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NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
i Washington, DC 20555

l 2. The Superintendent of Documents, U.S. Government Printing Of fice, Post Of fice Box 37082,
Washington, DC 20013 7082

4

3. The National Technical Information Service, Springfield, VA 22161
i

Although the listing that follows represents the majority of documents cited in NRC publications,
j it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-

! ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices:
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and

]
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the GPO Sales
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and"

N RC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of

f
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
; such as books, journal and periodical articles, and transactions. federal Register notices, federal and

state legislation, and congressional reports can usually be obtained frorn these libraries.
!

j Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organitation sponsoring the publication cited.'

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical Information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards usod in a substantive manner in the NRC regulatory process
1 are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
j there for reference use by the public, Codes and standards are usually copyrighted and may be
! purchased from the originatmg organization or, if they are American National Standards, from the

American National Standards institute,1430 Broadway, New York, NY 10018.
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ABSTRACT

The Safety Evaluation Report for the full-term operating license application
filed by the Connecticut Light and Power Company, the Hartford Electric Light

! Company, Western Massachusetts Electric Company and the Millstone Point Company
| [(now known as Connecticut Light and Power Company (CL&P) and Western

Massachusetts Electric Company (WMECO) having authority to possess Millstone -
1, 2, and 3, and the Northeast Nuclear Energy Company (NNECO) as the respon-

i sible entity for operation of the facilities)] for Millstone Nuclear Power
Station Unit I has been prepared by the Office of Nuclear Reactor Regulation
of the U.S. Nuclear Regulatory Commission. The facility is located in the

! town of Waterford, Connecticut. Subject to favorable resolution of the items
j discussed in this report, the staff concludes that the facility can continue

to be operated without endangering the health and safety of the public,
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r

j 1 INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

] 1.1 Introduction
1

This report is a Safety Evaluation Report (SER) on the application for a
!

f full-term operating license (FTOL) for the Millstone Nuclear Power Station, '

4 Unit No. 1 (Millstone-1 or MP-1), based on an application filed by Northeast
: Nuclear Energy Co. (NNECO), the licensee. This report was prepared by the U.S.
! Nuclear Regulatory Commission (the staff) and summarizes the results of the

;' staff's review of the proposed conversion from a provisional operating license
|, (POL) to an FTOL.

! From 1959 to 1971 the Atomic Energy Commission issued POLS to 15 power reactors
j for periods up to 18 months as an intermediate stage before issuing an FTOL. '

j The purpose of the POL was to provide an interim period of routine operaton i

during which the licensee and staff could assess plant operating parameters and
: performance against predicted values and resolve generic concerns identified
; during the licensing process. POLS have been held longer than 18 months because |
J each POL licensee submitted a timely application for renewal under Part 2.109 '

j of Title 10 of the Code of Federal Regulations (10 CFR 2.109) (Ref. 1) and/or
j an application for conversion to a full-term license.

i

The Connecticut Light and Power Company (CL&P), Hartford Electric Light Company, ;
5

! Western Massachusetts Electric Company (WMECO) and the Millstone Point Company
; which later evolved to CL&P, WMEC0, and NNECO filed an application to convert

POL No. DRP-21 for Millstone-1 to an FTOL in a letter dated Sept. 1, 1972;

i (Ref. 7). The facility received its POL on October 7, 1970,* achieved initial
criticality on October 26, 1970. A 250 hr power demonstration run was completedi

I on March 23, 1971. The NRC policy with respect to conversion of Provisional t
i Operating Licenses to Full Term Operating Licenses was presented in SECY 83-19 i

(Ref. 6).
,

In 1975, because of a large backlog of unresolved generic issues that were,

i relevant to the operation of the POL plants, the staff stopped its review of
{ the POL conversions and set out to establish the appropriate scope of review
| needed to support the full-term conversion. -

1

; In 1977 the NRC staff recommended to the Commission that POL facilities be
; included in Phase II of the Systematic Evaluation Program (SEP) because much of-

,

) the review necessary for conversion of the POLS was similar to the scope of the
review proposed for the SEP. That recommendation was adopted, and the major
portion of the technical input supporting this SER comes from the SEP topic'

| evaluations and the SEP Integrated Plant Safety Assessment Report (IPSAR) for
j Millstone-1 (NUREG-0824 Ref. 5).
I

J

i *The POL review is documented in a Safety Evaluation forwarded to the licensee -

7 by letter dated March 7, 1970.
!

i
,
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The SEP was conceived in recognition that, because of the evolutionary nature
of licensing requirements and advances in technology, better documentation was
needed to substantiate the staff's opinion that currently operating plants are
acceptably safe. The objectives established for the SEP were listed on page 3
of SECY-76-545 (Ref. 8) as:

(1) The Systematic Evaluation Program must assess the safety adequacy of the
design and operation of currently licensed nuclear power plants.

(2) The program should establish documentatior which shows how each operating
plant reviewed compares with current criteria on significant safety issues,
and should provide a rationale for acceptable departures from these
criteria.

(3) The program should provide the capability to make integrated and balanced
decisions with respect to eny required back-fitting.

(4) The pregram should be structured for early identification and resolution
of any significant deficiencies.

(5) The program should efficiently use available resources and minimize re-
a,

quirements for additional resources by NRC or industry.

Thus, the review pt-ovides (1) an assessment of the significance of differences
between current technical positions on safety issues and those that existed
when a particular plant was licensed, (2) a basis for deciding how these dif-
ferences should be resolved in an integrated plant review, and (3) a documented
evaluation of plant safety. To document the results of the SEP review for
MP-1, the staff has issued NUREG-0824. NUREG-0824 was initially published in
draft format in November 1982 and was issued in final form after Commission
review in February 1983 (Ref. 5). Some followup requirements for additional
analysis by the licensee that may result in the need for facility modification
or other corrective action were identified in the Final IPSAR.

Supplement 1 to NUREG-0824 documents the reviews performed for those issues
that required refined engineering evaluations or the continuation of ongoing
evaluations subsequent to issuance of NUREG-0824.

In a related activity, the licensee proposed in letters dated June 13, 1983,
September 14, 1983, December 28, 1983, and May 17, 1985 to conduct an expanded
integrated assessment for Millstone 1 which would address the outstanding SEP
issues (Category 3), all pending licensing actions, and significant licensee-
sponsored plant improvements. This effort is referred to as the Integrated
Safety Assessment Program (ISAP).

On November 15, 1984, the Commission published a policy statement in the Federal
Register (49 FR 45112) which describes the elements and objectives of ISAP, as
a regulatory vehicle to develcp plant-specific, integrated implementation sched-
ules for plant modifications. MP-1 has been selected as one of two plants which
will participate in an ISAP pilot program. Consequently, the results of the
licensee's additional analyses for several of the issues discussed in this
report refer to ISAP, where alternative corrective actions will be considered
and a prioritized implementation schedule for any plant modifications will be

'
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developed. The entire scope of the ISAP review for Millstone 1 is detailed in
a July 31, 1985, letter to the licensee.

The major portion of the technical input supporting the staff SER was provided
by the IPSAR. The remainder of this SER addresses other operating license
issues not covered under the SEP. The SER includes consideration of major
plant modifications that have occurred since the POL was issued, major substan-
tive regulations adopted since the POL was issued, requirements stemming from
the accident at Three Mile Island Unit 2 (TMI-2) (Appendix B), and unresolved
safety issues (USIs - Appendix C). USIs are issues considered on a generic '

basis af ter the staff has made the initial determination that the safety sig- i

nificance of the issue does not prohibit continued operation or required
licensing actions while the longer term generic review is under way.

The format of the SER follows the general format of SERs currently issued for
new operating licenses, but for many of the major headings, particularly those
covered in the SEP, the SER briefly summarizes the findings of the Final IPSAR.
Similarly, when SERs have been issued on other topics, such as compliance with
Appendix I, this SER for the FTOL briefly summarizes the previous SER and
assesses whether the earlier findings are still valid.

Appendix A contains a list of references cited in this report.* For TMI Action
Plan items, Appendix B identifies the status and plant-specific implementation
of each TMI Action Plan item. For USIs, Appendix C not only discusses the
status of the USIs but also satisfies the guidelines provided by the Atomic
Safety and Licensing Appeal Board in the River Bend case (ALAB-444, 6 NRC 760
(1977) Ref. 3).

The staff plans to issue a supplement to this SER after the Advisory Committee
on Reactor Safeguards review and their report to the Commission is available,
as discussed in Section 18. The supplement will append a copy of the Committee's
report, will address any comments made by the Committee, and will describe steps
taken by the NRC staff to resolve any issues raised as a result of the Commit-
tee's review. There are a number of ongoing licensing actions for MP-1 that
are currently under staf f review as noted in this SER. The staff has determined
that these items do not require resolution before the issuance of an FTOL and

. should not delay the POL to FTOL conversion process. All of these items will"

be addressed as routine operating reactor licensing actions after the FTOL is
issued.

