VERMONT YANKEE
NUCLEAR POWER CORPORATION

J.S. Nuclear Regulatory Commissio
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Attn Office of Nuclear Reactor Regulation

In accordance with a recent verba request from your staff, I have
enclosed, for your information, a copy of our "Report on Containment Safety
at Vermont Yankee'", dated April 29, 1988. We are not requesting your

review of this document.

This report was generated by our Public Relations Department to sum
marize and describe the current status of all our Containment Improvement
Severe Accident initiative items for the State of Vermont. It is not a
technical report and therefore does not represent a definitive follow-up

effort to the "Vermont Yankee Containment Safety Study”

, dated Auqust 1986,
which was previously reviewed by your staff. As described in our March
1988 letter to your staff, Vermont Yankee will await the NRC's pending for

mal guidance prior to resoiving any other severe accigent i1ssues.

hesitate to contact me,
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INTRODUCTION

This report gives a comorehensive review of the siatus of
containment safety at the Vermont Yankee nuclear power plant in
Vernon. The starting point is the Containment Safety Study
conducted by Vermont Yankce n 1986, Each issue or
recommendation covered in i(hat study, the several reviews of that
study, the studies done at oth* plants, and, finally, any
recommendation frem any cre. itable source, has been carefully
evaluated and acted upon. The evaluation has been done by a
Containment Safety Task Force made up of engineers and operators
with not only theoretical expertise in nuclear power plants but also
detailed, current technical and operational knowledge of the
Vermont Yankee plant. The evaluation has been done in a thurough
and highly disciplined manner. The report tracks a recommendation
or issue through to a schedule for implementation if a change was
evaluated to be beneficial. This report summarizes all major activity
on issues bearing on containment safety at Vermont Yankee which
have occurred over the last two years.

I. BACKGROUND

On June 30, 1986, Vermont Governor Madeleine Kunin asked
the Vermont VYankee Nuciear Power Corporation to conduct a
containment safety study of the Vernon generating station. The
Governor requested that the study be done quickly, and it was
ultimately agreed that the study would be completed in sixty days.
Vermont Yankee immediately acted upon her request and informed
the Nuclear Regulatory Commission that it would transmit to the
federal agency a study which would include a design review of the
Vermont Yankee containment, a specific evaluation of the probability
of a Vermont Yankee containment failure under severe accident
scenarios involving core melt, and a review of the current status and
possible improvements to the containment in the areas of hydrogen



control, containment sprays, pressure relief, core debris control and
emergency procedures (see J. G. Weigand letter to Harold Denton,
June 30, 1986).

Vermont Yankee also promised the NRC to continue its active
participation in the "Industry Degrad.d Core [ ulemaking” (IDCOR)
group and Boiling Water Reactor Owners Group (BWROG), particularly
those activities that address reactor containment issues, so that it
could benefit from the latest developments in technolcgical research.

At a meeting in Montpelier, Vermont Yankee officials informed
both Governor Kunin and the NRC on how it wouid go about
conducting the sixty-day study. The first tusk would be to document
and describe the Mark I's design and operational features as used in
the Reactor Safety Study (WASH-1400). Vermont Yankee would
then document and describe the Vernon plant's Mark I design and
operational features as originally built, and to tabulate all design and
operational modifications, affecting containment capability, made to
it between the plant's original design and current status . Finally the
study would document and describe Vermont Yankee design and
operational differences from the Mark I plant used in the Reacter
Safety Study. Another task would be to evaluate the differences in
design and operation between the Mark I containment analyzed in
WASH-1400 and the carrent Vermon: Yankee containment, and
then to estimate the Vernon plant's specific conditional failure
probability. Finally, the sixty-day study would examine areas of
containment safsty concern, then recently identified in discussions
between the nuclear industry and the NRC in a Bethesda, Maryland,
meeting on June 16, 1986. Company officials noted that, for each
"concern,” the specific application to Vermont Yankee would be
examined and any practical and beneficial design modifications te
the Vernon containment would be considered.

On July 17, 1986, Vermont Yankee officials announced the
names of four outside engineering groups which were participating
in the sixty-day study: Yankee Atomic Electric Company, General




Electric Company, Delian Corporation, and Fauske and Associa’
Company officials pointed out that this team would bring two
important areas of experti:e to the containment safety study
knowledge of the specific design and operational features of the
Vernon plant, and knowledge of severe accident phenomer and
resulting containment p. “formance. Yankee Atomic engineers had
worked with Vermont Yankee engineers throughout the original
construction and subsequent operation of the Vernon plant. The
General Electric Company had been responsible for the original plant
design and also provided engineering services to Vermont Yankee
during its operation. The Delian Corporation brought specific
expertise in systems reliability analysis and in probabilistic risk
assessment to the study team. Fauske and Associates were
recognized experts in reactor safety phenomenological analyses and
incorporation of these analyses into comprehensive plant evaluation
models. (Later, other experts would join the engineering and
scientific team: Risk Management Associates and the firm of Pickard,
Lowe and Garrick.) The product of this joint study venture, company
officials announced, would be submitted to the NRC for its review

and evaluation.

Even before completing the study, Vermont Yankee announced
on August 13, 1986, that it would incorporate three modifications at
the Vernon plant which would enhance the plant’s containment
safety. The changes invoived implementing new safety procedures
in two areas: maintain the safety of the plant should all AC electrical
power be lost; and, involving the cross-connectior of the plants fire
protection system to supply cooling water to the containment's
sprays. Also, a guideline for venting the containmert in the case of
abnormal pressure build-up was developed. Vermont Yankee
officials pointed out that these procedural and guideline
modifications could be implemented relatively quickly because they
did not require a lengthy cngineering review and analysis and

because they were immediately apparent as a safety enhancement




Vermont Yankee said that it would introduce these safety
changes at the Vernon plant with the assistance of the consulting
firm of Advanced Science and Technology Associates, Inc. (ASTA) of
Solana Beach, California. ASTA provided management, training and
engineering services to the nuclear industry and government
acencies, ASTA's efforts would cost Vermont Yankee about $60,000
and would take about thirty days to complete. Company officials

pointed out that to do the job itself would take six times as long.

On the morning of September 2, 1986, Vermont Yankee
announced it had finished its containment safety study and had
submitted it to the NRC for evaiuation. A copy of the study was also
sent to the State of Vermont. Vermont Yankee president J. Gary
Weigand addressed a gathering of reporters at company
headquarters in Brattleboro, informing them that the sixty-day study
concluded the Vernon plant was "much safer than previously
characterized." The study determined that the conditional failure

probability of the Vernon plant was once every 500,000 years. Mr
Weigand noted that this corresponded to a 7% conditional failure
probability in the unlikely event of a serious accident leading to core
melt. The Vermont Yankee president said that, although the study
showed that Vermont Yankee's containment had an extremely low
probability of failure in a core melt scenario, the likelihood of a
serious accident leading to core melt was about once every 300,000
years. (This meant the likelihood of an accident leading to core melt
and then to containment failure was orce every half-million years

Vermont Yankee's containment safety study attributed the
superiority of the Vernon containment to the containment referred
to in the WASH-1400 study to five factors: the ratio of the
containment size to the reactor size is much larger at Vermont
Yankee than the referenced plar:: the ratio of the size of the

emergency pumps to the rea size i1s much larger than the

referenced plant; the Verno ant has a plant-unique flexibility 1in

its cooling water systems; the Vernon plant has a special electrical

power source from the nearby Vernon hyrdostation; and, Vermont




Yankee has made modifications and upgrades to its containment
since the WASH-1400 study was first issued.

The containment safety study not only calculated Vermont
Yankee's own conditional failure probability but also produced
recommendations for procedural and design modifications to
improve the Vernon plant's containment. These would have to be
submitted to intensive engineering and design analyses. Among

others, these included (besides the previously announced changes):

procedure for restoration of AC electrical power following a station

blackout; a repair procedure for the restoration of the Vernon
hydroelectrical station's tie line to the Vermont Yankee plant; a
procedure for conserving and switching DC power ‘ollowing a statiou
blackout; a procedure for manual reactor depressurization following
a station blackout; a procedure to align the diesel-powered fire pump
for reactor vessel injection following a station blackout; a procedure
to control power and reactor vessel water level following an
"anticipated transient without scram” (ATWS) event; an upgrade of
the Emergency Operating Procedures (EOP) based on the guidance
provided in Revision #4 to the Emergency Procedure Guidelines
developed by the Boiling Water Reactor Owners Group (BWROG);
operator guidance and training on the response of the residual heat
removal system (RHR) pumps to high suppression pool temperatures;
a containment-torus vent path; an upgrade of the valve operators for
containment spray and reactor vessel injection capacity, a nitrogen
supply system to the reactor's safety relief valves; and, continued

service water system capability for post-accident operation.

In late October, 1986, the Nuclear Regulatory Commission
responded to the Vermont Yankee containment safety study in a 26
page report. The NRC stated that Vermont Yankee did provide
evidence showing the Vernon plant to be safer than previously
characterized. The federal agency's evaluation noted that the Vernon
containment is "more capable of performing its function during
severe accidents than previous assessments of Mark [ type

containments would indicate.” In a cover letter to the NRC




evalvation, Robert Bernero (then head of the NRC's boiling water
reactor licensing division) concluded that Vermont Yankee's
estimated conditional failure probability for the Vernon containment
could be considered reasonable, based on the NRC staff's experience
with other BWR probabilistic risk asssessments (PRA's). The report
did find that the Vermont Yankee sixty-day study did not include an
analysis of uncertainties in its methodology, computer codes and
engineering judgment. The NRC said that safety enhancements to the
Vernon containment discussed in the Vermont Yankee study were
‘consistent with the type of improvements considered by the [NRC]
staff." The NRC agreed with Vermont Yankee that future analyses
should be performed to test the feasibility and effectiveness of
implementing these enhancements. The NRC said that with "modest
improvements” to the containment the likelihood of containment

failure could be reduced even more.

Meanwhile, Governor Kunin had asked for a "second opininn”
on Vermont Yankee's containment safety, and hired Peter R. Davis of
PRD Consulting in Idaho to review the Vermont Yankee study. On
October 30, 1986, Peter Davis submitted his review to the
Department of Public Service. Davis said that he considered the
Vermont Yankee study "to prescnt a reasonable estimate of
containment failure probabilities from severe accidents which could
be initiated from internal events only." Davis further stated,
"Although the [Vermont Yankee study] does not provide any
unc:rtainty analysis, and this i¢ considered a major deficiency
based on selected sensitivity studies and comparisons performed as
part of this review, the [Vermont Yankee study's] probability results
for internal events appear to be generally consistent with present
knowledge regarding severe accident behavior and within the range

of large uncertainty associated with such behavior.

