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Mr. Henry R. Myers
Post Office Box 88
Peaks Island, Maine 04108

Dear Mr. Myers:

[ am responding to your letters of September 4, 13, and 25, 1996, and

October 7 and 14, 1996, expressing concerns at the Maine Yankee Atomic Power
Station about (1) conformance with Three Mile Island (TMI) Action Plan Items
I1.K.3.30 and 11.K.3.31, (2) competence and integrity questions resulting from
the licensee’'s long-standing nonconformance with these two items, (3) whether
Maine Yankee is in substantial compliance with U.S. Nuclear Regulatory
Commission (NRC) regulations, and (4) whether the overall level of compliance
with regulatory requirements endangers public health and safety. You also
ask, "Prior to completion of the criminal process, what administrative actions
will the Commission take in response to the licensee’s violation of the
requirements of TMI Action Plan Items TI.K.3.30 and I1.K.3.312"

In your September 4 and 13 letters, you reiterate the request you made in your
letter of August 14, 1996, asking for the Commission’s position with respect
to the regulatory basis for the order of January 3, 1996. This order
restricted operation of Maine Yankee Atomic Power Station to 2440 megawatts
thermal (MWt) with Small Break Loss of Coolant Accident (SBLOCA) requirements
specified in TMI Action Plan Items [1.K.3.30 and I1.K.3.31. By letter dated
October 18, 1996, [ replied to your August 14 letter.

‘n your September 4 letter, you also urge the Commission to address directly
the question of whether the level of compliance with regulatory requirements
at Maine Yankee has diminished to the point at which protection of public
safety cannot be ensured in the manner required by the Atomic Energy Act. As
you are aware, the Commission directed that an independent safety assessment
(ISA) review be conducted in response to findings made by the NRC's Office of
the Inspector General in a report dated May 8, 1996. The overall goals of the
ISA were to (1) independently assess the conformance of Maine Yankee to its
design and licensing bases, including appropriate reviews at the site and
corporate offices; (2) independently assess operational safety performance,
giving risk perspectives when appropriate; (3, evaluate the effectiveness of
licens2e self-assessments, corrective actions, and improvement plans; and

(4) determine the root cause(s) of safety-significant findings and draw
conclusions on overall performance.

The ISA team found that overall performance at Maine Yankee was adequate for
operation. However, a number of weaknesses and deficiencics were identified
that will he evaluated for possible enforcement action. In coordination with
the Region I and NRR staffs, the team concluded that the plant could be
operated safely at 2440 MWt, taking into consideration the nature and scope of

the problems identified and the immediate corrective actions taken by the WV
licensee. 1 forwarded the report of the ISA team’s efforts to Maine Yankee on . {*
October 7, 1996, a copy of which 1s enclosed. V)’
61205 \\-
:%2170220 NRCE L
CORRESPONDENCE PDR 3
: - p /f' /!




Mr. Henry R. Myers -2 -

Before the startup of Maine Yankee in late August 1996, the staff reviewed the
licensee’s resolution of several design issues raised by the ISA team
regarding available net positive suction head for the containment spray pumps
and the heat removal capacity of the primary and secondary component cooling
water systems. The licensee’s corrective actions for these issues at that
time addressed operation at 2440 MWt. Therefore, the NRC staff concluded that
operation of the plant at this power level did not pose an undue risk to
public health and safety. However, further action on these issues will be
required before the staff will consider a request from the licensee to allow
Maine Yankee to be operated at power levels up to 2700 MWt.

As you also know, a public meeting was held at the Wiscasset Middle School on
October 10, 1996, to discuss the team’s findings. Additionally, an open
Commission meeting was held on October 18, 1996, in which the managers of the
ISA team described the key findings in their report. During this meeting, the
Commission requested the staff to inform the licensee to present its response
to these findings and any proposed corrective actions at a future Commission
meeting. The NRC staff will evaluate the licensee’s response to the findings
of the ISA team, as well as other recent i1ssues raised regarding licensed
activities at Maine Yankee.

Your letters mistakenly ascribe some semantic significance to distinctions in
phraseology used in previous correspondence, and ask whether the Commission
will affirm that the Maine Yankee plant is in "substantial compliance" with
NRC regulations. As I noted above, the staff has found that, under current
operational limitations, the Maine Yankee plant can be operated without undue
risk to public health and safety. This finding is predicated on an assessment
of the licensee's conformance to the Commission’s regulations, license
conditions (including technical specifications), and orders, and of the
ability of the licensee's programs to ensure safe operation. The staff’s
finding reflects the judgment that operation in accordance with current
license restrictions and authorizations can be conducted with reasonable
assurance of adequate protection of public health and safety, the fundamental
safety standard under the Atomic Energy Act.

Separate from the ISA issues, the staff is reviewing for appropriate action
the recently issued NRC Office of Investigations report (as mentioned in your
letter) along with its ongoing technical evaluation of the issues that were
addressed in the staff’s order of January 3, 1996. In the meantime, the NRC
staff is enhancing its oversight of Maine Yankee Atomic Power Company through
increased inspection activity.

[ trust that you will find this information helpful in understanding the NRC’s
oversight activities at Maine Yankee.

Sincerely,

P
Shirley Ann Jackson

Enclosure: [SA Team Report
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Mr. Charles D. Frizzle, President
Maine Yankee Atomic Power Company
329 Bath Road

Brunswick, Maine 040]1

Dear Mr. Frizzle:

I am forwarding the report on the Maine Yankee Atomic Power Station by the
Nuclear Regulatory Commission’s Independent Safety Assessment (ISA) team. The
purpose of the ISA was to determine whether Maine Yankee was in conformity
with its design and licensing bases; to assess operational safety performance;
and to evaluate Maine Yankee's self-assessment, corrective actions, and plans
for improvement.

Overall performance at Maine Yankee was considered adequate for operation.
However, a number of significant weaknesses and deficiencies were identified
that will result in violations. These weaknesses and deficiencies appear to
be related to two root causes: economic pressures to contain costs and poor
problem identification as a result of complacency and a lack of a questioning
attitude.

The ISA review was conducted in response to findings made by the NRC's Office
of the Inspector General (0IG) in a report dated May 8, 1996. It included an
assessment of the analytic code support provided for Maine Yankee by the
Yankee Atomic Electric Company. The OIG report found, among other things,
that Maine Yankee had experienced problems with the RELAP/5YA computer code,
used for analyzing how the emergency core cooling system would function during
a small break loss-of-coolant accident (LOCA), and in response, had modified
that code. O0IG also found that these problems with the computer code had not
been reported to the NRC, as required, and that because of these problems,
Maine Yankee's use of the code was not in accordance with NRC requirements.
NRC reviews did not uncover these deficiencies.

The team was large and multi-disciplined in order to provide a thorough, in-
depth review. [Its 25 members, led by an NRC manager, included three
representatives of the State of Maine. To ensure an independent perspective,
the NRC members were selected from NRC offices other than the Office of
Nuclear Reactor Regulation (NRR) and the NRC’s Region I. Only persons with no
significant prior responsibility for regulating Maine Yankee were chosen. The
team's management reported to me.
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The ISA team was on site at Maine Yankee between July 15 and 26, 1996, and
again between August 12 and 23, 1996. During these time periods, team members
also conducted assessments at Maine Yankee’s corporate headquarters 1in
Brunswick, Maine, and at the Yankee Atomic Electric Company offices in Bolton,
Massachusetts.

The ISA team reviewed the use of selected analytic codes for performing non-
LOCA safety analyses, as well as the capability of the safety-related support
systems to perform in accordance with the assumptions made in those analyses.
The review determined that the conditions of approval in NRC Safety Evaluation
Reports have been met although weaknesses in documentation and validation of
plant specific code applications are vulnerabilities which warrant your
attention.

The team determined that cycle-specific core performance analyses were
excellent. However, weaknesses were found in more complicated, less
frequently performed system safety analyses. These weaknesses did not cause
the results to exceed Maine Yankee's design and licensing bases. However, the
team questioned the capability of the containment spray system and the
component cooling water systems to meet the design basis assumptions for a
LOCA initiated from greater than 2440 MWt. These issues, along with the
RELAP/5YA deficiencies, will be reviewed by NRC's Office of Nuclear Reactor
Regulation.