In accordance with the provisions of the National Environmental Policy Act
(NEPA) of 1969, the staff prepared the Draft and Final Environmental Statements
that set forth the considerations related to the proposed POL to FTOL conver-
sion. The Final Environmental Statement (FES) was issued in June 1973. Because
the FES was issued a number of years ago, the staff performed an Environmental
Evaluation to determine if an FES supplement was necessary. The Environmental
Evaluation issued concluded that an FES supplement is not necessary (Ref. 10).

* Availability of all material cited is given on the inside front cover of this
report.

Millstone - FTOL SER 1-3

- _ _ - _-___- -_ - __-__- _.



. .. ~ _ _ - _ - _ - - . . . _

The NRC Project Manager assigned to the FTOL review for MP-1 is Mr. James J.
Shea. Mr. Shea may be contacted by calling (301) 492-7231 or writing:

Mr. James J. Shea
U.S. Nuclear Regulatory Commission
Division of Licensing
Washington, D.C. 20555.

l.2 Description of Plant'

The Millstone-1 plant, located in the town of Waterford, Connecticut, is a
Boiling Vater Reactor (BWR) designed by General Electric. The license is held
jointly by Connecticut Light and Power Company (CL&P), Western Massachusetts
Electric Company (WMECO), and Northeast Nuclear Energy Company (NNECO), with
NNECO acting for itself and agent for CL&P and WMECO. The licensee filed the

application for a construction permit and facility license by letter dated
November 10, 1965. Construction permit No. CPPR-20 was issued by letter dated >

,

May 19, 1966. The Final Safety Analysis Report (Ref. 12) was filed on March 15, '

i 1968 and the initial provisional operating license was issued on October 20,
1970 (Ref. 13). By letter dated September 1, 1972, the licensee applied for a'

full-term operating license (Ref. 7). The licensed thermal power rating cur-
rently is 2011 megawatts thermal (MWt). ,

,

The reactor core, reactor vessel and core cooling system, steam lines and
turbine / electric generator are shown schematically in Figure 1.1 in relation
to the primary containment (a drywell which encloses the pressurized reactor

| coolant system and a torus or wet well that condenses steam released from a
: postulated primary coolant system break that could otherwise breach containment
] if pressure build up is excessive), the secondary containment i.e. reactor

building (encloses the primary containment - drywell and torus), the turbine
building and the 375 foot off gas vent stack.

The single-cycle, forced circulation boiling water reactor produces steam which
is used directly by the turbine. This reactor is generally similar to other

j operating boiling water reactors. Housed in the reactor pressure vessel are i

the reactor core and core support structure, the steam separators and dryers, |
'

| the jet pumps, the control rod guide tubes, the feedwater distributors, the
'

emergency core cooling system (ECCS) spray headers, the standby liquid poison
i

system spargers and other components. The arrangement of major components
with'in the reactor pressure vessel are illustrated in Figure 1.1. The inside
diaraeter of the reactor vessel is approximately 18 feet 8 inches, and the inside
height between heads is approximately 64 feet 8 inches. The main connections
to the reactor pressure vessel are the steam lines, jet pump motive flow recir-i

!- culation lines, feedwater lines, and control rod drive thimbles. Other connec-

[ tions are for the isolation condenser system, standby liquid control systems,
ECCS, and instrumentation systems.

| The major components of the reactor. core are fuel assemblies and control rods.
i

Each module of four fuel assemblies contains a cruciform shaped control rod.
| This modular system is the same as that used in the other 28 boiling water

reactors currently operating within the United States.
_

I

The fuel rods consist of uranium dioxide pellets contained in sealed zircaloy f
tubes. The fuel rods are fabricated into fuel assemblies in an 8 x 8 matrix |

|
1
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that includes water rods and gadolinia neutron absorbing (poison) rods. Each
fuel assembly is fitted with a zircaloy-4 flow channel which surrounds the fuel
rods. Water serves as both the moderator and coolant. The general nuclear and
performance characteristics of the fuel are similar to those of the fuel in use
at other operating boiling water reactors designed by General Electric. Improved I

fuel rod performance has been achieved by using smaller diameter fuel rods,
increasing the matrix from 7 x 7 to 8 x 8, and using selected water filled and
poisoned rods within the matrix.

The control rods are of two types, both of which contain assemblies of 3/16-inch
diameter, sealed, stainless steel tubes filled with compacted boron carbide
powder. These tubes are held in a cruciform array by a 1/16-inch thick stain-
less steel sheath which is fitted with castings at each end. For the newer
type rods, . performance has been increased by the introduction of hafnium into
the blade tips. Both types of control rods are almost identical to the ones
used in other operating General Electric BWRs. Individual rods are inserted
into the core from the bottom and may be moved vertically by the hydraulically
operated, locking piston control rod drives.

The control rod drive hydraulic system allows withdrawal or insertion of one
rod at a time for power level control and flux shaping. Stored energy from
gas-charged accumulators and from reactor pressure provides the hydraulic power
to scram, i.e., to insert all control rods simultaneously at maximum speed to
shut down the reactor. Each drive has separate control and scram devices. The
control rod drive system is the same as the system used in other G.E. BWRs. It

contains control rod velocity limiters and a control rod drive housing support
structure to prevent excessive reactivity addition rates. The control rod
velocity limiter is a specially designed lower casting on each control rod
which limits the freefall velocity of the control rod to less than 5 ft./sec.
in the unlikely event of a control rod dropout. The control rod drive housing
support structure is located beneath the housings to prevent significant move-
ment of any drive housing and mechanism in the unlikely event of a structural
failure of the housing.

Cooling water flows upward from the bottom of the core through the fuel assem-
blies, and the heat transferred to the water from the fuel produces steam.
Steam separators and dryers located above the core and within the reactor ves-
sel separate the steam-water mixture which leaves the assemblies. The steam
flows througa steam lines to the turbine. The separated water mixes with the
incoming feedwater and is returned to the core by the jet pumps in the reactor

,

vessel. The jet pumps are driven by water from the two recirculation loops.|
Each loop has a variable speed centrifugal pump. The jet pump feature also
povides a vessel within the reactor vessel for reflooding the core with water
in the event of a loss of coolant because of a postulated recirculation line
break. Excessive reactor coolant system pressure is prevented by safety / relief
valves (see Section 1.2 d) that vent steam directly to the suppression pool
where it is condensed. The number of safety relief / valves has been increased
to 6 and the S/R valve discharge piping into the pool water has been modified
extensively since initial operation to assure system reliability.

|

| The primary containment consists of a drywell, a pressure suppression chamber,
and interconnecting vent pipes, and is designed to accommodate the pressures
and temperatures which would result from a failure equivalent to a circumferen-
tial rupture of a major recirculation line within the primary containment with
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subsequent discharge of reactor water into the containment at the maximum rate.
The torus-shaped pressure suppression chamber is a steel pressure vessel which
is half filled with water. It is located below and encircles the drywell. The
drywell is connected to the pressure suppression chamber by a system of vent
pipes which terminate below the water level. Thus, steam released in the dry-
well due to pipe failure would pass to and be condensed in the water in the
pressure suppression chamber. This transfer of energy would rapidly reduce the
pressure in the drywell and thereby substantially decrease the potential for
primary containment leakage.

Isolation valves on piping penetrating the drywell and pressure suppression
chamber provide the required capability to close and isolate the primary con-
tainment. These valves are actuated automatically by signals received from the
reactor protection system. Two independent, full-capacity containment cooling
systems are provided to remove heat from the drywell and the pressure suppres-
sion chamber and thereby assure that primary containment integrity is maintained
indefinitely following a postulated loss of coolant accident.

The drywell and pressure suppression chamber are designed to withstand pressure
of 62 psig. Measurements are taken periodically to verify that the integrated
leakage rate does not exceed the design target of 0.5 percent of the combined
volumes per day.

The reactor building is a controlled leakage structure which provides secondary
containment when the primary containment is in service and primary containment
when the primary containment is open. A standby gas treatement system is pro-
vided (with redundant active components) to filter the reactor building ventila-
tion exhaust and discharge it to the 375-foot stack during containment isolation
conditions. The secondary containment system minimizes the ground level release
of airborne radioactive materials and provides for controlled, filtered, elevated
release of the reactor building atmosphere.

In addition to the turbine generator and main condenser system, the following
auxiliary systems are provided to cool the reactor and primary containment
during various normal and abnormal conditions:

The low pressure coolant injection (LPCI) system serves three functions:a.

1. It injects water into the reactor vessel under the circumstances of
the postulated double-ended rupture of a major water recirculation
line rapidly enough to reflood the core and prevent excessive fuel
clad damage.

2. It removes heat from the water in the suppression chamber.

3. It sprays water into the drywell and thereby removes energy from the
drywell.

b. The shutdown cooling system may be used to remove reactor decay heat during
shutdown.

c. The isolation condenser removes decay heat when the reactor is isolated.