Peter Davis offered his own reco. jations to improve
containment safety His suggestions, as well as recommendations on
containment modifications from NRC and industry sources and the

Vermont Yankee Containment Safety Study itself, were then




submitted to be analyzed for implementation by a group of Vermont
Yankee and Yankee Atomic engineers. The group, known as the
Vermont Yankee Containment Task Force, began its deliberationt in
March, 1987. Before considering the Task Force's mission and
methodology, it is beneficial to review the context in which the Task
Force operated, especially with regard to NRC arnalyses, industry
studies, and other nuclear utilities addressing their containment

satety program.

II. NRC STUDIES

\ In 1985 the Nuclear Regulatory Commission issued the Severe
Accident Policy Statement which outlined the NRC approach in
assessing the risk to the public from severe reactor accidents. This
policy statement concluded that the risk of current reactors was low
and that no immediate action was necessary to modify nuclear units,
but the NRC suggested that research be continued to examine
possible issues related to severe accidents, The results of this
research would be evaluated to see if any mandaied modifications

might be needed

Since the initial Reactor Risk Assessment known as WASH

1400 was completed in 1975, the risk assessment techniques utilized
in its preparation have been widely applied in subsequent plant
Probabilistic Risk Assessments by groups in standardizing and
verify ng assessment techniques Most significantly, these
assessment techniques are the basis for a very large scale effort now
in progress to prepare the replacement for WASH-1400 [his
replacement will be the Reactor Risk Reference Document (NUREG
1150). NUREG-1150, in addition to reflecting the current state of
knowledge, will provide quantitative ranges of uncertainty of 1ts
results and will identify important "issues” that should be considered
for research und analysis lhese issues generally apply to

. pbenomena which have potential for substantial reductions in risk or

uncertainty. NUREG-1150, the Reactor Risk Reference Document, wili




analyze the risks associated with five basic types of US commercial
reactors by performing a detailed assessment of five surrogate
plants. These assessments are being performed by the NRC research

staff and the national laboratories (Brookhaven, Sandia and Battelle)

This document, now in draft form and under review, has
provided the source of extensive news media coverage and public
debate. Recause the material in NUREG-1150 has become a source of
some public concern, it is important that it be understood by those
associated with the operation of nuclear power plants and persons in
nosition of responsibility for public policy. The draft results of this
study so far suggest that Mark I boiling water reactors represent a
low risk to the public as compared to other types of US nuclear
plants and naturally occurring hazards, and are within the safety
goals published by the NRC in 1936,

In order to understand NUREG-1150, it is necessary to

understand the fundamental difference between a risk assessment

like the NUREG and an engineering analysis. In an engineering

analysis, universally accepted codes and standards are applied to
determine if a particular structure meets the required margin ol
safety. In a risk assessment, the failure of the structure is “forced
occur. The probability of this forced occurrence is then determined
by the event probabilities of individual mechanisms which are seen
as causing the postulated forced occurrence. Thus, only two
meaningful results of risk assessment are provided. First, the
probability of the failure, which together with the consequences,
quantify risk, and, secondly, the identification of potentially
important mechanisms for this failure, which then become
candidates for additional review. Simply stated, these risk
assessments start with the failure as a postulated basis and do not
form a basis for a conclusion as to whether or not failure will occur
l'his underlying concept that failme is assumed, which is unique to
risk assessment as opposed to an engineering analysis, can make the

result very misleading if the concept is not understood




As part of the methodology used in the risk analysis of
containment safety in NUREG-1150, the term "conditional
containment failure probability” was defined. This term has a
narrow meaning and is not at all the probability that the
containment will fail. In fact "conditional containment failure
probability” can increase as a result of plant modifications which
cause the actual containment failure probability to decrease.
Although this "conditional containment failure probability” does have
meaning to those performing risk assessments, the term has very
little value as an independent measure of nuclear plant containment

safety.

While there are many types of results and methods of
displaying them, the display provided in the draft NUREG which most
clearly gives an indication of the safety of a containment is that
which shows the risk to an individual within one mile of the plant.
Fhis is an integrated result of all factors which lead to the ultimate
failure of the containment and produce a significant radioactive
release. Utilizing this measure, the Peach Bottom plant, which is the

surrogate for Vermont Yankee, is found to be the safest.

Since this NUREG-1150 risk assessment requires the
assignment of probabilities to events that have never happened, one
of the useful results is the identification of events which are

particularly harmful, regardless of the probability. These events can

be the subject of further analysis to investigate potential risk

reduction measures

Two such areas were identified and have been the subject of
considerabls review. The first was the ultimate failure strength of
the Mark I containment. The second was the attack of molten
reactor fuel on the steel containment. The results of these reviews
have shown that the concern over these events could be
substantially reduced owing to a greater strength than assumed for
the containment and the lack of sufficient energy in the molten fuel
to reach and damage the containment wall. Probabilistic risk

assessments will identify other mechanisms of failure because of, as




discussed earlier., the nature of these assessments. As events or
mechanisms which contribute to "Conditional Containment Failure
Probability” are eliminated, this probability may increase or

decrease.

Many other NRC efforts are in progress relating to containment
performance. Owing to the comprehensive nature of NUREG-1150,
these efforts have been or will be encompassed by this document
l'o date, however, there is no quantitative assessment which
indicates that BWR Mark [ plants represent a disproportionate or
unacceptable share of the risk to the public as compared to other

reactor plants or other types of risks.

[II. BERNERO CONCERNS

While the NRC was drafting the NUREG, Robert Bernero made
known his five "concerns" which he felt should be addressed with
fairly simple modifications initiated by utilities operating Mark I

BWR plants. Vermont Yankee acted on each of these concerns:

1. COMBU STIBLE GAS CONTROL - PREVENTION OF HYDROGEN
CAUSED EXPLOSION.,

INITIATIVE: During operation, the Vermont Yankee
containment remains inerted with nitrogen [his removes the
potential for hydrogen and oxygen buildup to an explosive

concentration. Vermont Yankee's license allows it to remain Je

inerted for brief periods at startup and at shutdown. This provides

plant workers a safe environment within the containment structure
for conducting safety inspections or operating equipment
Historically, this has led to the containment being de-inerted for only

1.1% of the time.




2. CONTAINMENT SPRAY - THE ABILITY TO PROVIDE Al LEAST
TWO WATER SUPPLIES FOR CONTAINMENT SPRAY: ONE OF WHICH TO
BE FUNCTIONAL DURING STATION BLACKOUT.

INITIATIVE: Vermont Yankee has two backup water supplies
for containment spray. One of these, the fire water system, uses an
independent diesel engine to provide water when electrical power is
lost. Although Vermont Yankee maintains the ability to pump water
in the event electrical power is lost, certain valves would require
manual operation. Vermont Yankee conducted the design work to
provide control room operation of these valves through the
utilization of a third, installed diesel generator. The implementation

of this modification will be pursued on a priority schedule.

3. CONTAINMENT VENTING - PREVENTION OF CONTAINMENT
OVERPRESSURIZATION BY WETWELL VENTING.

INITIATIVE: Vermont Yankee has developed guidelines and
trained personnel on the use of existing plant piping to vent the
containment. This method removes gases through the wetwell and
subsequently provides a vent path to the 318-foot stack. Vermont
Yankee previously completed a conceptual design that would provide
additional venting capabilities during a total loss of AC electrical
power, Venting is an ongoing industry issue in which Vermont

‘ankee is playing an active role.

4, CORE DEBRIS - USE OF BARRIERS TO PREVENT A MOLTEN
CORE FROM PENETRATING THE CONTAINMENT.

INITIATIVE: The use of barriers to prevent a molten core from
penetrating the containment steel has been fully analyzed. Vermont

Yankee has a similar size drywell and reactor vessel as the Peach

Bottom plant analyzed in the WASH-1400 report, yet has less than

half the fuel. Based on the size of Vermont Yankee's core and the
geometry and size of its containment, Vermont Yankee concluded

that the molten core would not reach the containment wall,




5. SEVERE ACCIDENT PROCEDURES - IMPLEMENTATION OF
REVISION 4 OF THE EMERGENCY PROCEDURE GUIDELINES.

INITIATIVE: Vermont Yankee developed procedures and
trained operators in all applicable areas of severe accident
mitigation. Included were such procedures as Restoration of
Electrical Power, Operation of Vital Electrical Equipment, Use of
Backup Containment Sprays, and Containment Venting Guidelines.
Revision #4 of the Emergency Procedure Guidelines has been
submitted to the NRC, and, when approved, will be incorporated in

the Vermont Yankee emergency procedures.

IV. INDUSTRY STUDIES

In addition to the work being performed as part of NUREG
1150 principally by the NRC research division and the national
laboratories, the nuclear industry has sponsored several related
activities. The chief effort was undertaken by the Industry Degraded
Core Rulemaking (IDCOR) group. The major areas addressed by this
group were the quantification of the radiological aspects of reactor
accidents as well as the development of a standardized methodology
that could be utilized in the performance of plant specific risk
assessments. As far as the quantification of radiological hazards,
there is a consensus of agreement with IDCOR that these hazards
have been overestimated in past assessments. Specific computer
codes used to predict these results are, however, subjects of ongoing
review with the national laboratories. The IDCOR plant risk
evaluation methodology has also been basically accepted but the use

of specific computer codes to predict some relevant phenomena 1s

still being reviewed. These two IDCOR activities provide

fundamental elements necessary before there can be an NRC

program of performing individual rick assessments for all plants




A smaller but more focused segment of the nuclear industry
comprised of owners of GE boiling water reactors has specifically
addressed the Mark I safety question. This group (BWROG) utilized
the existing probabilistic risk assessments for Mark [ planiz as well
as the current knowledge of plant and containment performance.
Specific events or mechanisms which were identified as potential
major contributors to risk were reviewed as to their validity and the
impact of various modifications to eliminate or mitigate them

regardless of their vahdity.

The results of the BWROG efforts substantiated the Vermont
Yankee analysis results and came to the conclusion that there were
no major modifications that should be mandated. The owners group
provides another opinion supporting the general consensus that the
BWR Mark I does not stand out as an "outlier” (i.c., representing a
larger than expected risk level) and, thus, there are no major
modifications that are required presently or in the foreseeable
future.