The team identified significant deficien:ies in the areas of maintenance and
engineering, as well as weaknesses in the overall approach to testing and the
corrective action program. Specifically, the lack of routine testing of
certain safety systems resulted in the existence of a significant deficioncy
of which Maine Yankee was unaware. In addition, the ISA noted certain design
errors. Either Maine Yankee was unaware of these errors, or it was aware of
them and had failed to take action to address them.

| should add that Maine Yankee deserves credit for having formed a counterpart
team of highly qualified personnel to interface with the ISA team during its
review. The existence of this team was both helpful to the ISA team’s
activities and valuable as a means of ensuring that Maine Yankee learned as
much as possible from this effort. In addition, it meant that as problem
areas were identified, Maine Yankee was in a position to devote resources
promptly to necessary corrective actions.

We have scheduled a meeting for October 10, 1996, during which we will discuss
the assessment and respond to questions you may have. | request that
following this meeting, you determine the actions needed to ensure the long-
term resolution of the deficiencies noted. 1 also request that by

December 10, 1996, you provide to the Commission your plans for addressing the
root causes of the deficiencies identified by the ISA. The NRC's Region I apd
its Office of Nuclear Reactor Regulation will be responsible for followup of
the issues identified in this assessment, in terms of overseeing corrective
actions and taking any enforcement action deemed appropriate.
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In accordance with 10 CFR 2.790(a), a copy of this letter and the enclosure
will be placed in the NRC Public Document Room. Should you have any questions
concerning this assessment, I would be pleased to discuss them with you.

Sincerely,

~

/;J-‘-y Ll“"“/ ‘H/"/~W
Shirley Ann Jackson

Enclosure:
Independent Safety Assessment Report
for Maine Yankee Atomic Power Company

cc: See page 4
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EXECUTIVE SUMMARY
Background

In December 1995, the Union of Concerned Scientists forwarded anonymous
alleqations to the State of Maine, and the State submitted the allegations to
the NRC. The allegations were that Yankee Atomic Electric Company knowingly
performed inadequate analyses to support an increase in the rated thermal
power at which Maine Yankee Atomic Power Station (MYAPS) may ope ate. After
performing a technical review, th: RC Office of Nuclear Reactor Regulation
(NRR) issued a confirmatory order i January 3, 1996, limiting power operation
at the planrt to the original licensed power level of 2440 Mwt.

The NRC Offite of the Inspector General (01G) completed an inquiry into this
allo?ation on May B, 1996. O0IG established that MYAPS had experienced
problems with, and made modifications to, the RELAP/5YA computer code which
was used in ihe emergency core cooling analysis for a small-break loss-of-
coolant accident. OIG also reported weakncsses in the NRC review and followup
activities which contributed to NRC failure to detect these deficiencies. In
response to these findings, as well as to respond to concerns by the Governor
of Maine about the safety and the effectiveness of regulatory oversight of
MYAPS, the NRC Chairman initiated an independent safety assessment of MYAPS.
This assessment was to be performed by a team comprised of staff who were
independent of any recent or significant regulatory oversight responsibility
for MYAPS. Additionally, the assessment was to be coordinated with the State
of Maine to facilitate participation by State representatives consistent with
the Commission’s policy on cooperation with States at commercial nuclear power
plants (57 FR 5462, February 25, 1992).

Licensing and Design-Basis

Maine Yankee was in general conformance with its licensing-basis although
significant items of non-conformance were identified. The licensing-basis was
understood by the licensee but lacked specificity, contained inconsistencies,
and had not been well maintained.

The use of analytic codes for safety analyses was very good. Cycle specific
core performance analyses were excellent. More complicated, less frequently
performed safety analyses contained weaknesses, but the analyses were found to
be acceptable based on compensating margin. Conditions of use specified in
the safety evaluation reports were found to be satisfied, but not documented.

The quality and availability of design-basis information was good overall.
Despite uncorrected and previously undiscovered design problems, the design-
basis and compensatory measures adequately supported plant operation at a
power level of 2440 MWt. However, the team could not conclude, and the
licensee did not demonstrate, that at a power of 2700 MWt the design-basis
assured adequate NPSH for ‘he containment spray pumps and the heat removal
capability of the component cooling water system in the event of a loss-of-
coolant accident.



Operations

Performance in the area of operations was very good, with strengths noted in
the areas of operator performance during routine and transient operating
conditions; shift turnovers and pre-evolution briefs; use of risk informatien
to assure safe operations; and the involvement of management in day-to-day
opera’ ns. MWeaknesses were noted in the area of "workarounds" and
compensatory measures which unnecessarily burdened the operators or
complicated their response to transient conditions. Additionally, log keeping
practices and post-trip reviews lacked rigor.

Maintenance and Testing

Performance ir the area of maintenance was good overall however, testing was
weak. The results of the review of equipment reliability for the auxiliary
faedwater, emergency feedwater, high pressure safety injection, and emergency
diese] generator systems showed mixed equipment performance. Strengths were
noted in the areas of knowledge and use of risk methodologies for planning,
prioritizing, and scheduling work; the control and limited use of temporary
sealants; and a motivated and dedicated work force. Although material
condition was considered good overall, a number of significant material
condition deficiencies were noted as was a decline in material condition
following the 1995 steam generator tubing outage.

Inadequacies in the scope of testing programs were identified, as were
weaknesses in the rigor with which testing was performed and in the evaluation
of testing results to demonstrate functionality of safety equipment. A lack
of a questioning attitude and stressed resources resulted in the use of poor
surveillance procedures and ineffective evaluation of surveillance test data.

Engineering

The quality of engineering work was mixed but considered good overall.
Strengths were noted in the capability and experience of the engineering
staff, day-to-day engineering support of maintenance and operations, in the
guality of most calculations, and in the routine use and application of
analytic codes. However, engineering was stressed by a shortage of resources,
and there was a tendency to accept existing conditions Specific weaknesses
were noted with inconsistent identification and resolution of problems,
inadequate testing, and work on some calculations and analytic codes.

Self Assessment and Corrective Actions

Weaknesses were identified in the areas of problem identification and
resolution. While licensee self-assessments were generally good, they
occasionally failed to identify weaknesses or incorrectly characterized the
significance of the findings. Additionally, some corrective actions were not
timely and others were ineffective, leading to repetitive probiems. Licensee
planning was generally effective, although some weaknesses were found in the
overall implementation of improvement plans. Some economic pressures resulted
in Timitations on resources, which impaired the licensee’s ability to complete

vi



improvement projects that affected plant safety. Equipment problems were not
resolved and improvement programs were not effectively implemented because
the licensee perceived them to be of low safety significance.

Root Causes and Overall Conclusions

While overall performance at Maine Yankee was adequate for operation, a number
of deficiencies were identified by the team in each of the areas assessed.
These deficiencies, which included weak identification and resolution of
problems; weak scope, rigor, and evaluation of testing; and declining material
condition stemmed from two closely related root causes. These root causes
were (1) economic pressure to be a Tow-cost energy producer has limited
available resources to address corrective actions and some plant improvement
upgrades and (2) there is a lack of a questioning culture which has resulted
in the failure to identify or promptly correct significant problems in areas
perceived by management to be of Tow safety significance.

The economic pressures discussed in Section 4.3 resulted in limitations on
resources and interfered with the licensee’s ability to complete projects and
other efforts that would improve plant safety and testing activities.
Examples include the failure to adequately test safety related components
(Section 3.2.4); the Tong-standing deficient design conditions, such as the
undersized atmospheric steam dump valve (Sections 3.1.3.1 and 3.3.1) and
environmental qualification issues (Section 2.3.9); and the lack of effective
improvement programs, such as the design basis reconstitution program
(Sections 3.3.3 and 4.3.2). These and other examples discussed in the report
illustrate the licensee’s willingness tc accept existing conditions, many of
which became operator workarounds (Section 3.1.1.1).