Millstone - FTOL SER l-7
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d. The feedwater coolant injection (FWCI) system removes decay heat and pro-
vides coolant inventory control during postulated occurrences of slow
depressurization. In addition, depressurization is automatically achieved
by blowdown through automatic opening of relief valves which vent steam to
the pressure suppression pool. This depressurizes the vessel quickly
enough to allow the core spray or the LPCI system to prevent fuel clad
melting.

e. The two core spray systems are designed to pump water from the pressure
suppression chamber pool directly to the reactor core throogh a spray
header mounted in the reactor vessel above the core. These systems pre-
vent excessive fuel damage during such events,

f. A cross-tie between the emergency service water system and the feedwater
system makes available an inexhaustable secondary supply of cooling water
from Long Island Sound to the reactor core and containment independent of
all other cooling water sources. The cross-tie, isolated by two normally'

closed manually operated valves, provides a flow path from the emergency
service water system to the feedwater pumps via the condensate storage
tank.

Since the issuance of the provisional operating license for Millstone Unit 1,
uther nuclear power facilities have been or are being constructed on the
Millstone site. Adjacent to Unit 1, Millstone Unit 2, a 2700 MWt. Combustion
Engineering PWR, Docket No. 50-336, has been constructed under Construction
Permit CPPR-76 issued on December 11, 1970, and Millstone Unit 3, a 3411 MWt
Westinghouse PWR, Docket No. 50-423, is being constructed under Construction
Permit CPPR-113 issued on August 9, 1974. Millstone Unit 2 received full
power, full term Operating License number DPR-65, on August 1, 1975. The SER
related to operation of Millstone Nuclear Power Station, Unit 3, was issued
July 1984 (Ref. 4).

The present and future potential effects on tiillstone Unit 1 from these addi-
tional facilities are expected to be minimal.

1. 3 Operating Experience

Preoperational tests to check the electrical and mechanical features of compo-
nents, subsystems, systems and combined systems were performed with generally
satisfactory results prior to fuel loading. Fuel loading and initiai critical-

ity tests followed without incident. The program of startup testing which
provided confirmation of the design objectives is described below. In addition,

the more significant events and plant modifications are also discussed below
| and in Appendix D, "Special Report on the Operation of Millstone Point Unit 1."

This report was prepared by the Commission's Office of Inspection and Enforce-
| ment and covers the period through December 1973.

Certain events during the preoperational phase are historically notable because
they relate to subsequent considerations. One such event occurred at Niagara
Mohawk Power Corporation's Nine Mile Point Unit 1 on March 6, 1970 when cracks
in a safe end attached to the reactor pressure vessel nozzle were discovered.
The safe end was made of furnace sensitized stainless steel and the cause of

I the cracks was determined to be stress corrosion. The associated NRC investi-
! gation and review included discussions with the Millstone Unit 1 licensee. A

!
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decision was subsequently made by the licensee to remove or clad overlay all of
the furnace sensitized stainless steel components in the reactor vessel prior
to fuel loading for startup. The replacement or overlaid weld material was of
non-sensitized stainless steel resistant to stress corrosion. This proposal
was reviewed by the ACRS and reported on by letter dated June 16, 1970.

The original schedule for startup of Millstone Unit I reflected the proposed
issuance of a provisional operating license by publication in the Federal
Register of a notice dated March 13, 1970. The corresponding Safety Evaluation
Report was issued on March 9, 1970. The issuance of the license was delayed by
the above described events related to the furnace sensitized stainless steel.
The licensee's action was documented in Amendment Nos. 25, 26 and 28 to the
FSAR. An Addendum to the Safety Evaluation Report (Ref. 13) was issued on
October 7, 1970; this Addendum presented the staff evaluation of the FSAR Amend-
ments involvir.g the furnace sensitized stainless steel problem and modification
of the Millstone reactor vessel. This Addendum was issued simultaneously with
issuance of Provisional Operating License (POL) No. DPR-21.

1.3.1 Design Confirmation

A startup test program was performed by Millstone Unit 1; the licensee described
the results of this program in a report entitled "Startup Test Program Results"
submitted to the Commission on March 17, 1972. In connection with the overall
review effort of the application for POL conversion, the staff reviewed the
startup test report and found it acceptable. The results of the startup testing
program showed satisfactory performance of components and systems to demonstrate
that the design was adequate for operation at power levels up to 2011 MWt.

The startup test program began with fuel loading and continued until comple-
tion of the power warranty run. It consisted of four phases as follows: (1)
initial fuel loading and open ve:sel testing, (2) initial heatup with nuclear
heat, (3) power tests and escalhtion of power to 100%, and (4) warranty power

. run. In this way the plant was loaded and tested in a controlled, step by
' step program. During the power escalation and associated testing, extensive

testing was performed at the 25 percent, 50 percent, 75 percent and 100 per-
cent of read power. These tests and results included the following salient
items:

(1) Fuel loading - the first fuel assembly was loaded on 10-8-70 and the
last, or 580th, was loaded on 10-17-70.

(2) Shutdown margin - the core was demonstrated to be subcritical by at least
0.47 (0.25 required at that time) percent Ak/k with the highest reactivity
worth rod withdrawn.

(3) Control Rod Worth - maximum worth of a notch was 0.0484 percent Ak/k as
compared to the acceptance criterion of 0.1 percent Ak/k.

(4) Reactor Vessel Heatup - was maintained below the specified maximum of 100F
per hour.

(5) System Expansion - movement of recirculation piping, feedwater piping and
main stream piping within the drywell was recorded. All restraints and I
stresses were found within acceptance criteria. |

|
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|

(6) Core Performance Evaluation - basic performance parameters of total and
specific core power, maximum heat flux, minimum critical heat flux ratio

2(MCHFR) were determined. At full power a peak heat flux of 120 w/cm
2 '(382,000 BTU /hr-f t ), a total peaking factor of 2.96 and a MCHFR of 2.6

were determined. These values confirm conservative design predictions of
2peak heat flux of 400,300 BTU /hr-f t , total peaking factor of 3.08 and a

MCHFR greater than 1.9, respectively.

'

(7) Nuclear Instrumentation - the source range instrumentation (SRM), inter-
mediate range monitors (IRM) and local power range monitors (LPRM) within
the function of average power range monitoring (APRM) were checked out,

j calibrated and determined to be operable as required. ,

i (8) Systems and Components including main stream isolation valves, isolation
' condenser, recirculation system, pressure regulator, bypass valves and

relief values were tested for design performance and found to be adequate.
.

! (9) Transient Behavior - the plant transient behavior was tested by performing
! two turbine trip tests (at 50 percent and 100 percent power) and a total i

of seven generator trips or full load rejections (one at 50 percent, two |

at 75 percent and four at 100 percent powers). All of the tests except
the turbine trip at 50 percent power were performed without event to verify;

j plant behavior. During the 50 percent power turbine trir '.he sudden clo-
'

; sure of turbine stop valves resulted in a pressure wave which caused de-
! formation of one of the main steam lines restraints which had not been !

properly designed for the dynamic loads associated with a turbine trip.
The corrective action included a dynamic stress analysis and replacement'

; of the faulty restraint and installation of two additional restraints,
t

! The licensee submitted a report of the event and subsequent corrective
| action to the Commission by letter dated March 3, 1971. The staff reviewed
j the report and accompanying analysis and concluded that the corrective
; action was acceptable. The adequacy of the corrective action was confirmed

.' by subsequent turbine trips which were accomplished without problem.
!

(10) System Vibration Performance - structures and equipment located inside the
reactor vessel are subject to vibration induced by the flow of reactor

! coolant through the recirculation system, including the jet pumps and fuel
j assemblies, and by the flow of steam through the moisture separation and
'

drying units. Consistent with the requirements of Regulatory Guide 1.20,
vibration measurements were included in the startup test program for,

! Millstone Unit I to assure that excessive vibrations, which could cause

! deterioration of the internal structures and equipment, would not occur
due to normal operation of the plant or due to a range of off-normal con-i

ditions which might inadvertently or accidently occur.

f The If:ensee met the intent of Regulatory Guide 1.20 by successful comple-
| tion of the startup vibration test program and by extensive operation at
i full power with no evidence of deterioration of the structures, which sup-
| port and restrain the core due to flow induced vibration. The staff finds,

on the basis of this test program and the intervening years of successful
reactor operation, that the licensee has demonstrated that Millstone Unit I
may continue to be operated with assurance that the safety functions of

1
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the reactor internal structures will be maintained throughout the remainder
of the plant design lifetime.

The licensee reported cracking at some welds on the feedwater spargers.
Investigations identified vibration as a causative factor. The phenomena
involved are, however, separate and distinct from the flow induced vibra-
tion of the core support structures as discussed above and in Regulatory
Guide 1.20. The driving forces which could cause vibration of the core
support structures result primarily from the very complex hydrodynamics of
high volume flows over and around the reactor interna n. In contrast, the
driving forces identified in the case of the feedwater cpargers result
from flow through the feedwater piping and, possibly, trcnsmitted vibra-
tion originating at the feedwater pumps. The feedwater sparger problem is
discussed in Section 1.3.2(2) of this report.

