable seismic and
quality group requirementz, and with 1ESE-279 and IEEE-208 requirements.
New safety analyses will be required for both the steamline break
and feedwater line break. These must demonstrate that the modified
system will meintain the consequences within acceptable limits under
the most severe combinations of assumed conditions. The reanalyses
will apply to secondary system breaks for the remainder of the life

of the plant.

The staff concludes that the modification program will lead to an
acceptable secondary system design. Staff review and approval will

be required relative to the analyses and the classification of systems
and components. e require that this program be completed prior to

start of the second operating cycle.



15.2.2.2 Long-Term Cooling Following A Steam Line Sreak

The ability to achieve a long-term cooling condition following a
steam line break was investigated during the review. [letailed
analysis of events through 75 seconds has indicated that conditions
critical to fuel failure occur prior to 75 seconds. As noted in
Section 15.2.2, the period from 0.8 to 5 seconds was the only time
period for which fuel failure was predicted. Conditions later in
the accident when the minimum subcritical margin cccurred did not

produce additional fuel failure.

The applicant discussed conditicns after 75 seconds, noting the
following:
1. High pressure injection would result in the reactor coolant
system becoming water solid 10 to 15 minutes after tne break

assuming no operator action is taken.

2. There is the possibility that natural circulation flow would

be Tost due ‘o voiding in the reactor coolant piping.

It would be expectcd that for the period between 75 seconds to 125
séconds the secondary system will continue to blow down and the
F~imary system will continue to depressurize. With MSIV closure
at 125 seconds, the unaffected steam generator is isolated and will
begin to repressurize since auxiliary feedwater and heat rejection
from the primary system would be available. The repressurization
would centinue slowly until the secondary system safety valves
begin to open. After 125 seconds, the primary system slowly
reneats from about 400%F at the rate of 2° to 3°F per minute. When

the system becomes water solid at 10 to 15 minutes, the pressure will
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rise quickly to 2500 psig (safety valve set point) and continue to
heat up. Both the primary and secondary systems will continue to
release mass and energy from their respective safety valves until the
operator terminates HPI flow and the heat release from the secondary

system exceeds the decay heat.

The sta“f has considered the poscible loss of natural circulation and
agree that no 2aditional fuel failures are likely as the core remains
covered. Reactor coclant pump coastdown and circulation resulting

from HPI injection would als> contribute to maintaining adeguate cooling.

The pressure in the primary system reaching the safety valve set point
value and the system pressure maintained at that value for a period of
time poses two concerns which are not of immediate concern but will
require additional studies. Since the vessel is at a relatively low
temperature when the system is repressurized, the reactor vessel

material has less toughness at these lower temperatures and as such is
more susceptibie to failure at lower temperatures than at normal operating
temperatures. The applicant has confirmed that the fracture toughness
requiremer.ts specified in Appendix G would be satisfied for any steam

line break transient during the first five years of operation.

The staff is proceeding with a generic review of reactor vessel
pressure transient protection and a PWR main steam line break core
and primary coclant boundary response. It is planned to complete
these generic reviews by August 1979. On this basis, any addi.ional

requirements for plant modifications or changes in operating procedures



would be identified at least three years before the appiicant's
conclusions regarding reactor vessel fracture toughness analyses would

have tc be reconsider.a.

A second consideration is the large pressure gradients (~2500 psi)
across the steam generator tubes than can result as a consequence of

a steam line break. The staff has considered the effect of this
.preSSure drop on tube leakage and integrity. It has been determinecc
that increased pressure would not affect dose calculations and that

a single through-wall crack which would permit a one gpm leak would not

propagate to tube failure.

The staff ccncludes that long-term cooling can be achieved following

a steam line break. In addition, the applicant has agreed to reevaluate
his conclusions regarding reactor vessel toughness and the staff

expects to complete its generic review of veésel fracture toughness

well in advance of any significant changes in fracture toughness of

of the Three Mile Island Unit 2 vessel.

15 2.8 Feedwater Line Break

The applicant has analyzed events assuming loss of &  feedwater and
the case of a feedwater line break inside of containment. A feedwater
line break outside of containment was considered representative of

the Toss of feedwater event since check valves provided in each line
would Timit backflow to the break. The results of the analyses for
both events indicate adequate margin relative to potential fuel damage

or overpressurization of the primary system.



A series of design changes have been made in the secondary system
directed toward mitigating the consequences of a steam line break.
Although the feedwater line breaks have not been reanaiyzed considering
these changes, the staff and applicsnt have reviewed the impact of

such changes on the original analyses. .. has .een determined that

the changes would not make consequences more sevare.

The modifications to the secon'ary ¢ tem tr - implemented before
the start of the second fuzl cycle {15.2.2.1) could affest the plant
respense to feedwater line breaks, especially if check valves are
removed. The timing of isolz on valves could alsc affect the

consequences.

The staff has concluded that the feedwater line break analyses
provided in the FSAR are acceptable for the first fuel cycle. Prior
to the second fuel cycie, reanalyses of the modified system must be
provided wnich demonstrate that feedwater line break consequences are
acceptable relative to fuel damage and primary coclant boundary

integrity.