Examples of issues which illustrate complacency and the failure to identify or
promptly correct significant problems, include previously undiscovered
deficient conditions of the service water and auxiliary feedwater water
systems (Section 3.2.2); inadequacies in ventilation systems (Section 2.3.7);
post-trip reviews which lacked rigor and completeness (Section 3.1.2.7);
emergency operating procedures that may not adequately address an inadequate
core cooling event and a steam generator tube rupture under certain conditions
(Section 3.1.3.1); lack of a questioning attitude during test performance and
evaluation that was not conducive to discovering equipment problems, but
rather to accepting equipment performance (Sections 2.2.1, 3.2.2, 3.2.4); and
licensee self-assessments that occasionally failed to identify weaknesses, or
incorrectly characterized the significance of findings (Section 4.1). In
addition, some corrective actions were not timely and others were ineffective,
leading to repetitive problems (Section 4.2).
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1.0 INTRODUCTION
1.1 Background

In December 1995, the Union of Concerned Scientists forwarded anonymous
allegations to the State of Maine, and the State submitted the allegations to
the NRC. The allegations were thit Yankee Atomic Electric Company knowingly
performed inadequate analyses to support an increase in the rated thermal
power at which Maine Yankee Atomic Power Station (MYAPS) may operate. After
performing a technical review, the NRC Office of Nuclear Reactor Regulation
(NRR) issued a confirmatory order on January 3, 1996, limiting power operation
at the plant to the original licensed power level of 2440 MWt.

The NRC Office of the Inspector General (0IG) completed an inquiry into this
allegation on May 8, 1996. O0I6 established that MYAPS had experienced
problems with, and made modifications to, the RELAP/5YA computer code which
was used in the emergency core cooling analysis for a small-break loss-of-
coolant accident. The problems and subsequent modifications were not reported
to the NRC as is required and the code was not used in accordance with the
Safety Evaluation Report and with the Three Mile Island Action Plan Item
11.K.3.3.1. 0IG also reported weaknesses in the NRC review and followup
activities which contributed to NRC failure to detect these deficiencies.

The RELAP issue raised a question of whether similar problems existed in other
areas. In order to address this question, as well as to respond to concerns
by the Governor of Maine about the safety and the effectiveness of regulatory
oversight of Maine Yankee, the NRC Chairman initiated an independent safety
assessment of MYAPS. This assessment was to be performed by a team comprised
of staff who were independent of any recent or significant regulatory
oversight responsibility for Maine Yankee. Additionally, the assessment was
to be coordinated with the State of Maine to facilitate participation by State
representatives consistent with the Commission’s policy on cooperation with
States at commercial nuclear power plants (57 FR 6462, February 25, 1992).

The RELAP issue was the subject of a separate NRC investigation and was not
considered part of this assessment.

1.2 Scope and Objectives

On May 31, 1996, the staff was directed to perform an independent evaluation
of Maine Yankee’s safety performance. The overall goals of the independent
safety assessment were to: (1) independently assess the conformance of MYAPS
to its design and licensing bases including appropriate reviews at the site
and corporate offices; (2) independently assess operational safety performance
giving risk perspectives where appropriate; (3) evaluate the effectiveness of
licensee self-assessments, corrective actions, and improvement plans; (4)
determine the root cause(s) of safety-significant findings and draw
conclusions on overall performance.



1.3 Methodology

The Independent Safety Assessment (ISA) team comprised 25 members: 16 NRC
members, 3 State of Maine members, and 6 contractors. The team was organized
with five functional area leaders reporting to a team leader. The team leader
reported to the team manager who reported directly to the NRC Chairman. The
ISA team members were independent of both the NRC Region I office and NRR. The
team devoted several weeks to preparation that included team meetings and
briefings by the staffs from Region I, NRR, the Office for Analysis and
Evaluation of Operational Data (AEOD), the Office of Investigations and OIG.
On July 15, 1996, the team began a two-week evaluation at the facility,
including the corporate office and the Yankee Atomic Electric Company offices.
The team returned to Maine Yankee on August 12, 1996, for an additional two
weeks of evdluation. The representatives from the team met daily with their
licensee counterparts to discuss team findings.

In addition to the State of Maine’s participation in the assessment, the State
had a two-member process team observe at key assessmert milestones. The
process team provided the State with an assessment of the ISA relative to its
fairness, balance, and objectivity. The State also had a special five-member
citizen’s review team periodically briefed on the ISA team status. The
citizen’s review team provided the State advice on and interpretations of the
ISA team process and findings.

An indepth assessment was cenducted in the areas of plant operations,
maintenance, testing, engineering, analytic code support, and self-assessment
and corrective actions. The assessment consisted of interviews; sysiem
walkdowns; extended contro! room observations; system reviews of service
water, high pressure safety injection, and emergency diesel generators;
program, process, and procedure reviews; and analytic code reviews. In
addition, an extensive reliability analysis of auxiliay feedwater, emergency
feedwater, high pressure injection, and emergency diesel generator systems was
performed. Emphasis was placed on identifying both licensee strengths and
performance weaknesses.

The assessment relied on the existing NRC benchmark for assessing performance
utilized in the NRC Systematic Assessment of Licensee Performance Program
(SALP). Specifically:

L Superior performance is defined as follows:

Licensee attention and involvement have been properly focused on safety
and resulted in a superior level of safety performance. Licensee
programs and prucedures have provided effective controls. The
licensee’s self-assessment efforts have been effective in the
identification of emergent issues. Corrective actions are technically
sound, comprehensive, and thorough. Recurring problems are eliminated
and resolution of issues is timely. Root cause analyses are thorough.



w Good performance is defined as follows:

Licensee attention and involvement are normally well focused and
resulted in a good level of safety performance. Licensee programs and
procedures normally jrovide the necessary control of activities, but
deficiencies may exist. The licensee’s self-assessments are normally
good, although issues may escape identification. Corrective actions are
usually effective, although some may not be complete. Root cause
analyses are normally thorough.

L Acceptable performance is defined as follows:

Licensee attention and involvement have resulted in an acceptable level
of safety performance. However, licensee performance may exhibit one or
more of the following characteristics. Licensee programs and procedures
have not provided sufficient control of activities in important areac.
The licensee’s self-assessment efforts may not occur until after a
potential problem becomes apparent. A clear understanding of the safety
implications of significant issues may not have been demonstrated.
Numerous minor issues combine to indicate that the licensee’s corrective
action is not thorough. Root cause analyses do not probe deeply enough,
resulting in the incomplete resolution of issues.

One area of this assessment, review of the use and application of analytic
codes, is not typically reviewed as part of the NRC regulatory process.
Consequently, a panel of acknowledged experts in the area of code development
and phenomenology were assembled and provided a critical review of the
findings and observations of the ISA team in this area.

1.4 Facility Description

The Maine Yankee Atomic Power Station is located in the tidcowater area on
Bailey Point Road in Wiscasset, Maine. The plant is a Com  Lion Engineering
pressurized-water reactor. The facility was constructed by Stone & Webster,
which also served as the architectural engineer. The full power operating
license was issued on June 29, 1973.

1.5 Organization

The Maine Yankee Atomic Power Station is owned and operated by the Maine
Yankee Atomic Power. Company. The chart, Appendix B, illustrates the Maine
Yankee organizational structure for management and support of the Maine Yankee
Atomic Power Station.



2.0 CONFORMANCE TO DESIGN AND LICENSING BASIS

This section describes the conformance of Maine Yankee to its design and
licensing-basis. Significant aspects of the design of Maine Yankee were based
on handling "worst case" situations such as a postulatea rupture of a main
steam line or a large break of reactor cooclant system piping along with
additional assumptions, such as, the failure of mitigating equipment
coincident with a loss of offsite power. This approach establishes the
deterministic licensing basis. This deterministic approach along with
conservative design, effective maintenance, and thorough testing provides an
inherent margin of safety and defense-in-depth to cope with actual transients
and accidents that may occur.

To confirm plant conformance to the licensing basis, the team reviewed
transient and accident analyses (see Section 2.1), and equipment design issues
(see Sections 2.2 and 2.3). Discrepancies between actual operations, safety
analyses, design features and capability, and descriptive and numerical values
gont:ined in the Final Safety Analyses Report (FSAR) are summarized in

ection 2.4.

2.1 Transient and Accident Safety Analyses

Cycle-specific core performance analyses, such as the Control Element Assembly
(CEA) drop transient described below, were excellent.

More complicated, less frequently performed systems safety analyses contained
weaknesses, such as those associated with the steam 1ine rupture accident, but
the analyses were found to be acceptable based on compensating margin.
Overall, use of analytic codes for safety analyses was very good. SER
conditions were found to be satisfied but not documented. Code validation was
mixed: excellent for physics and fuel codes, while weak for systems codes.