On the basis of satisfactory results from startup and power escclation testing
and subsequent power operations including a new domestic BWR ope ating record,

for continuous time on line of 374 days, the staff concludes that the testing
and successful operation for 15 years have demonstrated the desig1 adequacy of
Millstone Unit 1 to operate at the licensed full power for the renainder of the
plant design lifetime.

1.3.2 Operating Problems

The significant operating problems experienced at Millstone Unit 1, when the
plant was new, are discussed below. These items are also discussed in Appen-
dix 0 to this report, "Special Report on the Operation of Millstone-1 by IaE."
Additional information on these and other more recent problems can be found in
the licensee's semi-annual (later changed to annual) operating reports and
IPSAR (Refs. 5 and 11).

(1) Chloride Intrusion Incident - Main Condenser Tube Failure - On September
1, 1972 during a reactor startup, seawater leakage through the main con-
denser into the hotwell resulted in concentrations of chloride that satu-
rated the condensate demineralizers allowing excessive chloride ions to
enter the reactor primary coolant syste.u. In the reactor primary coolant

! system, the chloride concentration reached 17 ppm and conductivity reached
3 a level of about 84 micrombos per cm (umho/cm). These levels were in; excess of the limits of 0.1 ppm chloride and 2 umho/cm conductivity set
i forth in the Technical Specification at that time.

Following the incident, the licensee conducted an investigation which
included an assessment of damage to reactor components. This assessment,

i revealed the essentially complete failure of 116 of the 120 Local fower
Range Monitors (LPRMs). Other significant effects discovered during the
investigation, but not necessarily the result of the chloride incident,
included extens Ne cracking in the four feedwater spargers (see Sec-
tion 1.3.2(2)' and cracking of the control rod cladding. The corrective |

action taken by the licensee to repair the damage included replacement of
the LPRMs, feedwater spargers and all of the control blades. As reported
by Millstone Point Company Special Report on Chloride Intrusion Incident

,

Appendix H dated February 9,1973 the main condenser has been retubed with
|70/30 copper / nickel tubing as a corrective action for sea water leakage. i

)
;

!
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The copper / nickel alloy has been shown by experience to better withstand
the pitting attack observed on the originally installed aluminum / brass
tubes. The upper section of the condenser has been restaked to eliminate
vibration. Also, isolated areas in the main bundle have been staked where
vibration damage was apparent in tubes removed during the retubing
operation.

As indicated above, the return to operations included on going surveillance
requirements. These requirements have been satisfied and reported by the
licensee in three reports, " Appendix I, Special Report, Chloride Intrusion
Incident" dated June 29, 1973, " Appendix J, Special Report, Chloride Intru-
sion Incident," dated March 8, 1974 and " Appendix K, Special Report,
Chloride Intrusion Incident," dated January 8, 1975. These three documents
describe the results of the licensee's in-service inspections of the reac-
tor primary system. No indications attributable to the chloride incident
were found.

The staff evaluation of the reported post-operation surveillance program
results follow. The Reactor Component Surveillance program defined in
Section 3.0 of Appendix H and summarized in Appendix K have been evaluated.
All inspections defined in Table V-3.1 of Appendix H have been accomplished
in a satisfactory manner. Inspections were performed on fuel assemblies,
pipe welds, feedwater sparger, control rod drives, shroud head bolts, ves-
sel clad, and other reactor internals. The Reactor Component Surveillance
found no indications attributable to the chloride intrusion incident.
Comparison of the volumetric inspection of selected highly stressed primary
piping welds during the baseline, December 1973, April 1973, and September-
October 1974 inspection demonstrate no increase in magnitude within inspec-
tion tolerances.

With regard to the utrasonic testing that was performed during these
inspections, calibration of the longitudinal wave examination was accom-
plished with a calibration standard fabricated in accordance with the ASME
Boiler and Pressure Vessel Code, Sectior. III, Appendix IX. Calibration of

i

the 45-degree shear wave examination was accomplished with a 60-degree "V"
i notch calibration block machined to the depth of EE to 4% of the wall,

thickness. The "V" notch block was determined to better simulate response
from the type of indications being investigated, specifically stress cor-;

! rosion cracking.

I
' The staff concurs that the "V" notch calibration block was acceptabic and

appropriate for the specific stress corrosion cracking inspection defined
in Section 3.0 of Appendix H. However, it was recommended that the "V" |

|
notch calibration block not be adopted for general ultrasonic inspection |

|
or Section XI Inservice Inspection without detailed evaluation. The cor-

I relating factors associated with the "V" notch blocks are dependent upon !

the materials and wall thickness and could result in a myriad of calibra-
;'

tion standards.

The Reactor Operation Surveillance program defined in Section 4.0 of |
)

l
Appendix H and summarized in Appendix K revealed no abnormal conditions.

i

!
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The staff concluded that the augmented surveillance inspection program
conducted af ter resumption of operation at Millstone Nuclear Power Station
Unit 1 described in_the subject Appendix K was acceptable and conformed to
the requirements and conditions as set forth in Section 3.0 and 4.0 of
Appendix H "Special Report, Chloride Intrusion Incident." The staff fur-
ther concluded that this action completed the requirements for resumption
of operation following the chloride intrusion incident.

(2) Feedwater Sparger Cracking - Millstone Unit I was shutdown on April 17,
1973 for the scheduled surveillance inspection in accordance with the docu-
mented program requirements set forth in NRC letter to the licensee dated
March 2, 1973 for return of the facility to service following the chloride
intrusion incident. During the inspection of reactor vessel internals,
cracks were observed in the feedwater spargers which had been installed
when the original spargers were found severely cracked following the
chloride intrusion incident. These second spargers had operated in the
reactor for six weeks.

The corrective action following the second failure was to install spargers
of a fundamentally different support design which was intended to reduce
the probability of fatigue failure. Each of the modified spargers (i.e.,
the No. 3 design) was supported by a bracket welded to both the reactor
vessel wall and to the sparger header adjacent to the feedwater nozzle;
midway between this bracket and end of the sparger an amplitude limiting
damper was attached; the rest of the design was not changed.

The licensee submitted reports describing the investigation of the failure
and proposed corrective action. The staff reviewed the reports including
the proposed changes and concluded that the reactor could be returned to
operation with Design No. 3 feedwater spargers provided that certain mini-
mum instrumentation requirements were maintained.' This is documented in
the staff Safety Evaluation enclosed with NRC letter dated July 12, 1973
authorizing resumption of reactor operations. However, return to power
operations was delayed because of the probability of, inverted poison tubes
in the control blades which had been installed in the reactor during the
recovery action phase of the chloride intrusion incident. This problem
with control blades is discussed in Section 1.3.2(3) of this report.

Following the return to operation on July 28, 1973 the licensee continued
the investigation program into the feedwater sparger failure mechanism by
use of the installed instrumentation of strain gages, differential pres-
sure taps, and temperature sensors. Vibration and pressure data were
obtained at 25%, 50% and 75% power levels wth no significant deviations
from normal. However, significant vibration was indicated at 90% power
and above. The licensee informed the staff that they would operate the
reactor at the 80% power level where vibrations were virtually non-existent
and go above that power level only to collect additional data. The staff
confirmed the operation at'a reduced power level in a letter to the
licensee dated September 4, 1973.

A GE study indicated that the. failures of design #1 and #2 were. caused
by the effects of high cycle fatigue due to thermal transients and flow-
induced resonance coupled with a loss of preload. Thus, design #3 was
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intended to reduce stress levels and to separate the structural frequencies
from flow frequencies by means of system stiffening via support modifica-

J tion and the use of rigid weld connections. Due to the occurrence of exces-
sive vibration in design #3 when the plant power level exceeded 85%, GE
conducted a full scale sparger model test, which consisted of sparger
resonance frequency finding tests and flow tests. It was found that the
sparger has natural frequencies exceeding 100 Hz, and that flow induced
instability occurred at the range of 20-30 Hz. The cause of vibration was
identified as the excitation of the by pass flow through the clearance at
the slip-fit between the thermal sleeve and vessel nozzle. Effects of
clearance size on the pressure differentials, flow rates, and vibration
amplitudes were also investigated. GE indicated that a forthcoming design
#4 would take the test results into consideration by eliminating the by-
pass flow via clearance restriction.

j Subsequently, during the refueling outage of September-October 1974, the
licensee removed the spargers of design #3 which were again found to be
cracked. The corrective action of replacing them with design #4 was re-
viewed and was found acceptable. The final resolution can be achieved

_

only through demonstration of satisfactory performance under operating ,

i conditions and subsequent confirmation of no loss of integrity in the
spargers by an in-vessel inspection. That inspection performed during the
1975 fall refueling outage led to further improvements, design number 5,
and finally design number 6 (Ref. 9) installed during the late 1980 re-

'

fueling outage. Visual inspection during the 1982 and 1984 refueling
; outages confirm No. 6 sparger integrity.