V. PILGRIM AND SHOREHAM

lhe Pilgritn plant in Massachusetts has a GE boiling water
reactor with the Mark I containment. Pilgrim officials have reviewed
many of the same issues as have been considered at Vermont
Yankee. The initiatives undertaken by the Pilgrim staff to make
plant modifications are directed toward being responsive to draft or
preliminary NRC positions on BWR containments. One of the major
plant modifications was the addition of piping from the torus vent
line to bypass the low pressure filtration system (Standby Gas
[reatmeni System). This allows gas at containment design pressure
to be exhausted to the plant's stack. This system has been installed
with the exception of one valve which would actually connect this

new piping to the containment. This final step is pending NRC

approval. The prospects for this approval and the methodology for

obtaining it are not clear




The Pilgrim plant apparently has no current plans to install a
core debris barrier. Since Pilgrim has access to the same assessment
and research information as Vermont Yankee, Vermont Yankee
officials presume Pilgrim's decision not to proceed with this
modification would be parallel to Vermont Yankee's decision on a
core debris barrier (see Chapter Eleven). Almost all other
modifications currently planned at Pilgrim have been or will be
accomplished at Vermont Yankee, including expanded functions of
the diesel-powered fire pump to supply reactor pressure vessel
injection and containment spray, and provisions for an additional
self-contained diesel engine.

The other BWR plant at which a major modification has been
planned is Shoreham in New York. Considerable analysis has becn
accomplished to study the effectiveness of various types of

containment vents. Whiie Vermont Yankee cannot determine the

e
technical basis for their particular choice, Shoreham officials have

apparently opted to install a very large filter (120" x 40'). This
activity is at such a preliminary state that very little, if any,

information would be applicable to Vermont Yankee.

VI. CONTAINMENT TASK FORCE

The Vermont Yankee Containment Task Force (made up of
engineers and operators from Vermont Yankee and engineers from
the Yankee Atomic Electric Company, Nuclear Services Division) was
created as part of an aggressive program to collect and resolve issues
associated with the Vermont Yankee's plant response to severe
accidents. The Task Force collected and then carefully evaluated
recommendations for containment modifications from the Vermont
Yankee Containment Safety Study, the ASTA report, industry and
NRC studies, Peter Davis's review and endeavors by other nuclear
utilities. The Task Force characterized the initially unresolved
Containment Sufety Study recommendations by four basic attributes

that affect: public safety, personnel safety, plant capacity factor, and




required resources. Each of these attributes was further refined by
its own qualifiers, such as installation, testing, effect on events and

systems, and costs,

The Task Force decided that a formal process was needed to
evaluate the containment issues. The evaluation was to be based on
what attributes should be considered when assessing the possible
impacts of resolving an issue; how are the impacts assessed (ranging
from individual judgment to mathematical models); and, how are the
different impacts aggregated to determine an over-all impact. The
lask Force noted that a selection of a process depended on several
factors: the technological sophistication of the issues; the number of
issues; required accuracy; required reproducibility; required
defensibility; required documentation; availability of formal "tools”

schedule; and, the individuals participating in the evaluation process

l'he process used by the Task Force was developed during a
three-month period. The impact on each attribute (i.e., public safety,
personnel safety, plant capacity factor, and required resources) was
quantitatively described by a value from -10 to +10. A negative
value indicated an adverse impact; a positive value, a beneficial
impact. A -10 indicated an adverse impact ten times greater than a
| value; a O value indicated no discernible impact. This

dimensionless” scale was selected by the Task Force because of 1ts

usefulness. It allowed both positive and negative impacts to be

clearly noted. It allowed reasonable discrimination in the relative
impacts of different issues. A dimensionless scale was found
acceptable because the ranking is performed on a relative basis, not
an absolute basis. An issue cannot be eliminated solely on the basis
of its ranking. Reasons for early elimination, however, included:
over-all negative impact on public safety; adequately addressed by

another issue: or, not relevant to Vermont Yankee

'he Task Force scored its assessments on the basis of a
roundtable discussion (facilitated by structured attribute evaluations

sheets), an averaging of individual member's scores, and




consideration of evaluations oi issues scored earlier. This continuous
peer appraisal process proved to be very effective. The Task Force
took about twelve months to perform its mission. It closed out
thirty-seven containment issues. The Task Force's conclusions and
Vermont Yankee management's responses are the focus of the

following pages.

VII. CONCLUSION

A reader of this report should use the Vermont Yankee
Containment Study as a companion guide to understand the context
of the thirty-seven items addressed by the Containment Task Force
Also helpful as interpretative documents are NRC studies and drafts
on Mark I safety (i.e., WASH-1400 and NUREG-1150), a delineation of
the so-called "Bernero concerns,” and various industry sanalyses of

containment capability (i.e., IDCOR and the Boiling Water Reactor

Owners Group's Severe Accident Containment Integrity report

(SACI/BWROG)).

As with all technologies, it is essential that those associated
with nuclear power plants --in any way-- maintain a dynamic
perspective, lhere will continue to be areas of technical
disagreement among individuals and among regulators, laboratories
consultants and utilities, In most areas, a technical consensus will
ultimately be reached. Many investigations or studies are currently
being conducted, but in most cases these investigations will raise
new questions or uncertainties at the same time they are providing
answers lhe new questions or uncertainties are predictably less
important., What this means for Vermont Yankee is that, while we
have many issues to continue to investigate, the major areas have all
been covered and the technical evidence is that Vermont Yankee 1s a

very safe plant that will not require major modifications
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CHAPTER ONE
REDUCTION OF MAIN STEAM LINE ISOLATION

(Reference: Peter Davis's review, p.

Peter Davis, in the report of his review of the Containment
Safety Study, recommended that two courses of action be taken to
enhance containment safety as affected by main steam line isolation.
The Tzsk Force, in reviewing his recommendations, recognized that
previovs efforts had already reduced the frequency of the automatic

closing of the reactor's four main steam lines, on non-emergency

transients, by changing the licensed set points of certain isolation
valve signals which initiate the closing of these lines. The Task Force
also reviewed Vermont Yankee's procedures which permit reactor
operators to reopen these lines as soon as they determine that no
reactor system has a significant problem and that it is appropriate 1o
reopen them, The Task Force found that the ability of operators to
reopen main steam isolation valves had already been developed and
proceduralized. In other words, the two basic recommendations
made by Peter Davis were implemented previously by Vermont
Yankee. These earlier safety improvements were not specifically
discussed in the Containment Safety Study and probably were not
known to Peter Davis.

There are® four main steam lines or pipes leading from the
reactor to the turbine-generator and condenser. Each steam line ha
two primary containment isolation valves on it, completely
redundant and independent {rom each other, which are used to close
the lines, thus isolating the reactor and the containment. All of these
eight valves automatically close when they receive certain signals.
For example, if there is a signal of low reactor water level or low
main steam line pressure, this might indicate that a significant
reactor leak has occurred, and the valves would shut the lines
automatically lhe automatic signal to shut the steam line valves,

however, does not necessarily always indicate a major problem. For




example, a signal of low reactor water level may actually indicate a
malfunctioning minor component in the plant's feedwater system,
and not a major steam line leak. In the latter example, it may not be
beneficial for the valves to shut automatically because the reactor 1s
then isolated or closed off unnecessarily from the plant's condenser
The condenser serves as the normal heat sink or heat absorber for
the reactor and also as a mechanism to remove reactor pressure.
When the reactor is isolated, the containment heat sink (the torus)
must take over and handle the reactor's heat.

In weighing the pros ard cons of the above recommendations,
the Vermont Yankee Task Foice saw two important advantages in
favor of the recommendations. The Task Force concluded that
implementation of the recommendations would improve containment
safety by reducing unnecessary challenges to containment systems
(e.g., the safety relief valves, the pressure-suppression pool.). The
Task Force also concluded the reactor operators' flexibility would be
significantly improved by being able to call upon a variety of
systems throughout the plant to deal with emergencies, rather than
being confined tc depending on the containment systems to handle
reactor heat and pressure.

lhe Task Force discussed the disadvantages of the proposals,
but concluded that these negative points did not outweigh the

positive results of making such changes. One disadvantage

considered was that operators might make a mistake in deciding to
reopen the main steam line isolation valves. The Task Force decided,
however, that this scenario was implausible and highly unlikely,
since the Plant Emergency Operating Procedures are always followed
lhe conditions under which the main steam isolation valves
automatically shut have bLeen determined by elaborate studies to
produce a high degree of assurance that plant sitety will be

maintained. Chenges must be made with caution.

Vermont Yankee previously obtained NRC approval to reduce

the frequency of the main steam line valve isolations hese changes




included changing the set points of certain signals that cause the
main steam line valves to close automatically. The set point for
isolating the valves on a high flow signal was raised by
approximately twenty per cent. This was done to avoid unnecessary
main steam line valve isolation during certain surveillance
procedures. The set point for isolating the main steam lines on a low
reactor pressure signal was decreased to avoid an unnecessary
isolation should the reactor scram (or automatically shut down).
Vermont Yankee had previously implemented another change in
accordance with NRC-approved emergency procedure guidelines.
[his was to provide operators with a clear method to reopen a main
steam isolation valve should it close automatically unnecessarily.

There are also industry efforts underway to imprcve
containment safety in the area of main steam line valve isolation.

Vermont Yankee is involved in such initiatives as a member of the

Boiling Water Reactor Owners Group (BWROG) in evaluating actions 1o

reduce the frequency of unnecessary automatic shutdowns or
scrams. The industry, through the BWROG, has also evaluated and
iustified items to reduce unnecessary main steam valve isolation,
One important item that BWROG is pursuing is to eliminate such
automatic isolation from a high radiation signal. This proposal is now
with the NRC for review and approval. Vermont Yankee has
produced two proposals itself including a plant specific evaluation
endorsing the BWROG evaluation that would delete the high radiation
signal that currently causes the valves to close unnecessarily. This
will shortly be submitted to the MNRC for approval. The second
proposal from Vermont Yankee is to reduce the surveillance
frequency for main steam isolation valve "stroke” testing (i.e., closing
and opening the valves to determine their operability), since this
testing places the plant in a condition more vulnerable to inadvertant
isolations. This proposal is in draft form and is waiting for internal
review and final approval. The Task Force recommended that
Vermont Yankee continue to evaluate potential changes in main
steam line isolation valve closure signals and surveillance methods

and frequencies. If new findings result from this review, Vermont




Yankee should submit changes to the NRC for approval, following
internal assessment and approval. Vermont Yankee management

concurred that no other actions were necessary to conclude this

recommendation.