2.1.1. Amalytic Code Support

The team evaluated the analytic code support provided by Yankee Atomic
Electric Company (YAEC) for Maine Yankee Atomic Power Company (MYAPCo) to
assure that Maine Yankee was operated within the bounds of the safety
analyses. This assessment was performed by roviewing the YAEC process for
conducting non-LOCA safety analyses described in Chapter 14 of the FSAR, and
an indepth review of two specific safety analyses: the CEA drop transient and
the steam 1ine rupture accident. Selection of the dropped CEA transient for
in-depth review provided a structured means to examine many of the codes used
by YAEC while selection of the steam line rupture analysis for review provided
a forum for reviewing a dynamic accident analyzed with a complex systems code.

The overall review included: (1) identification of the design-basis analyses
for postulated accidents and anticipated operational occurrences, (2)
identification cf codes, methods, and limitations, based on the team’s review
of topical reports and NRC safety evaluation reports (SERs), (3) an assessment
of how limitations, restrictions, and boundary conditions are reflected in the
safety analyses. Central to the assessment was the verification that
conditions of approval contained in NRC SERs had been satisfied in the safety
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analyses. The ISA team also specifically examined code validation using
guidance contained in Generic Letter (GL) 83-11, "Licensee Qualification for
Performing Safety Analyses in Support of Licensing Actions,” February 8, 1983.

A1l analytic codes used for the current fuel cycle (Cycle 15) reference
analyses, and a matrix of codes and transient and accident analyses
applications are shown in Tables 1 and 2, respectively. Analytic methods are
listed in Maine Yankee Technical Specification 5.14.2 and in the Core
Performance Analyses Report for Cycle 15 (YAEC 1907, Revision 2), which is
also Appendix D of the FSAR. As indicated in Table 1, "Maine Yankee
Analytical Codes for Fuel Cycle 15", most SERs contained conditions of
approval. Table 2, Codes Used for Key Transients, shows the application of the
codes and methods to specific transient and accident analyses.




Table 1
MAINE YANKEE ANALYTIC CODES FOR FUEL CYCLE 15

CASMO-3G Physics 1
SIMULATE-3 Physics 2

l STAR Physics - Space/Time 2
FROSSTEY-2 Fuel Performance 4
COBRA-11IC Generic Core and Fuel Hydraulic 112
COBRA-IIIC Plant Core and Fuel Hydraulic 0
Specific
YAEC-1 CHF Critical Heat Flux Correlation

I SCu Statistical Uncertainties Applied 0

to Thermal Margin Setpoints
RETRAN 02 Mod 2 System Thermal Hydraulic 39 I
Generic
RETRAN 02 Mod 2 System Thermal Hydraulic 0 W
Plant Specific
BIRP Reactivity Balance 0
CHIC-KIN Integrated Single Channel Fuel, ) 0 I
T/H, Physics

GEMINI-I1 System Thermal Hydraulic

" SER conditions are limitations, application restrictions, and verification
and validation issues within which the code and application are judged
acceptable to the staff.

® Conditions for COBRA-11IC Generic are imposed by the author and are
described in the Topical Report BNWL-1695.
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2.1.2 SER Conditions Satisfied But Not Documented

The ISA team found that YAEC calculations of transients and accidents
conformed to all applicable SER conditions. In some cases SER conditions were
explicit and readily verified. In other cases SER conditions were requests to
provide justification for certain models, the selaction of correlations, and
inputs. In these cases the ISA team reviewed the conditions within the context
of the code application.

YAEC did not have a written process to document how safety analyses conformed
to SER conditions. Some conditions were clearly known, considered, and used by
YAEC. Other cenditions could not be shown to be satisfied until additional
analyses, assessments, and sensitivity studies, were accomplished in response
to ISA requests. This new work demonstrated that all SER conditions had been
satisfied, although the disposition of some issues required reliance on the
known conservatisms in specific accident analyses.

2.1.3 Control Element Assembly Drop Transient

The CEA drop transient analysis which used many of the YAEC codes and methods,
was performed in an excellent manner.

The CEA drop was one of the 10 non-LOCA transients normally reanalyzed for
each cycle. The following set of NRC-approved codes and methods was used:
CASMO-3G/TABLES-3, SIMULATE-3, FROSSTEY-2, GEMINI-II, COBRA-IIIC (YAEC-1 DNB),
Reactor Protective System (RPS) setpoint methodology, and Statistical
Combination of Uncertainties (SCU).

Predicted fuel bundie and fuel rod power distributions were obtained from the
physics code SIMULATE-3, which in turn used neutron cross sections from CASMO-
3G. An ISA team review of predictei and measured fuel bundle power
distributions showed excellent agreement over several fuel cycles.

FROSSTEY-2 was a steady-state fuel performance code used to calculate margin
to fuel centerline melt using bounding values from a large number of fuel rod
powers and power shapes. The FROSSTEY-2 SER review was performed by the
authors of its predecessor code, GAPCON-THERMAL. There were numerous
iterations between YAEC and the reviewers, and substantive modifications to
the code resulted. The two SER conditions on FROSSTEY-2 were straightforward:
(1) a local burnup 'imit of 60,000 MWd/MTU and (2) the inclusion of fuel
manufacturing uncertainties. The local burnup Timit was administratively
controlled at Maine Yankee, and manufacturing tolerances were accounted for in
the statistical combination of uncertainties. For code validation, FROSSTEY-2
was compared to a significant PWR fuels data base. Probability/confidence
Timits of 95/95 for centerline welt temperature were used which included code
and input uncertainties and were a function of fuel burnup. Fuel performance
calculations considered the multiple fuel types and multiple projected burnup
histories, and were excellent overall.

GEMINI-IT was a simplified systems code used to predict changes in reactor
coolant system (RCS) pressure and core inlet temperature associated with the
CEA drop transient. YAEC used the minimum RCS pressure calculated with



GEMINI-11 for the COBRA-I11IC subchannel analysis which was a conservative
assumption. Since the GEMINI calculated transient temperatures were less than
maximum core inlet temperatures contained in the plant Technical
Specifications (TS), the TS value was used in the COBRA subchannel analyses,
again a conservative assumption. GEMINI-I1 contained a very simplified
treatment of reactor coolant and secondary systems. The RCS was modeled as
four lumped volumes where fluid mass was constant and subcooled, and the
secondary system was modeled as a single saturated volume. The pressurizer
model contains two regions in which equations for mass and energy ware solved.
Interfacial heat transfer in the pressurizer was zero. Steam-to-wall heat
transfer was not modeled. There was a point kinetics model of the core. An
energy balance was performed by the code. Benchmarking of the code was
minimal. Despite its simplicity, the mild thermal-hydraulic transient
associated with the CEA drop transient (i.e., small changes in reactor power,
pressure, and temperature) was not a challenge to the modeling approach in
GEMINI-I1I, and was acceptable for this application.

COBRA-111C was a multiple channel core fluid behavior and departure from
nucleate boiling (DNB) analysis code, which was used twice in the YAEC
methodology for DNB. COBRA-IIIC was first used to model a one-eighth
symmetric core section using vendor-supplied fuel assembly flow resistances to
determine an inlet flow penalty to be used in subchannel DNB analyses. The
penalty was determined conservatively from bunile-sized hydraulic parameters
and power factors. Next, COBRA-IIIC subchannel analyses were performed to
determine individual subchannel DNB limits. This was done for a collection of
adjacent pins and sub-channels that had a high probability of reaching DNB.
This analysis used the most limiting of a large number of fuel pin power
leve': and axial power profiles using conservative values for inlet flow,
iret temperature, and system pressure.

The YAEC-1 DNB correlation used by YAEC in the second COBRA-IIIC analyses
discussed above was developed from a substantial number of experiments at
Columbia University using 14X14 fuel simulators of the exact geometry
originally used in Maine Yankee. The data, the COBRA code, the correlation,
and associated biases and statistical combination of uncertainties were a
matched set used to establish a minimum DNB.

The ISA team discussed the YAEC application of COBRA 111-C with the code
authors. In BNWL-1695°, the author of the original COBRA code, stated that
all 11 user-selected correlations should be justified. One of the COBRA IIIC
authors told the ISA team that the selections of correlations by YAEC were
reasonable as long as the selections remained constant for the application as
well as for the development of the DNBR correlation. This was the correct
procedure and was followed by YAEC.