(3) Inverted Poison Tubes - Millstone Unit 1 was shutdown on July 16, 1973'

after receiving word from GE of possible manufacturing defects in the
control rod blades for Millstone-1 and other BWRs. At the time of the
shutdown, the Unit was in a startup phase of operation following replace-

i ment of the failed design #2 feedvlater spargers. The manufacturing defect
in the control blades was that the tubes containing boron carbide poisonI

mcy have been installed upside down in some blades which could result in
,

movement of the boron carbide within the tubes and a decrease in shutdown
| effectiveness of the tip of the control blade. The affected control blades
'

were newly installed during the repair phase of the chloride incident to
repicce control blades which showed evidence of chlorice-induced stress
corrosion cracking. The staff reviewed the analyses provided by the
licensee and the program by which the licensee proposed to monitor the
continued reactivity effectiveness of the reactor control rod blade system

| and subsequently authorized the licensee to return Millstone Unit 1 to
'

operation. This action with accompanying Safety Evaluation was issued by ;

letter dated July 27, 1973. To offset the possible effect of boron carbide i,

! redistributien on the control rod drop accident, the calculated reactivity
i worth of control blades was increased by 0.2 percent Ak/k in establishing
! compliance with the Technical Specifications and the licensee had to con-
' duct frequent shutdown margin checks in accordance with technical specifi-

cation change No. 16.

The final resolution of this problem on operations was effected during the
Irefueling outage of October 1974. All one hundred forty-five (145) of the

control rod blades were eddy-current tested to identify those poison tubes |

| |
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that were fabricated into the control blades in an inverted position. Fol-
lowing the test, nineteen (19) control blades were rejected based on the,

1 GE acceptance / rejection criteria and were replaced with new control blades.
Seven hundred seventy-six (776) inverted poison tubes were found in sixty-
two (62) control rods. Replacement of the nineteen (19) control rods left
ninety-eight (98) inverted poison tubes in the core. Replacement of an
additional control blade for another reason left ninety-six (96) inverted

;

poison ttbes in the core. The loss in shutdown margin due to the sum of '

the calculated reactivity losses of each of the ninety-six (96) inverted <

poison tubes was calculated to be 0.08 percent Ak/k.
,

! To offset the effect caused by using inverted poison tubes, an equivalent'

amount of reactivity was added to the shutdown margin of 0.25 percent Ak/k
[to require an increased shutdown margin of 0.33 percent Ak/k. The corres- 1

ponding change to the Technical Specifications including the supporting4

Safety Evaluation was effected by License Amendment No. 4 issued on
November 1, 1974. This action resolved the problem at the Millstone

'

Unit 1 reactor.
4

i (4) Hydraulic Snubbers - During the summer of 1973 inspection at Millstone and
; another facility revealed a large number of inoperable hydraulic shock
! suppressors (snubbers) made by the Bergen Patterson Pipesupport Corporation.

At Millstone Unit 1 on June 29, 1973 the licensee found that 20 of the 45
installed snubbers were inoperable due to loss of hydraulic fluid. As a;

result of these findings, the Commission required each operating reactor,

licensee to immediately inspect all Bergen Patterson snubbers utilized on
'

safety systems and to reinspect them 45 to 90 days later. Snubbers by
other manufacturers were also inspected but on a lower priority basis.

1

i Follow-up inspections of the snubbers were conducted at Millstone Unit 1
on a monthly basis for September 1973 to March 1974. One or more units

j were found to be inoperable at each inspection. Subsequent inspections
within the required 90 day intervals continued to show at least one unit
to be inoperable until the Fall 1974 refueling outage at which time new,

filler plugs, 0-rings and seals were installed in all hydraulic snubbers.t

i

The resolution of this generic problem has been accomplished via Technical
Specifications. An inspection program has been specified with the inspec-
tion frequency based on the observed snubber failures. The longest inspec-
tion interval after a record of no failures is 18 months. Where snubbers
contain material which has not been demonstrated to be compatible with the
operating environment, inspection would be required every 31 days until
compatibility is established. Technical Specifications for Millstone Unit '

1 which implement the snubber inspection program were issued as Amendment
No. 10 together with Safety Evaluation Report dated August 25, 1975.

i

(5) feedwater Nozzle Internal Cladding Defects - During the refueling and,

: maintenance shutdown which was completed with startup on November 2, 1974,
! inspection of the reactor vessel interior revealed cracking of the clad-

ding in the vicinity of the feedwater nozzles. A total of 20 cracks were
found. The licensee stated that none of the cracks were found to pene-
trate base metal. All cracks were removed by grinding. Subsequently,
after reactor vessel flooding and drain-down, three areas of oxidation

;
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(i.e., rust) were observed indicating exposure of base metal. This expo- [
sure resulted from the grinding,

i

By letter dated October 21, 1974 the licensee submitted a "Special Report,
Millstone Nuclear Power Station Unit 1, Feedwater Nozzle Cladding Defects."
This report described the clad cracking, the probable causes, the correc-
tive action taken, the planned surveillance and included a safety analysis. |
The clad cracking was attributed to thermal fatigue resulting from exces-
sive feedwater leakage bypassing the thermal sleeve. The licensee expected t

resolution of this problem with installation of design #4 spargers.
!

Following grinding out of the cladding cracks, the reactor vessel was
flooded for the refueling operations. Subsequently, the vessel was drained- .

down to install additional instrumentation (i.e., temperature sensors) on
the feedwater spargers; at that time rust spots were noted at three of the
ground-out areas. The licensee described the base metal penetration and
its significance in " Addendum 1, Millstone Nuclear Power Station Unit 1,
Special Report, Feedwater Nozzle Cladding Defects," dated October 29, 1974.

The licensee concluded that there was no unreviewed safety question related
to the clad cracks or with the indications of base metal exposure. The
staff found no basis for disagreement with this conclusion.

(6) Gas Turbine Generator Performance - The onsite emergency power is supplied {
to the essential busses by a diesel generator and a gas-turbine generator, j

The gas-turbine generator is a commercially available unit consisting of i

a modified jet engine, a 12 MW turbine generator and exciter, and a central
control and switchgear package. This unit had been used to provide utility
peaking power as well as to serve as an onsite emergency power source
during the early period of MP-1 operation. It is no longer used to meet
peak load demand. To satisfy the requirements for an onsite emergency
power source, the unit was required to reliably start and be capable of
accepting loads in 48 seconds. Because this was the only nuclear power
plant using a gas-turbine generator as an onsite emergency power source i

'the staff reviewed with particular interest the statistical performance of
this unit as provided by the licensee. The application for full term
license indicated that the mean gas turbine generator reliability (89.5%)
was less than the staff's minimum requirement for the reliability of
onsite energy sources (99% at a 50% confidence level).

,

The applicant has maintained records of the operation, testing, maintenance,
modification, and repair of this unique feature of his design since 1970.

I The staff reviewed this information and the results of the evaluation for
|

that period indicated that the failure rate (at a 99% confidence level) i

was less than 1.1 per 100 attempts to start with expectations for further-'

i reductions in the start failure rate as deficiencies are identified and
i corrected.
i

The method which was used in this analysis was to identify the operating ;:
I and test events which had resulted in a failure to achieve the desired

'

'

results (start, load, etc.) and to list this data on a yearly basis as %i

! failure /try. Least squares fits to this data were made and the " goodness"
of fit of the resultant curves was determined by the Chi-squared test.

I

<
.

i
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i

,

i i

!

! Additional results indicate that the present failure rate for fast starts {i is now less than 1% and decreasing (at a confidence level greater than '

i 99%). We have concluded that the reliability of the gas turbine generator *

! is at least equal to that which is required of diesel generators for the
present MP-1 nuclear application and the gas turbine is, therefore, accept- |

;

1 able. (Additional information - Ref. 5).
s (7) Other Operating Problems - The remaining operating problems cover a spec-
|

-

trum of events; however, all were of less importance in the early plant !j operating history than the events described above.- They include failure
1 of main steam line isolation valve to close, protective instrumentation

set point drift, failure of select rod insert to function, isolation con- *,

j denser failure to operate, steam line movement with a turbine trip, low
emergency service water pump pressure, failure of safety / relief valve to!

j reseat after operation, reactor recirculation pump motor failure, malfunc-
;i tion of main turbine pressure control system, safety valve leaking, plant

j shutdowns due to excessive primary coolant system leakage, failure of pres-
,

!
- sure taps in main steam line flow detector instrumentation, dislocation of
; baffles in the torus from stresses associated with relief valve operations,

and occasions when radioactive gaseous effluents released from the facilityi

affected offsite locations. More recsnt operating problems are identified
{in IPSAR (Ref. 5) and Millstone Nuclear Power Station Annual Reports for
{1 the years 1973 through 1983 (Ref. 11).
i'

i i

These events highlight the operation of Millstone Unit 1 reactor to date. All
of these problems have been or are being resolved in a satisfactory manner.

|On this basis we conclude that the Millstone Unit I has been operated in a safe ;

manner and its continued operation is expected to be satisfactory. !,

1
*

: 1.4 Plant Modifications i

j
,

- As a result of operating experience at this and other operating BWRs, several !} modifications have been made or are in the process of being made. The most '

i important are identified below:

(1) Provisions for Protection Against High Energy Pipeline Break Outside !Containment:
,

j Evaluation of a high energy pipe break analysis led to the encapsulation
j. of the feedwater regulating station and a portion of the upstream and

|; downstream piping.
><

j (2) Implementation of As Low As Reasonably Achievable (ALARA):
.