CHAPTER TWO

PROCEDURES AND TRAINING FOR CROSS-CONNECTING
DIESEL-POWERED FIRE PUMP TO THE RHR SYSTEM

(References: Containment Safety Study,
p. 149, 5.7.3(1), p. 83, 4.5.2,
p. 143, 5.6.53.1.C, p. 179,
6.2(5); ASTA, p. 8, V.C.2)

The Vermont Yankee Containment Safety Study and ASTA
recommended a review of the plant emergency procedures be
undertaken to ensure that adequate instructions be available to
operators to enable them to cross-connect the diesel-powered fire
pump to the residual heat removal system. This procedure, which
was revised at Vermont Yankee, enhances containmnent safety by
providing yet ancther back-up to the containment spray system, and
core cooling systems.

lhe above recommendation must be viewed in the context of a
sustained station blackout scenario which degrades to a severe

accident. This scenario assumes that the Vernon plant totally loses

its AC electrical power scurces. This means that no power 1is

available from %any of three off-site sources, including the Vernon
hydro station, and also from the two on-site diesel generators [he
diesel generators produce three-megawatts of electrical power and
are completely redundant and independent from each other. Under
these extremely adverse and highly unlikely conditions, only battery
power is assumed to remain. The high power necessary for electrical
pump operation is unavailable. Therefore, the normal low pressure
cooling systems needed to reduce the consequences of an accident
are unusable. During such a loss of power, the residual heat removal
system can be brought into operation for cooling using the available

high-capacity diesel-powered fire pump.




This pump is presently installed at the cooling water intake
structure of the Vermont Yankee plant site. The pump is a self-
contained, diesel-powered machine used as a back-up source of
water for the plant's fire protection system, drawing water directly
from the Connecticut River. It is a back-up pump to the electrically
powered fire pump. In addition to its use in the fire protection

system, through existing valves and piping the diesel-powered fire

pump can be lined up to draw river water which it then supplies to

the residual heat removal system in order to provide low pressure
core cooling and containment spray. Since the diesel-powered fire
pump is self contained and because the piping configuration
necessary for cross-connecting it to the residual heat removal system
can be set up manually, its availability is present even during station
blackout scenarios. The volume of diesel fuel supply on site ensures
coo'ing capability for several days. Not only does the capability
inherent in the existing equipment offer the immediate advantage of
an additional means of core cooling and containment spray, but also
through its use, core damage can be prevented while workers are
restoring the normal electrical power, thus restoring the normal
cooling equipment needed for a stable cold shutdown of the reactor

[he ability to use the diesel-powered fire pump for emergenc
core cooling and containment spray has been available and generally
understood for several years. The Vermont Yankee Containment
Safety Study and the ASTA report recommended that emergenc)
procedures be reviewed to ensure that adequate guidance be
provided to plant control room operators for ready use of the pump
during accident conditions in which the plant may be under the

highly unlikely condition of a station blackout.

lhe Containment Task Force concluded that procedural
guidance for plant operators would not only provide clear direction
during a station blackout emergency, but would also ensure
consistent operator response, thereby increasing over-all pla

safety. To have such a procedure 1s, in effect, 1o have yet another




safety system for the plant. A procedure requires that actions, as
well as consequences, be pre-reviewed and approved to bring about
a consistent and methodical--and therefore safer--approach to
setting up this alternate means of core and containment cooling.
Procedures further allow emergency response personnel to anticipate
actions and pre-plan subsequent actions. Training covers all
procedures ensuring that operating personnel are continually
refreshed in knowing what precise steps to take to line up the diesel
powered fire pump. This proceduralized capability is an important
improvement in protecting the reactor core and containment

structure.

The Containment Task Force did take into account the
disadvantages of giving additional, very detailed procedural guidance
to plant operators. According to the Task Force, additional

procedural guidance might restrict operators’ flexibility in

responding to emergency conditions. A "cook book” approach to
emergency response could divert attention from the actual
emergency by requiring strict adherence to procedures, which
become unnecessarily complicated and restrictive. But the Task
Force decided that only moderate changes were needed in existing
emergency operating procedures. The procedures already address
the need and means to cross-connect the diesel-powered fire pump
to the residual heat removal system and are now upgraded to be
sufficiently clear and specific.
y

lhe procedures were enhanced and no further study is
considered necessary by the Containment Task Force. Vermont
Yankee approved this disposition of the recommendation




CHAPTER THREE
REPAIR OF THE VERNON TIE LINE
(References: Containment Safety Study,

p.149, 5.7.3(3); p.121, 5.3.5.1.2;
p.179, 6.2(2))

The Containment Safety Study recommended implementing

plant procedures which would spell out how plant personnel could
repair the Vernon hydroelectric station tie line, if it should be
knocked out during a severe storm. The Task Force considered how
these procedures might improve the reliability of the tie line.

The Vernon hydroelectric station tie line is a dedicated line
that connects the Vermont Yankee plant and the Vernon hydro-
station, It can provide enough power to run either one of the plant's
emergency electrical distributior. systems. Any one of the
distribution systems can operate the safety equipment that would be
needed to prevent or mitigate a plant accident. Getting power from
the tie line would only be necessary if the plant, for some reason, lost
both of its independent diesel-generators and was not able to get
power from any of the three lines coming off the New England Power
Grid. The Vernon hydro station tie line can be placed in operation

directly from the Vermont Yankee control room

Vermont Yankee has a unique advantage in its close pro.mity
to the Vernon hydroelectric generating station. The Vernon
hydroelectric plant is a ten-unit station located one-half mile south
of the Vermont Yankee boundary line. It is connected to Vermont
Yankee by a dedicated 4160-volt transmission line (i.e., "tie line")
The line runs above ground until it reaches the plant boundary
It then runs underground to the Vermont Yankee plants emerge
electrical buses. This one, 3,300 KVA line is enough to supply all

emergency power loads needed to safely shut down the plant.




Although much of the Vernon tie line is underground, the exposed
portion could be vulnerable to severe weather conditions (e.g.,
hurricanes, ice and snow storms, etc.). The close proximity of this
reliable source of AC power, however, means that, even in spite of
storm damage, the tie line could be quickly restored to provide
needed electricity to Vermont Yankee to stop accident sequences.
Restoration could either be accomplished through repair to the line
or, failing that, through the installation of temporar; cables. While
repair or restoration efforts are taking place, additional accident
mitigation could be gained through conserving Vermont Yankee's
own DC power (i.e., normal battery power). DC power would serve to
keep vital instrumentation and certain safety system valves
operable.

l'he Task Force considered the advantages to implementing
these procedures: plant perscnuel directly under Vermont Yankee
control would be trained in tie line repair techniques and they would
have repair materials readily available. These efforts would be
intended to improve the over-all reliability of the tie line. Also, the

lask Force lnoked at disadvantages to implementing these

procedures. Establishing a formal procedure which is well within the
skills of the average qualified plant electrician could detract from
other priorities. Attention would be diverted to a fairly routine task
in place of continued emphasis on the more complex maintenance
skills that are gequired to operate the plant safely and efficiently

\n evaluation showed that repair of this type of power line is
routine work for all utilities and they have materials strategically
stockpiled and line crews available on short notice. Also, the lask
Force noted that many resources and materials are easily and readily
available from several nearby electrical utilities. Considering
possible accident scenarios, the Task Force concurred that there
would be plenty of time to obtain the necessary repairmen and
materia's from outside the plant, instead of having to call on
Vermont Yankee electricians. The Vermont Yankee Task Force noted
too that almost half of the tie line is buried and is not subject to

severe weather conditions The Task Force reviewed a study which




estimated the cost of burying the rest of the tie line would be about
$500,000.

The Task Force reviewed the skills of Vermont Yankee's
qualified clectricians and those of electricians from nearby utilities
and decided that neither more procedures nor more training for
Vermont Yankee electricians is warranted in preparation for this
relatively routine task. The Task Force also reasoned that because of
its location, historical severe weather patterns and the line's
reliability, there was no compensating benefit to the cost of burying
the remainder of the tie line. Vermont Yankee, however, has started
a program (since the Task Force looked into this matter) to "walk-
down" the tie-line portion that is above ground to identify and
remove any foliage or other obstacle which could damage the tie line
during severe weather. The Task Force ended its Investigation by
concluding that no further action was necessary. Ver.nont Yankee
management concurred in this recommendation.



CHAPTER FOUR
EXTENDING AVAILABILITY OF AC AND DC POWER SOURCES

(Reference: Containment Safety Study,
p.121, 53.5.1.2; p.179, 6.2 (1), p.149,
5.7.3 (2); p.121, 5.3.5.2; p.83, 4.5.2;
p.179, 6.2 (3); p.143, 5.6.53.1 a)

One of the recommendations coming from the Vermont Yankee
Containment Safety Study was to put in practice strategies for coping
with station blackout scenarios. This includes restoring AC power
and the conservation of DC power supplies. The recommendation
specified that such procedures should entail shedding non-essential
DC electrical loads, the identification of alternative DC supplies and
the methods for restoration of the transmission line from the Vernon
hydroelectric station, as well as all other possible power sources.

One dominant sequence leading to core melt and a threat to
containment integrity is the loss of all AC power (or station blackout).
Station blackout renders much of the normal safety equipment
inoperable for core cooling. As a result, over a period of hours, heat
buildup leads to core damage and, if prolonged, to containment
failure. But if AC power can be restored before core melting begins,
then such an accident can be prevented with no adverse
consequences. >High among the strategies for coping with station
blackout is the development of procedures for active restoration of
AC power from either on-site or off-site sources. Until such time as
AC power is restored, any action to conserve DC power on-site
greatly improves plant safety margins. Because no automatic DC load
shedding exists, benefits can be gained through specific procedural
guidance for DC load management. While such conservation
measures are beneficial, it should be kept in mind that the
restoration of AC power is still paramount. Therefore. the
identification of the most accessible on-site or off-site power source



and the procedural strategies for its quick restoration will minimize
the time that the plant will be using DC power supplies.

The Task Force considered all possible advantages to
implementing this recommendation. They saw that a proceduralized
strategy for coping with station blackout ensuring specific actions
would be taken to restore AC power and conserve DC power would
be beneficial. Procedural guidance would help guarantee consistent
plant personnel response and would prepare personnel to deal with a
wide variety of adverse situatiuns. On the negative side, the Task
Force considered that procedural guidance might limit the flexibility
of personnel if all c. itingencies were not taken into account.
Procedures might also misdirect efforts from those activities of a
higher priority.

The Task Force concluded that the Containment Safety Study's
recommendatior was to a great extent implemented by recent
changes to existing emergency procedures. The Task Force concluded
that the recently added "Appendix A" to emergency operating
procedures (OT 3122) provided sufficient guidance for both DC load
sheading and the restoration of AC power sources. The Task Force
decided that, in spite of some noted disadvantages, these procedures
gave the necessary guidance for plant personnel to deal with severe
accident situations. Tk refore, the Task Force determined that this
recommendation could ve closed out. Vermont Yankee management
concurred.