The Cycle 15 core coisisted of a mixiure of Combustion Engineering, Siemens,
and Westinghouse fuel. Fuel procurement specifications were used to assure

%D. S. Rowe, "COBRA 111 C: A Digital Computer Program for Steady State
and Transient Thermal - Hydraudic Analysis of Rod Bundle Nuclear Fuel
Elements, " March 1973, Battelle, Pacific Northwest Laboratories
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that minimal geometric differences affecting DNBR would exist among different
fuels within the same reload. YAEC has also required vendor flow testing to
assure that appropriate flow resistances were applied in the one-eighth core
analyses for determining flow penaities.

Overall the CEA drop analyses performed by YAEC for Maine Yankee was found to
be excellent for the following reasons:

(1) Power distributions were found to be accurate and uncertainties treated
appropriately.

(2) The GEMINI analysis was applied in a conservative manner for the CEA
drop transient.

(3) The fuel centerline melt analyses using FROSSTEY-2 with uncertainties
was found to be conservative.

(4) The consistent application of the C: umbia University DNB tests, the
COBRA-111C code, the YAEC-1 correlation, and the statistical combinatien
of uncertainties was appropriate.

(5) Careful fuel procurement specifications and application of inlet flow
penalties provided confidence that DNB analyses with mixed cores is done
appropriately.

2.1.4 Main Steam Line Rupture

Although weaknesses were found, the main steam line rupture analysis was found
to be acceptable due to compznsating conservatisms.

YAEC used the RETRAN 02 MOD 2 and Boron Injection RITRAN Post-processcr (BIRP)
codes for analyses of the main steam 1ine rupture (MSLR) event for Cycle 15.
RETRAN 02 MOD 2 was used to simulate the primary and secondary system thermal-
hydraulic responses following an MSLR. BIRP was used to calculate the
reactivity feedback associated with the steam line rupture and consequential
primary system cocldown.

YAEC performed calculations for a spectrum of MSLR .ases for Cycle 9 inciuding
cases at hot full power (HFP) and zero power, for & range of postulated
equipment failures. For Cycle 11, the calculation “or the bounding HFP case
was repeated and was the reference for the current Cycle 15 analyses. For
Cycle 15, only reactivity effects were recaiculated.

RETRAN 02 MOD 2 was a one-dimensional thermal-hydraulic computer program
intended for use in analyzing the consequences of operational transients in
Tight water reactors. The code solved the equations of continuity, energy, and
momentum to simulate the primary and secondary fluid temperature and pressure.
The code contained an equilibrium formulation with non-equilibrium conditions
modeled in the pressurizer and reactor vessel upper head. Core heat transfer
was simulated with a one-dimensional heat-conduction model in which the
boiling curve was employed to treat the convective heat transfer between the
fluid and the fuel rods. Point kinetics were used to compute core power. £
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bubble rise model was emploved to treat two-phase flow and phase separation
effects. This code was provided through the Electric Power Research Institute
(EPRI) and has an extensive user group.

The Boron Injection RETRAN Post-processor (BIRP) was a separate code used to
evaluate the reactivity feedback effects to determine the potential for a
return to criticality during the MSLR. It used RETRAN 02 MOD 2 thermal-
hydraulic results as input. BIRP was used to calculate the soluble borgn
concentration due to safety injection during the steam line rupture, as well
as the overall reactivity balance.

The NRC issued an SER on the use of RETRAN 02 MOD 2 and BIRP on October 2,
1985, with no SER conditions for the Maine Yankee plant-specific analyses.
However, a generic SER with 39 SER conditions was issued on September 4, 1984,
regarding the use of RETRAN 02 MOD 2. The ISA team reviewed these conditions
within the context of the MSLR application to Maine Yankee. Nine conditions
did not apply to PWRc. Another 22 conditions were explicitly met because of
the modeling approach and application to the MSLR. The remaining eight
conditions all involve modeling and validation and are subject to
interpretation. On the basis of sensitivity studies performed by YAEC and
compensating conservatism in the MSLR analyses described below, the ISA team
concluded that these conditions had been satisfactorily addressed.

During the assessment, the team found a number of errors and inconsistencies.
YAEC performed several sensitivity studies to quantify the issues for the
team. Following is & discussion of the more substantive issues.

(1) The pressurizer and reactor vessel upper-head interfacial heat-transfer
coefficient was assumed to be 1000 Btu/hr-ft’-*F. This coefficient was
non-physical and inconsistent with the test data in the literature such
as the Massachusetts Institute of Technology (MIT) pressurizer data .
Use of this coefficient is incorrect; however, MSLR results were
unaffected by this assumption since it is a depressuri.ation event.

(2) There was a lack of RETRAN 02 M 2 benchmarking against separate-
effects and integral and plant data; for example, MIT pressurizer data,
Shippingport plant data, Loss of Fluid Test (LOFT) loss-of-load test,
and MSLR integral tests.

(3) Liquid flow spikes were observed in steam line break flow, violating the
model assumption that only pure steam exits the break to maximize the
cooldown. This demonstrated that an error existed in the bubble-rise
mode] in the code. However, the overall cooldown was unaffected by
these spikes.
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(4)

(5)

(6)

A possible non-conservative omission in the RETRAN 02 MOD 2 enthalpy
transport model was found. The work term (PV) in the total energy
equation was intentionally omitted as a simplification to the code.

This omission could produce enthalpies exiting the core and steam
generators that were too high, thereby decreasing the cooldown rate. The
evaluation of the effect of this term indicates a less-than-5 °F
variation in the steam generator and core exit temperatures.

There were no justifications or sensitivity studies for the assumed
fluid mixing in the RCS. Use of scaled flow data to justify modeling of
the reactor vessel lower plenum and upper plenum as single nodes was
inappropriate since the data did not include th: asymmetric temperatures
reflective of the MSLR event. Subsequent sensitivity studies performed
by YAEC for the ISA team showed that although the initial cooldown
progresses at a faster rate early in the transient when a split core
rather than a single channel was modeled, the minimum temperature
achieved during the MSLR did not change.

An inadvertent switch in secondary-side heat transfer from nucleate
boiling to transition boiling and forced convection to steam was noted
in the hot zero power analyses. YAEC corrected this error and the new
results showed that the full-power MSLR analyses remained limiting.
However the hot zero power cases were very close to the limiting full

power case.

The MSLR analysis was judged to be bounding because the modeling of the heat
removal from the secondary side of the steam generator resuited in an
excessively low RCS temperature. The conservatively low predicted temperature
was supported by the following conservatisms and supporting analyses:

(1)

(2)

In the calculation, the heat extraction by the secondary- side was not
degraded as the secondary level decreased. The full heat removal
capability was assumed until all of the secondary liquic was boiled off.

Comparisons of the YAEC secondary-side modeling approach to an MSLR test
at the LOBI‘test facility showed that the YAEC approach conservatively
under-predicted the test data. while the LOB! test cannot be directly
used to guantify the conservatism of the MSLR calculation due to scaling
and modeling issues, simulation of the LOBI test® with RETRAN 02

MOD 2 qualitatively demonstrated the conservatism.

“L0BI, Loop Blowdown Investigation Facility
S»pretest Predictions for a LOBI-MOD2 Large Steam Line Break" by P.

Lightfoot, J. Burchley, J. Rogers. Procedings to the 5th International RETRAN

Conference EPRI NP-5781-SR April 1988
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2.1.5 Lack Of A Documented Proces: To Demonstrate Code Capability

YAEC did not have a documented process in place to identify and rank key
phenomena for each of the transients and accidents in the safety analyses
report and in turn identify needed code validation and parametric study
efforts. Some codes, such as the physics and DNB codes, were found to have
extensive validation to actual plant measurements and experimental data
respectively. In contrast, the ISA team found that there was overreliance on
industry RETRAN validation efforts, and that validation of RETRAN for the MSLR
accident at YAEC was weak. During the ISA, YAEC initiated the writing of a
"Methods Overview Manual™ which was intended to address these issues.

2.2 Design pnviau 0f Selected Systems

The ISA team conducted an in-depth design review of: (1) the high-pressure-
safety injection (HPSI) system; (2) service water, which included the service
water (SW) system, the primary component cooling water (PCCW) system, and the
secondary component cooling water (SCCW) system; and (3) the electrical
system, particularly as it pertained to HPSI and SW. This design raview
consisted of an evaluation of the ability of these systems, as modified,
maintained, tested, and operated by the licensee, to perform their intended
safety functions through an in-depth review of the work of the various
engineering disciplines (mechanical, glectrical, instrument and controls).