An extensive addition was made to the radwaste systems to meet the ALARA
) criteria for radioactive releases. This is discussed in the staff Environ-

1

mental Evaluation dated December 17, 1984 (Ref. 10).
1

(3) Feedwater Spargers:
|

| All four spargers were replaced three times, as described in the preceding
| Section 1.3.2(2) of this report, prior to 1975 (and twice since 1975),
i
t

I i

: i

1 !
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i (4) Torus Baffles:
IAll of the torus baffles were removed during the Fall 1974 refueling outage.

(5) Containment Vacuum Breakers:

! Additional instrumentation has been installed to improve the closure moni-
toring capability of the drywell to torus vacuum breakers.

(6) Reload Fuel::
;

One 8 x 8 segmented test rod fuel assembly was inserted in the core during'

the fall 1974 refueling. A normal one quarter core of 8 x 8 fuel assem-
blies was loaded during the Fall 1975 refueling outage. All reloads since

have ut'ilized 8 x 8 fuel assemblies.

Other plant modifications during this period include changing the offsite power
! connections to provide a connection for Unit 2, addition of provisions for main-

taining a " keep-full" condition in the core spray and low pressure coolant'

i injection system pipelines, and installation of dry-test equipment for surveil-
lance of the operability of the gas turbine generator.

The staff concluded that these plant modifications were acceptable based on
reviews which were performed in accordance with 10 CFR Part 50 550.59.

,

The licensee has reported (Ref. 14) that the total capital costs of backfit
plant modifications made since the plant started operation is nearly double the
initial cost of the Millstone-1 plant. These plant modifications are presented
below under the categories identified in the report.

Category: Three Mile Island Related Backfits

Project Description

!
Supplement 1, NUREG-0737 Control Room Redesign, Plant Safety Para-
meter Display, Reg. Guide 1.97 and Emergency Support Facilities
(Ref. 15).

Accident Monitoring Instrumentation
Post Accident Sampling
Control Room Habitability (continuing evaluation)
Emergency Operations Facility
Public Alerting
Radiation Monitoring

Category: NRC Imposed Backfits (non TMI)

Bulletin 79-02, 79-14 (Ref. 16 and 17)

Torus Modifications
Environmental Enclosures (EEQ) (Ref. 19)

i Masonry Walls (Bulletin 80-11) (Ref. 18)
Security System Upgrade
Scram Discharge Volume Mods
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Iso - Condenser Upgrade
Appendix R Modifications
Hydrogen Control Modifications
Misc. Seismic Mods
SEP Modifications (Various)
Fire Detection Equipment
Misc. Fire Protection,

Recirculation Pump Trip

Category: Utility Initiated Backfits

FW Clad /Sparger
; Core Spray Piping
! Retube Condenser
'

FW Checkvalve Replacement
345 KV Breakers
FW Heater Repair

Category: Hybrid Backfits

Fuel Storage Racks
Off Gas Facilities
Radwaste Facilities
Process Computer Replacement
Training Facility
Process Computer Upgrade
Radwaste Storage

'

Plant Specific Simulator,

1

i

i
I

i

|
,

!

I

l

i

|

Millstone - FTOL SER l-19

|

|

- _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ --_-_ _ _ _ _ - - _ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ ___ _--__.



2 SITE CHARACTERISTICS

2.1 Geography and Demography

Millstone Unit 1 is located in the town of Waterford, New London County,
Connecticut, on the north shore of Long Island Sound. The 202-ha (500-acre)
site occupies the tip of Millstone Point between Niantic Bay on the west and
Jordan Cove on the east and is situated 5.1 km (3.2 mi) west-southwest of New
London and 64 km (40 mi) southeast of Hartford. The Millstone Unit 1 contain-
ment structure is located immediately south of Millstone Units 2 and 3. The
site characteristics described in the Millstone 3 SER, NUREG-1031 (Ref. 4) are
generally applicable to Millstone 1.

2.1.1 Population Distribution

The town of Waterford, in which Millstone Unit 1 is located, had a 1980 total
population of 17,843 (1980 census). New London is the closest population center
to Millstone Unit 1 (i.e., a center with more than 25,000 residents, as defined
by 10 CFR 100) with a 1980 population of 28,842. The distance between Millstone
Unit 1 and New London is about 5.7 km (3.5 mi), which is beyond the minimum
distance requirement of 5.1 km (3.2 mi) as set by 10 CFR 100. As noted else-
where, Millstone 1 is one of three nuclear power plants located at the Millstone
Nuclear Power Station. A more informative description of the population distri-
bution in the vicinity of the Nuclear Power Station is presented in NUREG-1031
(Ref. 4).

SEP Topic II-1.B concluded that the site conforms to the current licensing
criteria pertaining to population distribution.

2.1.2 Exclusion Area Aut.hority and Control

The licensee has defined the exclusion area as equivalent to the area within
the site boundary that is identified in Figure 2.1. The site, which is entirely
within the exclusion area, is owned by a number of participants in ownership.
Under contract to the owners, Northeast Nuclear Energy Company (NNECO), the
operating company and lead licensee for all three units at the Millstone site,
has the controlling authority for the exclusion area.

The site is traversed from east to west by a Conrail / Amtrak railroad right-of-
way. The main line tracks are about 0.83 km (0.52 mi) from the Millstone Unit 1
containment structure. Control of this area is provided by written agreement
between the applicant and Conrail / Amtrak. A portion of the exclusion area is
leased to Waterford for public recreation and is used primarily for soccer and
baseball games. A portion of the exclusion area is located off shore. Control
of this area is'provided by written agreement between the licensee and the
U.S. Coast Guard.

By virtue of ownership, as well as arrangements made with the U.S. Coast Guard
and the Conrail / Amtrak Company, the staff concludes that the licensee has the
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authority to determine all activities within the exclusion area, as required by
10 CFR 100 (SEP Topic II-1.A).

2.2 Nearby Industrial, Transportation, and Military Facilities

Millstone Unit 3 (NUREG-1031 - Ref. 4) was reviewed in accordance with SRP Sec-
tions 2.2.1, 2.2.2, 2.2.3, 3.5.1.5, and 3.5.1.6 (NUREG-0800). The results are
equally applicable to Millstone Unit 1.

2.2.1 Transportation Routes

The nearest major highway that may be used for frequent transportation of
hazardous materials is I-95, which is located 6.4 km (4 mi) from the Millstone
site. Other principal highways that pass near the site include U.S. Route 1,
which is located 4.8 km (3 mi) from the site, and State Highway 156, located
2.4 km (1.5 mi) from the site. The separation distances of transportation
routes from the plant preclude any significant hazards to the plant from either
toxic or explosive materials.

As noted previously, the Conrail / Amtrak railroad traverses the site from east
to west. The smallest distance between the mainline tracks and the Millstone
Unit 1 containment structure is 0.83 km (0.52 mi). The licensee has ascertained
the hazardous materials and their shipment frequencies for this rail line based
on the basis of data obtained from Conrail for the period January 1978 through
June 1979 and January 1982 through December 1982. On the basis of the survey
data provided, the licensee conclud?d that the only hazardous material requiring
a hazard assessment is liquefied petroleum (propane) qas. Hence, the licensee
has analyzed the direct effects of an instant ignition and explosion, as well
as one caused by delayed ignition. The staff has reviewed the licensee's
analysis and concludes on the basis of the separation distances, size, frequency,
and types of cargo shipped on this railroad, that the risk to this plant is
below design requirement.

There are no major pipelines within 8 km (5 mi) of the site. The nearest
natural gas distribution line is approximately 4.7 km (2.9 mi) from the site,
located along Rope Ferry Road in Waterford. This is a 6-in. plastic pipeline
carrying natural gas at 30 psi. There is a possibility of extending the gas
distribution line along Rope Ferry Road to the intersection of Great Neck Road.
This would bring the pipeline to 3.9 km (2.4 mi) from the Millstone site. The
staff has evaluated this pipeline and concluded that the present and proposed
locations do not represent a hazard to the plant. The licensee will keep the
staff advised of any future extensions of this pipeline or introduction of new ,

lines within 8 km (5 mi) of the site. |

Ships that pass by the site in the shipping channels of Long Island Sound are
of two types: general cargo freighters, which usually are partially unloaded )
with drafts of 20 to 25 ft, and deep draft tankers with drafts of 35 to 38 ft.