CHAPTER FIVE

GUIDANCE TO RELIEVE REACTOR PRESSURE
DURING STATION BLACKOUT

(Reference: Containment Safety
Study, p.179, 6.2 (2))

The 1986 Containment Study recommended that Vermont
Yankee develop procedural guidance for depressurizing the reactor
vessel during a station blackout. This would be an anticipatory
action to remove energy from the reactor vessel prior to the time it
would otherwise be required. Early pressure reduction would lessen
potential further degradation of containment safety margins.

On each of the plant's four main steam lines is a safety relief
valve. The purpose of these four valves is to make sure the reactor
vessel is not over-pressurized. Each valve automatically opens when
the reactor vessel pressure reaches a pre-determined set point. This
pressure (in the form of steam) is relieved and transferred to the
torus (or pressure suppression chamber) in the plan/s primary
containment. There it is condensed into water, thus dissipating
pressure. These valves can also be remotely opened by the
operaiors by an electric signal which uses DC power to operate a
solenoid valve. Such valves allow compressed nitrogen to flow to a
“pilot" valve thut, in turn, opens the safety relief valve The reason
this valve is operated through the use of nitrogen is to prevent gas
exhausted from the pilot valve from diiuting the nitrogen-inerted
atmosphere which is in the primary containment. (The primary
containment has a nitrogen atmosphere to prevent fires and
explosions.) A 15,000-gallon liquid nitrogen tank is located on the
Vermont Yankee plant site. This nearby nitrog*u supply assures
long-term operation of the safety relief valves even during station

blackout. In addition to the nitrogen actuation, plant personnel can

also call on the plant's air system to manually open valves should the




nitrogen supply be lost. While the use of air dilutes the nitrogen, its
small volume would have little effect on nitrogen concentration,

Under certain severe accident conditions in which rapid
pressurization of the reactor vessel is postulated, the manual
operation of the relief valves would allow steam to be exhausted to
the suppression chamber (eariier than if the valves are allowed to
operate automatically) where it would be condensed into water. As
steam is sent to the torus relieving pressure, cooling water can be
injected into the reactor core through either of two steam-driven
high-pressure pumps or the low pressure diesel fire pump.

In circumstances in which reactor pressure slowly increases,
the manual operation of the safety r:lief valves increases plant
safety. Under these conditions, if the reactor pressure were below a
point necessary for the operation of the steam-driven cooling pumps,
but higher than that which could be overcome with low-pressure
coolin, jection pumps, the relief valves could be manually opened
tc -=duce pressure. Once vessel pressure can be lowered far enough,
the 1ow-pressure cooling pumps could be started. Under station
blackout, for example, with the normal cooling pumps (residual heat
removal system and core spray pumps) not available, the relatively
low-pressure diesel-powered fire pump could be used to inject
cooling water into the reactor vessel to prevent core damage and
stop any threag to containment integrity.

The Vermont Yankee Task Force considered the advantages to
this recommendation and observed that procedures for use of the
safety relief valves to "blow down" the reactor vessel (i.e., send
reactor steam to the torus) during station blackout would allow
operators to follow a pre-planned program for vessel
depressurization. Not only would procedural guidance provide for
timely operator actions, but would also make the consequences and
effects of these actions well understood in advance. The only
disadvantage of this recommendation was that a detailed procedure
was ceen as a possible detriment to operator discretion in employing



better suited alternative action. But the latter was concluded by the
Task Force to be a minor concern.

Vermont Yankee has implemented this recommendation by
including it in the plant emergency procedure OE 3104 ("Torus
temperature and level control”). No further action is required.



CHAPTER SIX
STATION BATTERY COMMON MODE FAILURE

(Reference: Reactor Risk Reference Document, NUREG-
1150 Appendix E, Table E.11, Item PI,
p. E-46)

The recommendation was made that maintenance and
surveillance testing be controlled to prevent the possibility of
common mode failure in the two station batteries. Also, testing and
preventative maintenance should not cause both station battery sub-
systems to be out of service during plant operation at the same time.

The station battery system consists of two trains, each capable
of supplying the plant's necessary emergency systems with sufficient
electrical power to stabilize the plant in the event of an extended
station blackout. In a station blackout (i.e., no off-site power
available and total loss of diesel generators), one of the two station
battery trains would be required to operate the emergency systems.
In NUREG 1150 (for the evaluated plart, Peach Bottom), DC power
common-mode failure (i.e., toth battery trains failing
simultaneously) is a significant contributor to core damage
sequences. Current surveiliance procedures at Vermont Yankee
already preclud® a large part of the concern. These procedures
require that each of the station battery trains be removed from
service only during refueling outages.

Common mode failure can be simply defined as one action, or
one component failing, causing two or more systems or equipments
to be inoperative. The Task Force recognized the obvious advantages
of this recommendation. It would ensure that only one of the
redundant battery trains be taken out of service at a time and that
the out-of-service train be fully restored prior to taking the
redundant train out of service. These actions would help eliminate



common mode failure which could possibly disable both station
battery trains at the same time. The Task Force looked for
disadvantages in this recommeadation and, after careful
consideration, found none.

The Task Force concluded that Vermont Yankee's current
testing practices do not allow the redundant station battery trains to
be out of service simultaneously. The only surveillance that requires
the batteries to be out of service occurs during a refueling outage;
testing is not performed during power operation. Any maintenance
which would be required during power operation and would remove
a battery train from service would also require the plant to
immediately take steps to be shut down and be in "cold” shutdown
within 24 hours. Since current battery testing practices do not
require the batteries to be takern out of service during full power
operation, and further do not allow both trains to be out of service
simultaneously at any time, the Task Force determined that no
procedure changes were needed in this area.

This recomme. .. ‘ion raises a wider issue which is the need to
minimize the times when multiple safety systems are out of service.
An initial evaluation showed that current procedures and training
provide assurance that this issue is not a major concern to Vermont
Yankee. Vermont Yankee will evaluate the need for providing
additional guidane. to the operating crew to control the removal of
multiple safety systems from service simultaneously when
performing testing or maintenance. This effort will be completed by
start-up from the next refueling outage.



CHAPTER SEVEN

RECHARGING THE STATION BATTERIES FROM THE
UNINTERRUP1IBLE POWER SUPPLY

(References: ASTA [V.1, p.6; Containment Safety Study,
Appendix G p. D-16,2.4;
Draft SACI/BWROG, p.24)

Recommendations were made to develop the capability of
providing alternate power sources from from the Vernon plant's
uninterruptible power supply to recharge the 125-volt station
batteries.

The Vermont Yankee plant is equipped with two independent
125-volt station batteries. These batteries are maintained fully
charged by chargers supplied from a normal power bus. The
batteries are capable of supplyiing power to a variety of emergency
cooling systems in the highly unlikely event that all off-site and on-
site. AC electrical power is lost. If such power losses do occur and
there is a severe accident, then high pressure ccoling pumps wouid
be needed. The high-pressure systems required are the high-
pressure cooling injection system (HPCI) or the reactor core cooling
isolation system (RCIC). The pumps in these sysiems are steam
driven and therefore very little electrical power is needed for the
high pressure idjection of cooling water to the reactor vessel. The
station batteries provide this power for instruments, controls and
valve operation.

The 125-volt station batteries also provides electricity to
remotely operate the depressurization system which will
depressurize the reactor vessel enabling the use of low pressure
pumps such as the diesel-powered fire pump to provide cooling
water to the core. It should also be noted that the station batteries
have another important safety role: they are the normal supply of
electricity to the instrumentation and control components of the



plant's two emegency diesel generators. The continued operation of
the 125-volt station batteries allows the operation of the diesel
generators, the high pressure cooling injection system, the reactor
core cooling isolation system, the automatic depressurization system
and other essential safety system instrumentation during severe
accidents.

During normal operation, the Vernon plant's internal power is
supplied by the main turbine-generator through the facility's
auxiliary transformer. Power is distributed initially on two main
buses (Bus 1 and Bus 2), then divided among numerous smaller
busses. Should the main transformer become unavailable for any
reason, electrical power is supplied from off-site sources by
"backfeeding” power either through the main transformer or through
the two station startup transfomers. On-site electrical loads are
divided into two categories: “essential” and "non-essential” nower.
This classification is made based on the function of the equipment
being served. The essential loads are supplied from two independent
and redundant subsystems designated as Bus 3 and Bus 4. During a
loss of off-site power, these busses are automatically isolated from
the non-essential loads. Essential loads will then receive power from
the two on-site, independent diesel generators. Either Bus 3 or Bus 4
can also be connected to the Vernon hydroelectric station as an
alternate source of power. Essential bus loads are further distributed
from Bus 3 ang Bus 4 to Bus 8 and Bus 9. Among the essential
loads supplied by Bus 8 and Bus 9 are the battery chargers for the
uninterruptible power supply (UPS battery units). The
uninterruptible power supply consists of two independent
equipment trains, each composed of a battery charger, a large
capacity battery and an inverter. The uninterruptible power supply
is normally fed AC power and its output is AC power. However, if
the AC supply is interrupted then associated batteries supply the
power so that the output AC is never interrupted. The battery
chargers "rectify” incoming AC power to maintain the charge of the
batteries; battery power then is inverted or transformed into AC
power which supplies Bus 89A or 89B. Bus 89A and 89B supply the



critical low pressure injection vulves (LPCI) and isolation valves for
the recirculation system. Alternatively, should either UPS become
unavailable, power to the 89A or 89B busses can be provided
through a tie from Bus 8 or Bus 9. Figure 7-1 shows the electrical
system discussed above in a simplified form.

Under a station biackout in which all off-site power is lost, and
with a concurrent loss of the plant's two independent diesel
generators, AC electrical power to Bus 89A and Bus 89B would
remain available from the uninterruptible power supply. Under
these conditions, the Task Force noted from the recommendation
that greater flexibility would be gained if procedures were in place
to feed back power from either the 89A or the 89B busses to other
busses which could supply electricity to equipment necessary for
accident mitigation. In this situation, guidance would be necessary
for load shedding in order to minimize the AC load. Unneeded
equipment powered from the busses to be energized would be shut
off. The most notable advantage would be the ability to remotely
open the isolation valves for the containment spray system.
Actuating these valves during a station blackout would allow water
to be pumped into the primary containment using a diesel-powered
pump. During a severe accident in which molten core material melts
through the vessel onto the base of the primary containment, core
"quenching” or cooling could be accomplished with drywell (primary
containment) spray. With such quenching, the molten core would
become solidified and any threat to melting through the primary
containment would be removed. Under another scenario in which
containment pressure gradually increases, drywell sprays could be
used to condense the steam released from the vessel. This would
decrease containment pressure and remove the potential for a
challenge to the containment.