2.2.1 High-Pressure-Safety Injection (HPSI) System

As a result of the ISA team’s finding that the circuitry of one of the
containment spray pumps (P-61S) and the recirculation actuation system (RAS)
manual switch was not periodically tested, the licensee discovered that HPSI
pump P-14A would not have actuated automatically after a loss-of-coolant
accident (LOCA) with offsite power available. The ability of the containment
spray (CS) system to provide a reliable supply of water to HPSI pump suction
during the recirculation phase of a LOCA was not adequately demonstrated for
plant operation at power levels abuve 2440 MWt due to the potential for CS
pump cavitation. With these exceptions, the ISA team found that the HPSI
system would have functioned as intenged; however, other weaknesses were noted
with testing.

2.2.1.1 HPSI System Description

The HPSI system, the low pressure safety-injection (LPSI) system, and the CS
system were the subsystems of the emergency core cooling system (ECCS). The
HPS] system consisted of three pumps and associated valves, instrumentation,
and piping. One pump was normally operating as a charging pump, a second pump
was aligned for standby operation, and the third pump was available as a
spare. Upon a safety injection actuation signal (SIAS), ECCS pump suction
would be automatically aligned to the refueling water storage tank (RWST).
Following injection of approximately 200,000 gallons from the RWST, the ECCS
would go into the recirculation phase, the HPSI system would realign to take
suction from the discharge of the CS pumps, the CS pumps would take suction
from the containment sump, and the LPSI pumps would be stopped.

13




2.2.1.2 Flow Testing

The HPSI system showed 1ittle-to-no margin in performance, particularly when
operating at maximum flow conditions. The operating point for the HPSI pumps
under these conditions was beyond the design information supplied by the pump
manufacturer. The acceptability of the operation of these pumps under these
conditions was established by licensee tests. These tests may have shown some
degree of cavitation and an uncertain, but likely very small, margin. These
l1n1ting conditions would exist only in the low probability event of a large
reak LOCA.

The HPSI system was set up to operate under maximum flow conditions
(approximately 800 gpm) at an operating point approximately 60 gom beyond
maximum flow on the pump curve provided by the pump manufacturer. Flow and
net positive suction head (NPSH) data from the pump manufacturer were not
available for this operating point. The licensee based the acceptability of
the system on testing done on site in 1972 and 1993. The ISA team reviewed
the results of these tests in detail and concluded that, although in the
engineering judgment of both the ISA team and the licensee that the HPSI
system was operable, the tests lacked rigor.

Preoperational HPSI pump runout tests were conducted in July 1972, and flow
values were recorded up to 805 gpm with limited documentation of pump
conditions and system lineup. However, the corresponding RWST tank and
temperature were approximately 70,000 gallons and 105° F, and the tests were
run after the HPSI flow to the three loops was balanced. The licensee later
changed the minimum RWST level prior to sump recirculation to approximately
100,000 gallens, resulting in several additional feet of NPSH available to the

pumps .

Additional HPSI pump testing at high flow conditions was done in 1993
following adjustments performed on the loop throttle valves. Regarding this
testing, NRC Inspection Report 50-309/93-22, dated October 25, 1993, stated,

During a dynamic test of motor operated valve (MOV) HSI-M-41, what
appeared to be runout conditions were observed at high pressure
safety injection (HPSI) Pump P-14A. The pump was noisy and with a
flow measured at 796 gpm (not including the recirculation flow)
the pressure was less than 390 psig. Upon further testing, the
pump noise was still present when total flow was BOO gpm. While
pump vibration and temperature remained normal, the licensee was
unable to determine that initial pump cavitation was not
occurring.

On the basis of the concerns of the ISA team regarding these tests (adequacy
of documentation and instrumentation) and in order to provide additional
assurance of the proper operation of the system, the licensee plans a future
test of the HPSI pumps in a technically rigorous manner to fully demonstrate
the available margin.
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2.2.1.3 Throttle Valve Settings

HPSI flow control into the reactor coolant system (RCS) was controlled by
three throttle valves per train that were set with a tolerance that may be too
high. The ISA team was concerned with the critical nature of the setup of
these throttle valves because unintended variations of as little as 20 gpm
could result in some cavitation, if flow was too high, or not meeting design
flow values assumed in the LOCA analysis, if flow was too Tow.

The position of the HPSI throttle valves (3-inch globe valves) was being
controlled by th: licensee within a tolerance of + 1/16 inch based on full
flow testing dove in 1993. During this testing, the throttle positior of
these valves wa. established and mechanical stops were set. The licensee
stated that ‘tolerance on the position of these valves was based on using a
ruler to measure how far the stem moved. In 1994 the licensee began to use a
Qig;ta\ micrometer that measured stem position of these valves to within .00]
inch. '

The Ticensee did not have specific test data to evaluate the impact of this
tolerance or a specific coefficient of fiow (Cv) value for the throttle valves
that could be used to calculate the impact of the tolerances on HPSI delivery
flow. Estimates using a licensee supplied Cv that may be typical for this
type of valve conciuded that this tolerance band could cause a flow variation
of more than 20 gpm per valve.

Actual flow through the HPSI throttle valves was measured each refueling cycle
by Procedure 3.1.15.3, "ECCS Operational Pump Flow and Check Valve Testing.”
Flow measurements to each loop were measured and evaluated to ensure an
adequate amount of total flow to the RCS and to ensure an acceptable flow
distribution among the three loop injection points to account for the
possibility that, in an accident, the flow through one loop may bypass the
core by going out the break. Although this test could not be used to
definitively evaluate the settings of the throttle valves under full flow
conditions (essentially no reactor coolant system back pressure), it did
provide a realistic appraisal of system performance and would indicate a gross
mis-adjustment of the throttle valve settings. The ISA team reviewed the
results of the last performance of this test, as it pertained to the HPSI
system, in November 1995, and foun: them acceptable.

The planned HPSI flow testing to verify pump conditions at high flow will also
enable the 1icensee to reset the position of these valves using a more precise
tolerance to ensure that required flow is met and runout conditions are not
exceeded. The licensee plans to include the resetting of these valves to a
more precise tolerance as part of that flow testing.

2.2.1.4 CS System Support to the HPSI System
The ability of the CS system to provide a reliable supply of water during the

recirculation phase of a LOCA was not adequately demonstrated for operation at
power levels above 2440 MWt due to CS pump cavitational concerns. These
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conditions would exist only in the lTow probability event of a large break
LOCA.

Maine Yankee was licensed to pre-1971 general design criteria (GDC) in
Appendix A to 10 CFR Part 50. These criteria were provided in Appendix A of
the Maine Yankee FSAR. FSAR Criterion 44 provided requirements for ECCS and
stated in part, "The performance of each emergency core cooling system shall
be evaluated conservatively in each area of uncertainty." The ISA team
reviewed current and historical design calculations to evaluate if net
positive suction head available (NPSH,) for the CS pumps during the
Eeﬁirc?lation phase was derived with the appropriate conservatism required by
riterion 44.

The license€ asserted, and the ISA team found no evidence to contradict, that
Maine Yankee was not counitted to the requirenents of Regulatory Guide 1 1,
formerly Safety Guide 1, dated November 2, 1970°, which stated in part that
"Emargency core cooling and containment heat reuovaI systems should be
designed so that adequate NPSH is provided to system pumps assuming maximum
expected temperatures of pump fluids and no increase in containment pressure
from that present prior to postulated loss of coolant accidents.® The
licensee assumed a less conservative CS pump NPSH, taking credit for accident
induced containment pressure to demonstrate that NPSH, was greater than or
equal to the net positive suction head required (NPSH,).

The original NPSH calculation (MYC-272, Revision 2,"NPSH Study, Containment
Spray Pumps”), assumed a sump temperature of 190 °F and zero containment over-
pressure, although the maximum sump temperature was predicted to be
significantly in excess of 212 °F. The licensee recognized the need to
improve the quality of this analysis and began reanalyzing CS pump NPSH in
1995.