! Both of these classes of ships must remain at least 3.2 km (2 mi) off shore to
' avoid running aground on Bartlett Reef. On the average of once a month, a

barge carrying 15,000 barrels of sulfuric acid is towed past the site outside
of Bartlett Reef. No oil barges pass to the shore side of Bartlett Reef. The
staff has concluded that the type of materials shipped and the distances main-
tained between the carriers and the site do not represent a hazard to the plant.
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The air lane nearest to the site is V58, which is approximately 6.4 km (4 mi)
northeast of the site. Other air lanes in the vicinity include V16, 9.6 km,

j (6 mi) northwest, and V308, 12.9 km (8 mi) east. The nearest high-altitude jet
route, J121-581, passes 14.5 km (9 mi) southeast of the site.

; On the basis of these transportation route separation distances from Millstone
: Unit 1, the nature of the materials transported, and the specific evaluation of

the rail line transient cargo passing through the station exclusion area the
staff concludes that traffic along these transportation routes will not
adversely affect the safe operation of Millstone Unit 1.

2.2.2 Nearby Facilities

The area in the vicinity of the Millstone site includes three major industrial
facilitier (Dow Chemical Corporation, Pfizer Corporation, and Electric Boat
Division of General Dynamics Corporation), two transportation facilities3

(Groton/New London Airport and New London Airport), and four military installa-,

tions (U.S. Navy Submarine Base, U.S. Coast Guard Academy, Camp O'Neil, and
Stone's Ranch Military Reservation).

,

The Dow Chemical Corporation of Allen Point, Ledyard, Connecticut, is located
'

on the east bank of the Thames River approximately 16.1 km (10 mi) north-
; northeast of the site. Dow Chemical is a producer of synthetic compounds and
; employs approximately 160 persons. Dow Chemical produces inorganic compounds,

such as Styron, Styrofoam, and a base product of latex paints. All materials
i

i are moved to and from the company by truck and/or railroad.
,

The Pfizer Corporation of Eastern Point Road, Groton, Connecticut, is located
on the east bank of the Thames River, approximately 8 km (5 mi) east-northeast,

of the site. The Pfizer Corporation is a producer of pharmaceutical and
medical supplies, employing approximately 3,000 persons. Pfizer Corporation4

I produces organic compounds and pharmaceutical materials, such as citric acid,
antibiotics, synthetic medicines, vitamins, and caffeine. All materials are
moved to and from the Pfizer Corporation by truck and/or railroad.

i

The Electric Boat Division of General Dynamics of Eastern Point Road, Groton,
i Connecticut, is located 8.9 km (5.5 mi) east northeast of the site. The

Electric Boat Division employs approximately 20,000 persons, and is a producer
of submarines and oceanographic equipment for the commercial industry and the
U.S. Navy. The nature of products produced at Electric Bcat requires that they
handle substantial amounts of nuclear materials that are licensed under the
Naval Reactors Division. All material is moved by truck, railroad, and/or
barge to and from the company with the exception of completed ships that are

j launched.
.

The New London Airport located approximately 6.4 km (4 mi) north-northeast of
the site is limited to handling small, private aircraft. Seven persons are1

'

employed at the airport on a full-time basis. Approximately 12 additional
1

part-time persons may be employed at this airport, primarily during the summer I
i months and on weekends. Scheduled commercial aircraf t do not use this airport. I'

The maximum runway length is 2,000 ft. The largest aircraft known to use this )airport on a regular basis is a Piper Aztec, with a gross weight of 5,200 lb. ;
^

:
!

l
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The Groton/New London Airport, located 11.3 km (7 mi) east-northeast of the
site, handles regularly scheduled commercial passenger flights. Two hundred
persons are employed at Groton/New London Airport on a full-time basis. The
airport has three runways. These range from 3,000 to 5,000 ft. The largest
commercial aircraft to use this airport on a regular basis is a Fokker-F27,
with a gross weight of 45,200 lb, plus a fuel load of 11,000 lb.

The U.S. Navy Submarine Base, Groton, Connecticut, is located on the east bank
of the Thames River, 11.3 km (7 mi) northeast of the site. There are about
14,000 military and civilian personnel stationed on or near this base. The
U.S. Navy Submarine Base provides logistics as well as training and operation
of the base and its ships (nuclear and non-nuclear). All materials are moved
by truck, railroad, barge, and/or ship to and from this facility.

The U.S. Coast Guard Academy, New London, Connecticut, is located on the west
bank of the Thames River, approximately 9.7 km (6 mi) northeast of the site.
Over 900 cadets attend the academy. Approximately 500 military and 150 civilian
personnel are employed here. All materials used at the academy are nonhazardous
and are moved by truck.

Camp O'Neill, located approximately 3.2 km (2 mi) northwest of the site, is a
training headquarters for the Connecticut Army National Guard. It is owned and
operated by the Military Department of the State of Connecticut. On a full-time
basis, it employs 24 persons (military and civilian) including the headquarters
personnel for the Connecticut Military Academy, Post Operations personnel, and
the 745th Signal Company. On a part-time basis, during various weekends, Camp
O'Neill is occupied by varying numbers of troop units for administrative train-
ing, billeting, and supply functions for the Connecticut Army National Guard.

In addition to Camp O'Neill, the Military Department of the State of Connecticut
; also maintains a field training facility known as Stone's Ranch Military Reserva-
; tion, located 11.3 km (7 mi) northwest of the site. Nineteen persons are
| employed here full time for two regional motor vehicle and equipment maintenance
i shops. It is also occupied on a part-time basis by varying numbers of troop

units for periods of field training for the Connecticut Army National Guard.i

No significant ordnance is stored or used at this facility.

| On the basis of the separation distances and the type of activities conducted
at the above facilities, the staff concludes that these activities do not repre-

| sent a hazard to the safe operation of the plant.

I

! Based on the criteria given in 10 CFR 50, Appendix A, General Design Criterion
! (GDC) 4, and in SRP Section 2.2.3, the staff concludes that the plant is ade-

quately protected and can be operated with an acceptable degree of safety con-,

| sidering activities at nearby transportation, industrial, and military facili-
; ties (SEP Topic II-1.C).

!

| 2.3 Meteorology

Evaluation of regional and local climatological information, including extremes
of climate and severe weather occurrences that may affect the design and siting
of a nuclear plant, assures plant design and operation within the requirements
of Commission regulations (SEP Topic II-2.A). Information concerning atmospheric
diffusion characteristics of a nuclear power plant site is required to determine
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that radioactive effluents from postulated accidental releases, as well as rou-
tine operational releases, are within Commission guidelines (Ref. 4).

2.3.1 Regional Climatology

Cold air moving southeastward into the area of the Millstone site is modified
by Long Island south of the plant. The Atlantic Ocean to the east also has
a moderating effect on climate. Continental air masses dominate the region
in winter and alternata with mar itime tropicai air masses in summer. The mean
annual temperature in the area is about 52 F, ranging from about 30 F in January
to about 74 F in July. Annual precipitation in the area is about 39 in.

The site lies near a principal track of storms that move northeast along the
Atlantic coast and result in a variety of severe weather phenomena that affect
the site area. Thunderstorms can be expected on about 22 days each year. About
60% of these thunderstorms occur between the months of June and August. Con-
sidering the frequency of thunderstorms, the applicant has estimated the number
of lightning strikes to the ground per year at the Millstone site to be about
two per year. Hail of ten accompanies severe thunderstorms.

During the period 1955 through 1967, an average 1.4 occurrences per year of
hai! with diameters 19 mm (3/4 in.) or greater were reported in the one-degree
latitude-longitude square containing the site.

Tornados are uncommon in the region. For the two-degree latitude-longitude
" square" (14,125 mi2) containing the site, an average of about two tornados per
year were reported for the period 1954 through 1981. On the basis of calculated
expected mean tornado path area of 0.18 mi2, the computed probability of occur-
rence for a tornado at the plant site is about 3.2 x 10 5 per year. The licensee
has ccmputed a higher probability of occurrence (s5.5 x 10 4 per year) based
on a larger tornado path area (2.82 mi2) and a smaller annual frequency (0.7
tornado per year). The characteristics of the design-basis tornado considered
by the licensee for the plant are based on the recommendations of Regulatory
Guide (RG) 1.76, " Design Basis Tornado for Nuclear Power Plants," for this
region of the country. The applicant's design-basis tornado has a 360-mph
rotational velocity, with a translational velocity of 60 mph, a total pressure
drop of 3 psi, and a rate of pressure drop of 2 psi /sec.

Hurricanes occasionally track northward along the Atlantic coast. In the period
1871 through 1981, about 15 tropical depressions, tropical storms, and hurricanes
have passed within about 50 mi of the plant. Wind speeds associated with these
storm systems are usually highest along the coast, with wind speeds diminishing
inlard.