The modification required would be to provide electric control
circuits for circuit breakers and to develop procedures. The Vermont
Yankee Task Force considered the advantages of making such a
modification. The Task Force noted that use of the UPS to provide



charging capability to the station batteries would allow the extension
of station battery life, thereby increasing the capability of the high
pressure cooling injection system, the rcactor core cooling isolation
system, the automatic depressurization system and certain safety
related instrumentation and controls needed for the startup of the
plant's two emergency diesel generators. The advantage of
procedural guidance for performing this action was noted by the
Task Force to be ensuring that plant personnel would have definitive,
reviewed steps to take to use existing plant capability to keep safety
systems operable.

The disadvantage of the modification was centered on the fact
that the UPS is the only source of AC power during a station blackout.
As such, its use and conservation would be essential to mitigating the
effects of an accident. Additional loads on this source could impair
other recovery efforts, Further, procedures were judged to be
impractical in that they would either be too restrictive in not
considering the wide range of conditions possible, or they would be
too cumbersome because of trying to cover the wide range of
conditions.  Finally, training specialists indicate these procedures
might distract plant personnel from training on more important
scenarios. This type of procedure would fall to low on the training
priority list to justify detailed frequent training on it. The Task Force
noted that during an accident, the Engineering Staff (as prescribed in
Vermont Yankeg's Emergency Plan) will be available to determine
the need and appropriateness for actions to establish power to
alternate busses. The determination of which loads to shed would be
a part of any engineering review.

The Task Force agreed that a preferred source of emergency
charging power for the station batieries would be an independent
diesel generator and that a separate recommendation covered in
Chapter 19 provides such a scurce. An auxiliary diesel, known as the
"John Deere Diesel" is presently on the Vermont Yankee plant site.
[ts primary use is to supply certain auxiliary electrical loads not
associated with plant operation. Since this generator is not included



in the Vernon plant's original design, it is considerd available during
a postulated station blackout. A plant modification to allow the "John
Deere" to be used as an alternate power source for charging the
station batteries is preferable to any modification either to
procedures or plant equipment associated with the uninterruptible
power supplies in order not to degrade AC emergency power
reliability.

The Containment Task Force concurred with the recom-
mendation that a plant modification be developed to use the “John
Deere" as an alternate AC power source to the station battery
chargers. Vermont Yankee management concurred and a design
change has been developed which will provide the capability for the
John Deere diesel to supply power to critical equipment (such as the
containment spray valves and to the station batteries) allowing them
to continue to be available. This modification will improve Vermont
Yankee's capability for mitigating a severe accident. Extending the
capacity of the station batteries will also increase the availability of
vital safety-related equipment, including the diesel generators, the
high pressure cooling water injection system, the reactor cooling
water isolation system and the automatic depressurization system.
All these systems can either prevent a severe accident or mitigate
the consequences of one. Through the implementation of the normal
Vermont Yankee design change procedures which require training on
modification plgnt personnel will be trained to use the John Deere in
severe accidents. The implementation of the design change, as well
as the implementing procedures, has been approved by management
and scheduled for completion prior to the startup from the 1989
refueling outage.
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CHAPTER EIGHT

VENTING THE CONTAINMENT

(References: NRC letter to VY, October 24, 1986;
Containment Safety Study various;
Draft SACI/BWROG, p.45; Draft NUREG-1150,
Appendix E, p.3, M4, M2, M5; ASTA, III.C.3,

pg.4)

The Task Force considered a recommendation to provide a vent
path from the torus which is capable of operation during severe
accident conditions, This recommendation also considered procedure
improvements that could be developed to better define and facilitate
the venting option.

Venting is the intentional release of gases from the primary
containment (i.e., the steel structure surrounding the reactor vessel).
It would be done to control the pressure inside the containment in
order to keep it intact. Also, venting could prevent the reactor core
from melting because the core depends on containment equipment to
keep it cool. If the core melts, fission products would be released
inside the containment. Venting would release some of these fission
products to the atmosphere, but most would stay inside the
containment in the water if gases are vented first through the
containment's pressure suppression pool (torus).

The Vermont Yankee Task Force considered those ¢vents for
which venting might be required; which events containment
pressure control might be possible through other means (e.g., the
drywell or primary containment spray); what would be the
appropriate time to vent for each event; what would be the required
vent size for each event; and, what vent paths already exist at
Vermont Yankee. The Task Force also looked at how vent valves
could be operated in the absence of AC power and what procedures
would be required. The Task Force considered where the various



vent paths would discharge and what type of release to the
atmosphere would result for each event and each vent path. The
Task Force finally investigated if the development of additional vent
paths were justified for Vermont Yankee.

The Task Force observed that venting could prevent
containment failure for certain accidents. Depending on the accident
sequence, venting can prevent core melting or mitigate the
consequence of a core melt. But the Task Force saw serious
disadvantages to venting. There could be unnecessary radioactive
releases because containment pressure could be relieved by other
means such as the drywell (containment) spray. Also, plant
personnel may be able to recover from an accident sooner than
expected, thus making a venting release unnecessary. The Vermont
Yankee Task Force noted that venting could involve earlier releases
than a containment leak. The Task Force observed that venting could
also cause a "harsh" environment in the reactor building which
surrounds the containment. This could hamper recovering from an
accident due to damaging equipment and/or hindering repair efforts.
Finally, it was pointed out that the choice of an inappropriate vent
path could bypass the "scrubbing” action of the torus water. This
could lead to significantly higher radiological releases than a
containment leak that involves scrubbing.

The Task Force determined that torus venting can be an
effective means to prevent containment failure for a certain class of
low probability events. These are events when something abnormal
occurs and the plant loses the ability to remove containment heat.
Venting for these kinds of events preserves core cooling by
preserving containment integrity. With the core adequately cooled,
there would not be significant fission products released out the vent.
For these kinds of events, venting would not be required until
relatively late (about ten hours) into the event. The Task Force
noted that Vermont Yankee has identified over thirty potential vent
paths. The Task Force concluded that, given the available time for
operator action and the identified vent paths, Vermont Yankee would



be able to vent successfully. For other classes of events, venting is
one option for mitigating accidents. These are events where the core
melts. However, though venting may help mitigate these accidents,
there is still the potential for unnecessary or premature release
through the improper use of a vent. Although much industry work
has been aimed at defining the conditions of "proper venting,” the
Task Force noted, the only conclusion thus far has been that the
conditions are very plant-specific. The benefits of venting depend on
the plant-specific accident sequences. And the effectiveness of
venting depends on plant-specific equipment and procedures to
operate that equipment.

Vermont Yankee sees venting as an appropriate strategy for
preventing core melt (but no significant radioactive releases would
be involved in this type of venting). For those events where core
melting would occur, venting would involve radiaoctive releases.
The Taskh Force noted that, although it recognizes venting as an
option, Vermont Yankee has pursued other alternatives for
mitigating the consequnces of such accidents. Vermont Yankee has
identified drywell spray as an alternative with the same advantage
of containment pressure control. Moreover, drywell spray has the
additonal advantages of core debris cooling and drywell cooling, yet
does not involve radioactive releases to the atmosphere. For these
reasons, Vermont Yankee will continue work on assuring that the
drywell spray will be effective under severe accident conditions.

The Task Force concluded that current industry knowledce on
venting and vent paths does not justify the development of
additional torus vent path., However, the Task Force recommended
that Vermont Yankee pursue a conceptual design and cost estimate
for a hardened vent line to the plant stack. This would then be
available to evaluate when Vermont Yankee's specific design
features are considered using the methods to be approved under the
NRC's Severe Accident Policy Statement. Vermont Yankee sees that,
given the plant-specific aspects of venting ard the possible need for
filters shown by industry analyses, further studies should only be



done within the context of implementing the NRC's severe accident
policy using NRC approved methods.

Certain venting procedures will be developed as part of
incorporation of the Emergency Procedure Guidelines, Rev. 4,
following NRC approval. If additional procedural guidance or venting
is required, it will be identified by the NRC-required Individual Plant

Evaluation.

Management concurs in the approach recommended by the
Task Force and recognizes that the venting issue must be actively
pursued by Vermont Yankee.




CHAPTER NINE

FURTHER STUDIES OF DRYWELL SPRAY

(Reference: NRC letter to VY, October 24, 1986,
Section 2.2.2; ASTA, V.C.1,, p.8; Draft
SACI/BWROG, p.45)

The recommendation was made to perform further studies of
drywell (i.e., primary containment) spray performance under
reduced water flow conditions.

The drywell spray at the Vernon plant can be activated
through various means: torus (pressure suppression pool) water
pumped by the residual heat removal (RHR) pumps, river water
pumped by the residual heat removal service water pumps, and
river water pumped by the diesel-powered fire pump. Design
calculations for the drywell spray were based on the residual heat
removal system's pumping capaciiy. The RHR service water pumps
and the diesel-powered fire pumps have a smaller capacity than the
regular RHR pumps. The Task Force looked at how this reduced
pumping capacity would affect the performance of the drywell spray.
The important features of the drywell spray performance under
accident conditions were, as assessed by the Task Force, the
following: the injection flow rate through the drywell spray nozzels
(this determines the total amount of water injected as drywell spray;
water acts to cool the containment atmosphere, to cool any core
debris and to "scrub” or filter fission products in the drywell); and,
the spray droplet size (along with the water flow rate, the size
determines the rate c. which some fission products are removed
from the drywell atmosphere). The Task Force concluded that
further studies in this area would not be beneficial, since the
drywell, under these conditions, would cause "fission product
scrubbing” even without ensuring a specific spray path flow. A
number of technical studies have shown a high level of fission



product scrubbing regardless of the conditions in the containment.
The disadvantage seen was that further studies of drywell spray
performance would require major engineering resources that would
be much better employed on more promising safety initiatives.