The current design basis NPSH calculation (MYC-1804, Revision 0, "Containment
Spray Pump NPSH") established a time-dependent correlation between the NPSH,
and NPSH, based on transient LOCA containment pressure and temperatures. This
calculation showed an NPSH, of 15.3 feet and a positive margin of NPSH of less
than 1 foot. A very sophisticated multi-node RELAP/MOD3 model was used to
calculate blowdown mass and energy to the containment. A very simple one node
code (CONTEMPT-LT28) used this information as an input to calculate the
containment pressure and sump temperature required for determining NPSH, This
analysis also assumed an initial power level of 2700 MWt. During the ISA the
licensee provided information from the pump manufacturer which indicated that
the pumps in question could be expected to operate for up to 15 minutes
without damage with an NPSH, of 11.4 feet at 3700-3900 gpm.

The following weaknesses were identified in this analysis.

“*Net Positive Suction Head for Emergency Core Cooling and Containment
Heat Removal System Pumps”
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(1) The precision of the analytic technigue and the sensitivity of the
analysis to containment sump temperature.

The team’s evaluation of the results (NPSH, values) indicated that a change in
sump temperature of only 1 °F would change the result by about 1 foot. NPSH,
was calculated based on iteration between the two computer codes described
above, that have an unknown degree of uncertainty for this type of analysis.
In particular, CONTEMPT-LT28 has options intended to bound the extent of
mixing between the containment atmosphere and the break effluent, since a
single node cannot address this phenomenon. Also, no validation for this type
of analysis was presented. Given the uncertainty in the codes, the iteration
scheme, and the sensitivity of the final product of this calculation, the ISA
team questioned the validity of this calculational approach and the specific
modeling assumptions used.

(2) Incorrect calculation of bounding CS pump suction head losses.

The suction pipe friction losses were developed for pump P-61A in calculation
MYC-272, Revision 4, "CS Pump Suction Losses During RAS." Assumption two of
this calculation stated that the suction piping arrangements to pumps P-61S
and P-61B were virtually identical to pump P-61A. Therefore, this calculation
was assumed to bound the worst-case condition for all three pumps. The ISA
team determined that the suction piping arrangement for pump P-61S would
result in higher suction piping frictional losses than those calculated for
pump P-61A. As a result of the ISA team’s concern, the licensee performed an
evaluation that confirmed an increase of suction pipe friction losses from 4.5
feet to approximately 5.3 feet.

(3) Use of a hot fluid temperature correction factor.

The licensee took credit fer reduction of the NPSH, requirements due to the
increased sump temperature. This phenomenon was described in the Hydraulic
Institute Standards. The ISA team viewed the use of the NPSH, correction for
this application as an example of a non-conservative assumption.

The Hydraulic Institute Standards (currently American National Standard for
Centrifugal Pumps, ANSI/HI 1.1-1.5-1994) provided Timitations and precautions
for use of the NPSH, temperature reduction, including considerations of
entrained air or other gases present in the 1iquid and consideration of the
susceptibility of the suction system to transient changes in temperature and
absolute pressure. The ISA team considered that both of these limitations
merited consideration because the sump water may not be sufficiently deareated
and the CS pump would be undergoing a significant temperature transient near
the time of minimum availability of NPSH. However, the calculation was silent
on applicability of these limitations.

Following the assessment, the licensee conducted additional analysis to
support plant operation at up to 2440 MWt. After reviewing this information,
the ISA team concluded that it was appropriate to consider these pumps
operable at power levels up to 2440 MWt.
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2.2.2 Service Water/Component Cooling Water

The ISA team concluded that the support systems, service water and component
cooling water, designed to remove decay heat and heat generated by individual
components were capable of performing their design function up to the
presently authorized power of 2440 MWt.

2.2.2.1 System Description

The service water (SW) system was comprised of four SW pumps (housed in the
circulating water pump house), four heat exchangers (two each for primary
component cooling water (PCCW) and secondary component cooling water (SCCW),
and interconnecting piping and valves. The PCCW and SCCW heat excharnjers
consisted of two pairs of heat exchangers, an older and smaller one and a
newer and relatively larger one (by approximately 20 percent), in zach pair.
The newer heat exchangers had titanium tubes and the older one hzd copper-
nickel tubes. The SW system provided the ultimate heat sink foi- cooling of
plant equipment. The system provided safety and non-safety functions by
pumping seawater through the PCCW and SCCW heat exchangers.

The PCCW and SCCW systems performed an integrated function with the service
water system in cooling plant equipment and removing decay heat. Each
subsystem consisted of two pumps, the heat exchangers described above, and a
flow distribution piping network. These subsystems absorbed heat from
individual component coolers and from the residual heat removal (RHR) heat
exchangers (one per train), which represented the major post-accident heat
load in removal of heat from the containment building.

2.2.2.2 Availability of Seawater Flow Into the Service Water
Intake Structure

A bottom contour map based on a 1994 survey of the area near the circulating
water pump house showed relatively open access to the Back River and
ultimately to the Atlantic Ocean. Therefore, an ample water supply was
assured to the SW system.

2.2.2.3 Service Water Pump NPSH

The service water pumps had sufficient margin of submergence over the range of
operating tide levels.

In the installed configuration, the pump inlet flanges were at an elevation of
-14 feet 6 inches, and all pumps were shop tested to a water level of 2 feet 6
inches above the pump inlet. The water level at minimum submergence would
therefore be at elevation -12 feet. A review of tidal records from 1989 to
present (except 1995 when the plant was not operating) showed that elevation
-7 feet (with small variations) was the low tide level.

2.2.2.4 Circulating Water Pump House Flooding

Adequate provisions were in place to mitigate the impact of flooding in the
circulating water pump house. These provisions included level alarms, header
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pressure switches that provided information if the headers failed, check
valves to prevent d-=ain back, and a 7-1/2 feet seismic wall that separated the
circulating water pumps from flooding the SW space. In the event of flooding,
the operators had sufficient information and time to locate the problem and
isolate it before damaging the SW pump motors.

2.2.2.5 Residual Heat Removal (RHR) Heat Exchanger Thermal Transient

The ISA team found that, with the plant operating at 2700 MWt, the most
limiting design-basis thermal transient, shifting to recirculation during a
LOCA, on the RHR heat exchangers was beyond their design specification and had
not been analyzed. The consideration of this thermal transient, apparently
not explicitly addressed in conjunction with the power upgrade to 2700 MWt,
was considered a weakness. Once again, these limiting conditions would exist
only in the low probability event of a large break LOCA.

The maximum heat transfer rate, according to the RHR heat exchanger vendor,
was approximately 120 MBtu/hr during a transient of 10 seconds; the heat
exchanger could sustain 50 cycles of this transient. The power upgrade to
2700 MWt increased the maximum containmert sump temperature to 255 °F, which
resulted in a LOCA heat transfer rate of 137 MBtu/hr (calculation MYC-1742,
Revision 1). A fatigue analysis of the heat exchangers at the higher thermal
threshold was not performed; therefore some assurance was needed that the
alternating stresses for the various subassemblies of the heat exchanger would
not exceed their limits.

As a result of the ISA team’s inquiry, the licensee investigated the impact of
the higher thermal threshold. The original transient analysis calculation was
no longer available. However, the vendor was able tz provide a stress report
for a heat exchanger of similar design and materials. The ISA team reviewed
this information and concluded that these heat exchangers could be considered
ogerab]e at the higher thermal values resulting from plant operation at

2700 MWt.

2.2.2.6 SW and PCCW/SCCW Integrated Operation

Calculations demonstrating the design margin of the SW, SCCW, and PCCW systems
(PCCW and SCCW will be referred to as the component cooling water (CCW)
systems) showed essentially no margin for the CCW systems in their ability to
perform their safety-related functions. The component inlet temperature of
the CCW system loads was set at 118 °F, which appeared to be the maximum
temperature for assuring adequate heat removal from system loads under
accident conditions. By the use of calculations, all of the available margin
was transferred to the SW system to optimize operational flexibility. The
limiting conditions of this analysis would be significant only in the Tow
probability event of a large break LOCA.

The ISA team was concerned with this approach to operation of the SW and CCW
systgms because of the lack of margin in the CCW supporting calculations and
the material condition of the system (heat exchanger bypass valves). Despite
these non-conservatisms, the ISA team concluded that it was appropriate to
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consider the PCCW/SCCW systems operable at power levels up to 2440 MWt. The
ISA team was unable to conclude, and the licensee did not demonstrate, that
these heat removal systems would perform adequately under design-basis
accident conditions originating from a power level of 2700 MwWt.