The Containment Task Force affirmed that, for Vermont
Yankee, the drywell spray is a very effective means of mitigating the
consequences of a core melt accident. The Task Force listed the main
challenges to containment integrity in a severe accident: high
pressure from steam generated by any core debris in contact with
water; high pressure from noncondensible gases generated by the
core coming into contact with the concrete in the containment
structure; high temperature of the dryweil atmosphere from hot
molten core debris; and, melt-through of the drywell steel by molten
core debris. The Task Force then noted how the drywell spray helps
to mitigate each of these challenges: the drywell spray condenses
steam generated by core decay heat; the drywell spray helps
"quench" core debris to limit core-concrete interactions and
noncondensible gas production; the drywell spray cools the drywell
atmosphere; and, the drywell spray helps prevent a melt-through of
the drywell steel by quenching molten core debris and limiting its
spread. All of these benefits can help prevent containment failure.
However, even if containment failure did occur, the drywell spray
would still play an important role in limiting radioactive releases to
the outside atmosphere by scrubbing or filtering fission products.
Because of these benefits, the Task Force noted that Verment Yankee
has already begun engineering eiforts to assure drywell spray
capability under severe accident conditions which is covered in
Chapter Ten. Vermont Yankee management concurred in closing this
item.




CHAPTER TEN

DRYWELL SPRAY VALVE OPERABILITY
DURING STATION BLACKOUT

(Reference: Containment Safety Study, p. 119, 5.3.5.1.1,
p.179, 6.2(2); Draft SACI/BWROG, p.45; Draft
NUREG-1150, Appendix E, p.3, M4)

During a station blackout, the residual heat removal system
(RHR) and the service water system which supplies cooling water
from the river either directly to the plant's auxiliary equipment or
indirectly through the turbi.e and reactor buildings' closed cooling
water systems have pumps and valves which would not function
because of the loss of AC electrical power. The drywell spray,
however, is still operable using the diesel-powered fire pump, if the
appropriate valves can be operated. During a station blackout, these
valves can be operated manually. The recommendation is to upgrade
these valves through the use of an alternate power supply tc allow
their remote operation.

The Task Force observed that, even though the local, manual
operation of these valves would probably be successful since the
drywell spray would not be required until several hours after a
severe accident, modification to allow their remcte operation would
improve the chunces of successful drywell spray. The disadvantage
would be that remote operation requires electrical power and this
modification would add equipment to allow a completely
independent diesel generator to be tied via operator action to a
station bus. In spite of the latter, the Task Force affirmed Vermont
Yankee's acceptance of the recommendation.

If a loss of off-site power were to occur, Vermont Yankee has
two separate means of obtaining electrical power. These means are
the on-site diesel generators (three megawatts each) and the Vernon
hydroelectric station. Even if both of these sources were to



incredibly fail, plant personnel would most likely be successful in
manually operating the appropriate valves to allow the drywell
spray to be aligned with the diesel-powered fire pump. Because of
the importance of the drywell spray as a means to mitigate severe
accidents, Vermont Yankee has begun work on a design change to
allow remote operation of the necessary valves.  The design change
puts in place permanent electrical connections for a diesel-powered
generator not only to operate these valves but also to charge the
station batteries. This will allow either low pressure reactor injection
or drywell spray water to be available for a total station blackout.
This modification will further make available other important safety
equipment through extending the availability of the station batteries
(i.e., nigh pressure cooling water injection system, reactor core
isolation cooling system and automatic depressurization system
would be operable and water could be added to the reactor vessel.)
This modification will be completed prior to the plant's start-up from
the 1989 refueling outage.



CHAPTER ELEVEN

CORE DEBRIS BARRIERS

(Reference: NRC letter to VY, October 24, 1985,
Section 2.2.4, Draft NUREG-1150,
Appendix E, M3)

A recommendation from the NRC letter of October 1986 was
that installation of a core debris barrier be evaluated. One
postulated way the containment could fail would be by a melt-
through of the drywell steel by molten core debris (i.e., the reactor
core having melted through the vessel and fallen to the containment
floor in a molten mass). For this to happen, the following sequence of
events must take place. First, all the low and high pressure core
cooling systems must be totally inoperable. This requires that many
separate, independent cooling systems (any one of which could keep
the core cool) would simultaneously fail. Also, many contingency
sources of either power or water - Vernon tie line, diesel-powered
fire pump, "John Deere" diesel, would be unavailable. Since there is
no makeup water to the reactor, the core will eventually melt. The
molten core must then slump to the lower portion of the reactor
vessel and melt through. The molten core must then migrate
through the under vessel reactor components and structural steel to
reach the concrete drywell floor. The core debris must then travel
across the drywell floor and come into contact with the drywell steel
wall. Finally, the core debris must then be hot enough to heat the
drywell steel so that it melts through and causes an opening such
that the drywell atmosphere can be released. The Task Force
considered several recommendations to halt the preceeding
sequence, and specifically in this case the suggestion that, assuming
the core melts through the vessel, a barrier on the drywell floor
could prevent molten core debris from reaching the drywell steel
wall,



The advantage to a core debris barrier would be that it could
potentially help prevent the loss of the containment's integrity by
blocking the migration of the molten core mass to itc houndary. An
apparent advantage, on first examination, is that this would be a
simple, relatively inexpensive modification.

The disadvantages include that on further evaluation, in order
to provide complete protection of the drywell, it would be very
expensive to install (the NRC's NUREG-1150 shows the estimated cost
of a core debris barrier to be over 100 times the estimated public
safety benefit). Currently, there is no general consensus to the value
of having localized barriers since it is not clear what the composition
of the debris will be. It would also involve significant radiation
exposure to the workers installing the structure because of the
confined work area and the high radiation levels in that portion of
the drywell where the barrier would have to be placed. It would
also make all future work in the drywell more confined and
therefore increase radiation exposure. Quality assurance is a greater
problem in work done in restricted areas which could create a safety
concern. The Task Force noted that the benefits of a core debris
barrier depend on the likelihood of molten core debris ever reaching
the drywell steel wall. Analyses aimed at quantifying this likelihood
have been performed by NRC contractors in support of the draft
NUREG-1150 ("Reactor Risk Reference Document”), and by industry
contractors as part of the Industry Degraded Core Rulemaking
(IDCOR) progr?m. These studies entailed an assumed sequence of
events leading to core melt, analytical models used to calculate the
temperature, composition and amount of core debris released from
the reactor vessel, and analytical models used to calculate heat
transfer from the core debris.

Because of differences in assumptions and analytical models,
NRC and industry contractors calculate widely different results. Even
among NRC contractors, there is no consensus as o the advantages of
a core debris barrier. Some experts have suggested that a barrier
would be rapidly eroded by the molten core and would not be



effective in preventing a drywell melt-through. Expert opinion
currently holds that tnere are no refractery materials available to
use in construction of a barrier (hat can withstand the thermal shock
of a molten core without cracking to a2 degree that they lose their
integrity.

The only consensus between NRC and industry experts is that
water (from the drywell spray) is a very effective means to mitigate
a core melt accident. Industry analysts believe that water would
stop the spread of molten core and prevent containment failure.
Some NRC analysts do not agree, but they believe that water would
be effective in scrubbing radioactive fission products inside the
containment,

The effectiveness of water in preventing a drywell melt-
through was demonstrated through recent experiments by industry
representatives. These results were presented at the NRC-Mark I
Containment Workshop in Baltimore, Maryland in February, 1988,
The experiments show that the heat transfer from core debris to
water is dominated by mechanisms which had not been previously
considered. The measured heat transfer was much greater than that
used in either NRC or IDCOR models. Higher heat transfer would tend
to limit the spread of core debris and would reduce the amount of
heat which is available to heat up the drywell steel wall.

Additiona‘ly. specific features of Vermont Yankee reduce the
plant's vulnerability to this problem. The Vermont Yankee core is
much smailer than the reference plant considered in WASH-1400 but
the containment is almost the same size. This means that the molten
core does not spread as far or as deep. Also, the drywell vent pipes
are less vulnerable to attack by the molten core than the reference
plant. The conclusion is that Vermont Yankee cannot justify 1 core
debris barrier.

The Task Force stated its support of a company position not to
install a core debris barrier in the imediate future. This position



considers both the costs of installing a core debris barrier and also
the lack of consensus among technical experts regarding its
usefulness.



CHAPTER TWELVE

SAMPLING THE TORUS FOR RADIOACTIVITY

(Reference: Containment Safety Study,
p. 143, 5.6.5.3.1.E;
Appendix E 1.1.8, p. E8)

During certain severe accident scenarios, water is injected into
either the reactor vessel or to the primary containment. Water to
the reactor vessel provides a make-up supply for water that is lost
because of boiling. Water to the containment is used for drywell
sprays to provide steam condensation (this results in pressure
suppression of the containment). Regardless of the injection path of
the water, the water itself eventually falls into the suppression pool
(i.e., the torus which is the containment's "wet well"). A maximum
water level in the suppression pool, however, is necessary for two
reasons: to prevent flooding of the vacuum breakers that connect to
the drywell (this could result in excessive differential pressure
between the drywell and the suppression pool; as a result,
containment integrity could be threatened); and, to avoid the
increased hydrodynamic loading of the submerged components
within the pool (increased loading on the submerged components
would alter their response during a pressure release from the
primary contairment, leading to a possible suppression pool
rupture). The normal methods for lowering suppression pool water
level are either to provide a flow path to the radioactive waste
processing facility by means of pumps in the residual heat removal
system, or to use valves installed on the bottom of the suppression
pool to drain water to the reactor building's sumps where it can later
be pumped to the radioactive waste processing facility.

When the water from the torus reaches the radioactive waste
facility, it is processed to remove radioactive isotopes and other
contaminants and then is transferred to the condensate storage tank



where it can later be used for vessel make-up water. The condensate
storage tank has a 500,000-gallon capacity. It is located outside the
reactor building within a concrete dike.

During the development of the plant's emergency operation
procedures, additional methods were identified to enable the use of
the high pressure cooling injection system (HPCI) and the reactor
core isolation cooling system (RCIC) for suppression pool level
control. Under these conditions, excess water is pumped directly into
the condensate storage tank. The HPCI and RCIC systems each use
pumps powered by the reactor steam. They are operated through
the manipulation of DC-powered controls. As such, these systems
remain operable during a station blackout in which all AC power
sources are lost.

In the event of a massive fuel failure, the water within the
suppresssion pool may become highly contaminated, so much so that
its transfer to the condensate storage tank may result in an
uncontrolled release of radioactivity to the atmosphere. Although
the release of suppression pool water to the condensate storage tank
is only permitted if there is ro indication of a massive fuel failure,
the Vermont Yankee Containment Safety Study iecommended that
sampling be performed prior to the water's discharge to ensure that
radioactive levels are within requirements. The Task Force observed
that the main advantage to this sampling procedure was that it
would help prevent a release of radioactivity into the atmosphere.
The disadvantages identified were that sampling of the torus may
result in delays which could increase the possibility of containment
damage. Also, if radioactivity is high near the sampling points,
increased personnel exposure could result.

The Task Force concluded that the intent of this recom-
mendation has been met by Revision 2 to Emergency Procedure OE
3104, This procedure requires checking for indications of gross or
massive fuel failure before pumping water to the condensate storage
tank. This can be accomplished while still providing for maximum




personnel safety. The Task Force therefore considered the
recommendation closed out and Vermont Yankee management
concurred.



CHAPTER THIRTEEN

TRAINING TO VENT

(Reference: ASTA 1II.C.4, p. 4)

The Containment Task Force looked at the recommendation
from ASTA that Vermont Yankee should provide training to
emergency response personnel on the use of the containment venting
guideline.

The Vermont Yankee containment is cesigned, tested and
operated so that it will be capable of coping with severe threats to its
integrity. For certain severe accidents having the potential of
centainment failure, controlled venting not only preserves the
containnient's structure but also prevents a significant release of
radioactivii to the atmosphere. The Vermont Yank2e Containment
Safety Study recommended that analysis be performed to ensure an
understanding of the positive and negative impacts of containment
pressure control by venting through the pressurs suppression pool
(torus). As a resuit, a formal guideline was created to provide the
pre-planning on the decision to vent the containment. Vermort
Yankee determined that the Vernon plant has at least 22 different
vent paths. Each path has been looked at to determine its
appropriate use and the potential adverse consequences of its use. A
guideline was prepared, in lieu of a procedure, because the topic of
containment venting involves scenarios beyond the design basis of
the plant (i.e., accidents not credible to the plant's designers given
the safety systems installed). As such, the approval of a procedure
for containment venting can not he subjected to the conventional
review given to normal plant procedures. The guideline allows the
engineering and management staff in the Vernon plant's Technical
Support Center (a control center established when the plant has an
emergency) to evaluate venting and to transmit this information to
control room operators. A subsequent recommendation resulting
from a review of the venting guideline was that training should be



set up to instruct personnel un the principles which the venting
guideline is based. This is to ensure that Technical Support Center
people, control room operators, and the Operations Support Center
(another emergency center) all have an understanding on how the
venting guideline should be executed.

The Task Force observed that a disadvantage to the over-all
recommendation was that additional training on unrealistiz accident
scenarios (i.e., those that go beyond the designer's conception) could
be unnecessarily burdensome to plant personnel. On the other hand,
the Vermont Yankee Task Force concurred that an awareness of the
available means for containment venting would allow plant
personnel to decide expr ditiously on the need for and the best means
of venting. Pre-planning would help ensure that all involved
personnel would be able to select the best vent path, knowing full
well the consequences. Because of the recommendation's acceptance,
Vermont Yankee personnel have received comprehensive training on
all aspects of the containment venting guidelines. The training was
composed of lectures and scenario practice sessions through the
control room simulator. This training will become a regular item in
the training syllabus for Technical Support Center managers. It is
recognize! ‘hat containment venting involves very complex technical
issues. Muny of these have not been fully resolved. Vent "o also
involves difficult political issues which are likely to cover more than
one state,



CHAPTER FOURTEEN
REDUCE INERTING TIME

(Reference: Containment Safety Study, p. 113, Sec. 5.2.2.1;
NRC letter to VY, Ociober 24,1986, Sec.

2.2.1)

The 1986 Vermont Yankee Containment Safety Study
recommended that Vermont Yankee reduce the time limit for
'‘inerting” the primary containment during operations start-up and
shut-down procedures from 24 hours to 12 hours.

The Vernon plant's containment atmosphere is "inerted” with
nitrogen gas during normal operation. This reduces the potential f
hydrogen burn in the containment if a severe accident were to
For some accident sequences, hydrogen gas would rosult from a
chemical reaction between the fuel cladding (i.e., the zircalloy meta
that encases the fuel pellets) and the reactor steam inside the vessel
Hydrogen gas can burn if the concentration of hydrogen and oxygen
is high enough. But if no oxygen is present (i.e., if there is an
‘inerted,” nitrogen atmosphere), the hydrogen will not burn. Because
it takes a certain amount of time to inert the containment by adding
nitrogen and removing oxygen, the Vermont Yankee Technical
Specifications (i.e., those rules and procedures by which Vermont
Yankee must obera(c the plant under NRC authority) allow 24 hours

during start-up and shut-dewn of the reactor to accomplish this task.

The recommendation was v reduce that specified time by half.

The Task Force considered this recommendation and saw that,
if a severe accident were to happen while the coniainment is not
inerted, there would be the potential for the containment to be
damaged when the hydrogen burned. The Task Force, however,
aoted that, as long as the coatainment contains nitrogen, plant
personnel access to the drywell to perform needed inspections and
maintenance would be greatly harmapered. Reducing the allowable




de-inert time could result in workers' rushing, with a greater
potential for errors in maintenance or inspection activities. Placing
the plant in "cold" shutdewn in order to pcrform these routine
maintenance activities would require the plant to go through an
additional cold shutdown and heat-up cycle. This cycle is
undesirable from a safety standpoint due to the operating transients
as well as a reactor vessel thermal cycle viewpoint,

The original license for the Vermont Yankee plant did not
include an inerted containment atmosphere. Vermont Yankee,
however, adopted, with NRC approval, the 24-k ur de-inert time.
With this time limit, the Vernon plant operates with the containment
fully inerted for about 99% of the time. Reducing this time limit to
12 hours represents only a small increase in the over-all picture (the
increase would be about 0.5%). The Task Force concluded that this
small benefit is more than offset by the increased potential for errors
in important inspection and maintenance activities and in increased
plant transients, These activities need to be performed with the
containment de-inerted. Accordingly, Vermont Yankee does not
intend to reduce the Technical Specification time for inerting the
containment. The Vernon plant will, however, minimize the actual
de-inert time, which is always less than or equal to the Technical
Specification limit. This will be done through administrative
procedures. De-inert time will indeed be minimized, but not at the
expense of compromising inspection and maintenance activities. This
procedural chan‘ge in the form of a caution to minimize de-inert time
will be added to the appropriate procedures prior to the start-up
from the 1989 refueling outage. Vermont Yankee management
concurs in this disposition.




CHAPTER FIFTEEN

TRAINING TO KEEP EMERGENCY
PUMPS OPERATING

(Reference: Containment Safety Study,
p. 180. 6.2(1); p. 84, 4.5.3)

The Vermont Yankee Containment Study recommended that
the plant provide additional guidance and training on the response of
low pressure pumps to high suppression pool (torus) temperatirs,
This guidance should indentify areas of concern for long-term ump
operability and short-term survivability.

The residual heat removal system (RHR) is a combination of
several subsystems designed to remove decay heat from the reactor.
Under accident conditions, this versatile system can be placed in a
variety of configurations to provide core cooling (low pressure
cooling water injection into the reactor), containment cooling
(containment drywell spray), and torus cooling. The sysiem is
composed of two redundant trains, each =quipped with two 1,000
horse power, single-stage centrifugal pumps. These pumps are
capalle of pumping 7,200 gallons of water per minute at a discharge
head of 410 feet. Suction for the pumps can be drawn from the
suppression pool, or from one loop of the reactor water recirculation
system,  This water then travels thrcugh one of two 57.5 million
RTU/hr heat exchangers where it is cooled (cooling water is provided
to the heat exchangers from the four RHR service water pumps --
two per train). The water is then returned to the suppression pool,
or the reactor vessel or to the drywell sprays (primary containment).
In order to maintain the reactor pressure at a level low enough for
the low pressure systems to operate, the safety relief valves must be
opened. This will release the steam in the reactr to the torus. The
steam condenses as it exits piping below the surface of the torus
water (i.e., the perforated "T-quenclier” at the bottom of the
suppression pool). In this way, cooling water can be injected while



escaping steam is contained within the primary containment.
Condensation of the steam in the torus prevents the containment
from overpressurizing. The long-term utilization of the suppression
pool for reactor vessel injection is a preferred source of cooling water
because the continued use of any external source would eventually
fill the suppression pool.

When there is a severe accident, in certain circumstances, the
suppressicn pool would become too hot for use by the low pressure
cooling water systems. Since in this alignment the RHR or core spray
(CS) pumps would be exposed to high operating temperatures, the
Containment Safety Study recommended that additional guidance
and training be provided on the response of low pressure pumps to
high suppression pool temperature. The Task F--ce concluded that
procedural guidance and training would be advantageous in ensuring
that operators would be fully aware of the problems associated with
the operation of emergency core cooling pumps at high temperatures.
The Vermont Yankee Task Force reviewed the operator training
syllabus and concluded that pump perrormance unusr a variety of
conditions is already included in the basic training for operators.
Over-emphasis on high temperature operation, the Task Force
observed, could result in a reluctance by operators to expose pumps
to harsh conditions resulting from severe core accidents. Operators
might shut off the pumps sooner than necessary. The high
temperature effects on pump operation were evaluated by the
Vermont Ya.kee Task Force to be only of primary concern to
extended operation. Over a period of years the pumps will
experience accelerated wear. In the short term (hours or several
days), little adverse effect would be seen in the pumps. The Task
Force concluded that the present training on high temperature
effects on pumps is completely adequate. No further action is
deemed necessary. Vermont Yankee management concurred.



CHAPTER SIXTEEN
SEALING THE DRYWELL HEAD

(Reference: SACI/BWRCG, p. 46)

A location under certain high temperature conditions where
the primary containment might leak appears io be the drywell head
(i.e., the removable "cap" of the primary containment). Replacement
of the current gasket material with a material which could withstand
very high temperatures could eliminate this potential leak path. A
stainless steel O-ring gasket replacement of one of the two tongue-
in-groove rubber gaskets now in use would appear to serve this
purpose.

Vermont Yankee's primary containment is a steel vessel which
completely surrounds the reactor vessel. It is designed (o hold all
the sensible energy stored in the reactor vessel. In case of a major
pipe break in the reactor system, the primary cortainment is
designed to hold all ¢f the radioactivity produced and prevent its
release to the atmosphere. The primary containment's cover (i.e., the
drywell "head”) is a removable piece of equipment so that plant
personnel can get to the reactor vessel in order to refuel it and
inspect it. Since the head is removable, i. is sealed during operations
by a double O-ring gasket to prevent any drywell leakage. The
gaskets are made of a rubber compound and are set in grooves in the
primary containment's flange. The drywell head has "tongues” which
push into the gaskets, creating an air-tight seal not only for normal
pressure from the containment but also for "accident pressure”
conditions. This seal is regularly tested for effectiveness by Vermont
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