On the basis of this integrated heat removal analysis, an engineering
directive had been provided to ensure the SW system would be operated within
certain limits. However, the operating limitations provided in the
engineering directive were not bounded by the licensing commitments. Section
9.4.1 of the FSAR stated, "The component cooling water system heat balance was
performed in 1990 ... demonstrating adequate capacity for design basis
post-LOCA conditions assuming a service water inlet temperature of 80 °F for
CCW heat exchangers E-4B and E-5A, and 90 °F for CCW heat exchangers E-4A and
E-5B." The ‘engineering directive restricted the maximum SW temperature to
70.2 °F for E-4B and E-5A (the older Cu-Ni units), and 78.5 °F for E-4A and E-
58 (the newer titanium units). On the basis of the licensee’s analysis, the
gCH :ys:e:s would not support plant operation up to the SW temperature values
n the FSAR.

Integrated operation of SW and PCCW/SCCW was non-conservatively analyzed due
to:

1. CCW and RHR Heat Exchanger Fouling and Testing

Fouling factors used for the CCW and RHR heat exchangers were not
appropriately conservative given the lack of reliable testing done to confirm
the assumed values.

The ISA team’s review of heat exchanger test results and test practices
identified that the test program was still being developed, and there was not
enough reliable test results to support use of the fouling values used in the
licensee’s design calculations.

The ISA team had the following specific concerns with the licensee’s heat
exchanger testing program:

(a) Instrument uncertainty was not accounted for in determining the fouling
values.

(b) The installed locations for the flow measuring devices were less than
optimum to assure accuracy, and the flow measuring devices were not
calibrated for their specific application or adjusted for the actual
pipe wall thickness.

(¢) Heat exchanger tubes were cleaned on a periodic basis; however, there
was no requirement to do performance testing just before the heat
exchanger cleaning, thus the maximum fouling value was not being

monitored.
(d) The lack of surface mounted thermocouples made the measured tempgratures
susceptible to potential streaming.

20




2. Maximum CCW Heat Load

The ISA team’s review of calculation MYC-1742, Revision 1, found that the CCW
heat loads were modeled as one major load (RHR) and one auxiliary load that
represented all other CCW Toads. The RHR heat exchanger load was based on a
maximum containment sump temperature, 255 °F, as determined in calculation
MYC-1740, Revision 1. The remaining loads were lumped as a single 10 Mbtu/hr
load. This value was developed as a sum of the emergency diesel generator
(EDG) load, control room chiller, and other unidentified loads.

The ISA team questioned the basis for the 10 Mbtu/hr value, since in the case
of the PCCW system, the heat load included the spent fuel pool (SFP) heat
exchanger, which had a design load of 9 Mbtu/hr (prior to re-racking), and
each emergency diesel heat exchanger, which had a Joad estimated at 5 Mbtu/hr.
For the SFP load, the licensee assumed that the total load on the PCCK heat
exchanger would not exceed the analyzed valve based on an assumption of
initial SFP temperature of 110° F.

3. Flow Diversion

Temperature control for the PCCW and SCCW systems was accomplished by
adjustment of the bypass flow around the heat exchangers (shell side). There
was only one air operator per system that operated both the inlet valve and
the bypass valve. The calculations assumed that during a design-basis
accident the bypass valve would be fully closed and the inlet valve would be
fully open, thus maximizing flow through the heat exchanger. If the bypass
valves did not go to their safety related positions, the heat transfer
capability of the heat exchangers could be significantly degraded.

In 1995 the licensee discovered that the CCW heat exchanger bypass valve,
PCC-T-20, was open about 11° following an attempt to align it to its safety
related position, closed. At the time, Maine Yankee was in an outage and an
immediate operability determination was not required; however, the
reportability determination had not yet been completed at the time of the ISA.

The ISA team found no calibration procedures for these valves, the controllers
were not of the "fail safe" design, no procedures were found that tested
ability of these valves to perform their safety related function, and the
maintenance history of these valves identified 11 completed maintenance work
orders (WO0s) for these valves in the last five years. On December 26, 1995,
maintenance work order (W0) 95-3194 was initiated which identified that the
1inkage between CCW heat exchanger bypass and inlet valves, PCC-T-20 and
PCC-T-19, was misaligned. This WO was open at the time of assessment and
scheduled for completion during the 1997 refueling outage. W0 93-04459-00,
completed on January 1, 1996, (PCCW), and WO 96-01785-00, completed August 9,
1996, (SCCW), did not demonstrate whether these valves would perform their
safety related function. WO 96-01785-00 stated that a positioner failure
appeared to be similar to PCC-T-20 and recommended to "watch as loads get
added”. WO 93-04459-00 had a recommendation to "rebuild/recal entire
controller” in the event that controller continued to malfunction.
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On the basis of the ISA team’s concerns, the licensee performed a test on the
PCCW temperature control valve after the team left the site. This test was
reported as successfully demonstrating the operation of this valve.

2.3 Electrical and Instrument and Controls

The team found that the capability of the electrical system and instrument and
control equipment to be generally robust and capable of performing their
design function. Significant exceptions were noted with environmental
qualification of components and ventilation systems.

2.3.1 115 kV Offsite Power Lines

The 115 kV offsite power lines were not independently capable of supplying the
plant auxiliary power system under certain conditions. 1. FSAR Section 8.2.3,
the licensee stated that either of the incoming 1ines is independently capable
of supplying the plant auxiliary power system. In FSAR Criterion 39,
"tmergency Power for Engineered Safeguard Features" (FSAR, Vol III, Appendix
A), the licensee stated, "alternate power systems shall be provided and
designed with adequate independence, redundancy, and capacity to permit
functioning required of engineered safety features. As a minimum, the onsite
and offsite system shall each independently provide this capability assuming a
single failure of a single active component in each power system."

The station had two incoming 115 kV Tines, and the main generator was
connected to a 345 kV line; all were interconnected to the New England area
transmission network. The main gererator was connected to the 345 kV
switchyard. Startup and standby (reserve) offsite power was provided by the
115 kV switchyard (which used two incoming Tines, Surowiec and Mason) through
reserve station service transformers X14 and X16. Under heavy loading
conditions, a capacitor bank was used to compensate for and reduce the
reactive voltage drop on the Surowiec line.

In 1995 Central Maine Power (CMP) completed an update of its studies of the
115 kV system to verify that the system remained capable of supporting Maine
Yankee licensing requirements. As a result of the CMP studies, the licensee
found that the electrical system analyses in calculation MYC-430, Revision 3,
"Auxiliary Power System Voltage Study," failed to consider the effect of a
motor-driven main feedwater pump (MDFW) automatic start following fast
transfer of plant loads to the 115 kV offsite reserve power system.

The CMP voltage study for the "full" 115 kV system, both Surowiec (Section 69)
and Mason (Section 207) lines, indicated that the system could support fast
transfer of plant loads and subsequent start of a MDFW pump. However, the
voltage study for the Surowiec line only (Section 69) indicated that the

115 kV system was inadequate for the MDFW pump start. The study confirmed
that the Surowiec line voltage would not recover (after a fast transfer, a
safety-injection actuation signal, and subsequent MDFW pump auto-start) within
the allotted 5-second reset time interval of the degraded grid undervoltage
relay to prevent offsite reserve power from being disconnected and automatic
start and loading of the EDGs. The ISA team concluded that this situation
(i.e., the limited capability of the Surowiec 1ine) was contrary to the design
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and licensing-basis presented in the FSAR which stated that either of the 115
kV 1ines was independently capable of supplying the plant auxiliary power
system.

As stated in a letter to the NRC dated July 19, 1996, the licensee became
aware of this issue as a result of a 1995 CMP update of its studies of the 115
kV system. In response to the ISA team’s concerns in this area, the licensee
stated that the 345 kV offsi“e system would serve as an alternate source of
reserve power. The 345 kV system can be back-fed from the main transformer
through the normal station service transformers to provide station power to
the onsite 4160 Volt auxiliary power system. The licensee considered this
circuit to be a delayed access circuit which could be compieted in
approximately six hours with disconnection of the main generator links. The
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