{

High wirds speed occurrences in the area are associated with severe thunder-
storms, extratropical cyclones, tropical storms, and hurricanes. The highest
" fastest mile" wind speed reported at Bridgeport, Connecticut, was 67 mph in
January 1964.

Heavy snowfall is not uncommon in the region, and roof loads may accumulate as )a result of wintertime precipitation mixture of snow, ice, and rain. The maxi- 1

mum monthly snowfall and the maximum snowfall in a 24-hour period observed in
Bridgeport, Connecticut, were 74 in, and 16.7 in., respectively, during the
month of February. Ice storms, which may disrupt offsite power, are relatively
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infrequent. The licensee estimates that ice or freezing rain may occur about
one time per year in the Millstone region, with a glaze accumulation of 0.25 in.
Amounts greater than 0.5 in. can be expected about every 2 years. The applicant
has estimated the weight on the ground of the 100 year return period snowpack
to be 31 psf.

Occasional large-scale episodes of atmospheric stagnation occur in the region.
From 1960 through 1970, 10 atmospheric high pollution potential periods were
identified in the area.

2.3.2 Local Meteorology

Climatological data from Bridgeport, Connecticut, and available onsite data
have been used to assess meteorological characteristics of the plant site.

Extreme temperatures of -10*F to 103 F have been measured during 1901 through
1981 at Bridgeport, Connecticut. Onsite temperature extremes have ranged from
-4.9 F to 88.7 F during the period of January 1974 through December 1981.

Precipitation is well distributed throughout the year, ranging from about
2.6 in. in June to almost 4 in. in November. The maximum amount of precipita-
tion in a 24-hour period at Bridgeport, Connecticut, was 6.89 in.

Long Island Sound, adjacent to the plant site, is used as the plant ultimate
heat sink and is acceptable in accordance with the requirements of RG 1.27.

The wind distribution in the area, as determined on site, has an occurrence of
42% from a northwesterly quadrant direction with about 21% from the southwesterly
direction. Remaining winds are distributed fairly uniformly in the remaining
directions.

i

2.3.3 Onsite Meteorological Measurements Program

Onsite meteorological measurements are made on a 450-ft tower situated south-
southeast of the plant located less than 1/4 mi away from the main plant struc-
ture in proximity to the Long Island Sound shore. Measurements of wind speed,
wind direction, vertical temperature difference, ambient temperature, and dew

[ point temperature are all made on the tower. Solar radiation measurements are
made near ground level at the tower base.

I The original onsite meteorological measurements program at Millstone began in
1965 and has continued in support of Units 1 and 2. The program was upgraded
in 1973 to conform to RG 1.23.

! The data being collected are recorded on strip chart recorders in the instru-
ment shed near the tower, as well as in the control room. In addition, the

information is recorded on magnetic tape for use on the plant microcomputers
and the larger corporate computer systems.

Onsite data collected from January 1981 through December 1982 had a joint data
recovery rate of over 90% for wind speed and wind direction, measured at the
10-m level, and temperature difference between 10 and 43 m. These data were
used to evaluate both short- and long-term gaseous dispersion as described
below.
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|
! Also, the meteorological data will be available to the site and corporate emer-

| gency operations facilities for use in the dose calculation model following an
accidental release at the plant. The data will also be available to the tech-
nical support center.

The staff has reviewed the onsite meteorological measurements system in
accordance with SRP Section 2.3.3 and concludes that the current meteorological
measurements program has provided data to represent onsite meteorological condi-
tions as required in 10 CFR 100.10 and 10 CFR 50, Appendix I. The staff con-
cludes that the historical site data provide a reasonable basis for making
conservative estimates of atmospheric dispersion conditions for estimating
consequences of design-basis-accident and routine releases from the plant.

2.3.4 Accident Diffusion Estimates

By letter dated May 19, 1981, the licensee submitted an analysis of the
atmospheric transport and diffusion characteristics for the Millstone site.

For the purpose of this evaluation, (SEP Topic II-2.C) a comparison was made
between the values submitted by the licensee and values determined independently
by the staff; the licensee utilized five years of data (1975-1979) and the
staff used two years of data (1974-1975). The licensee computed the concentra-
tions for each year separately, then selected the highest value that occurred
in any year; the staff combined the two years of data and computed the values
accordingly. The wind speed and wind direction were measured at the 10 m
(33 ft) and 136 m (446 f t) levels; atmospheric stability was defined by the
licensee and the staff using the vertical temperature gradient between the 10 m
and 43 m (142 ft) levels for ground level releases. For the elevated releases,
the licensee determined the horizontal stability by computing the wind direction
variance at the 136 m (446 ft) level and the vertical stability by the vertical
temperature gradient between the 10 m and 136 m levels; the staff determined
the horizontal and vertical stabilities by the vertical temperature gradient

between the 10 m and 114 m (374 ft) levels. The calculational methodology of
the licensee produced generally smaller values than those calculated by the
staff even though they used five years of data compared to two years. The staff
values are the more conservative and are thought to be more in agreement with
the guidance presented by Regulatory Guide 1.145. Therefore, we have determined
that the staff values are appropriate for use in accident dose calculations.

The following relative concentration values for assumed ground-level and elevated
releases have been determined at distances corresponding to the exclusion area
boundary distances in each sector (EAB) and the outer boundary of the low popula-

,

tion zone (LPZ) in an onshore direction; the building wake correction factor for'

the off gas building of 82 m was used in the ground level release calculations
and topographic variations were considered for the elevated release calculations.

GROUND LEVEL RELEASE

3Time Period Distance & Direction X/Q (sec/m )
0-2 hours FAB (566 m) NE 6.1 x 10 4 j

0-8 hours LPZ (3860 m) SSW/ENE 1.9 x 10 5
8-24 hours LPZ (3860 m) SSW/ENE 1.3 x 10 5
1-4 days LPZ (3860 m) SSW/ENE 5.5 x 10 8

4-30 days LPZ (3860 m) SSW/ENE 1.7 x 10 6

|
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ELEVATED RELEASE
i

aTime Period D_istance & Direction X/Q (sec/m )

0-2 hours fumigation EAB (496 m) NE 9.2 x 10 5
1

0-4 hours fumigation LPZ (3860 m) N 1.8 x 10 5
2 4-8 hours LPZ (3860 m) N 1.3 x 10 6

8-24 hours LPZ (3860 m) N 8.5 x 10 7 j

1-4 days LPZ (3860 m) N 3.6 x 10 7
" 4-30 days LPZ (3860 m) SE/NE 1.1 x 10 7

The staff concludes that the X/Q values presented are appropriate for esti- <

mating exposures from postulated accidents and should be used in all accident
calculations.

2.4 Hydrologic Engineering

; The staff has reviewed the hydrologic engineering aspects of the licensee's
design, design criteria, and design bases of safety-related facilities at the

.

'
: Millstone Unit 1 station. The acceptance criteria include the GDC, the reactor

site criteria (10 CFR 100), and standards for protection against radiation
(10 CFR 20, Appendix B, Table II). Guidelines for implementation of the
requirements of the acceptance criteria are provided in RGs, American National
Standards Institute (ANSI) standards, and branch technical positions (BTPs)

. identified in SRP Sections 2.4.1 through 2.4.14. Conformance to the acceptance
! criteria provides the bases for concluding that the site and facilities meet
; the requirements of 10 CFR 20, 50, and 100 with respect to hydrologic l

engineering.

2.4.1 Hydrologic Description (SEP Topic II-3.A)
.

I The ground elevation at the site ranges from sea level to 40 ft above mean sea
| level (MSL). Mean high tide is about 1.3 MSL. Unit 1 plant grade is at el
' 14 ft MSL. Significant hydrologically related plant features include the intake

structure and adjacent shore protective structures located at Niantic Bay. Sur-
! face drainage from the plant, yard, roofs, and catch basins flows into under-

ground stormwater conduits or surface channels that discharge into Niantic Bay.
.

i There are no perennial streams on or adjacent to the site. Precipitation

; falling on the site is conveyed to Long Island Sound by surface runoff and
groundwater flow. Normal variations in the water levels of long Island Sound

,

; and at the sheres of the plant site are induced primarily by semidiurnal tides.
' Extreme variations in water levels are storm induced and result'from tropical

| windstorms (hurricanes) and extratropical windstorms. During the past 45 years,
six hurricanes have given rise to abnormally high stillwater levels ranging from4

|
5 ft to approximately 10 ft MSL, not including waves,

f Plant operation utilizes once-through cooling, extracting water from Niantic
i Bay and discharging it into an abandoned quarry that is connected to Long Island
| Sound.
|
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|

'

There are no dams or other hydraulic control structures on the Niantic River
(which. flows into Niantic Bay) or any other drainageways in the area. Neither
are there any stream flow gages on adjacent water sheds.

i

The primary source of flooding at the Millstone site is from hurricane surge-

flooding in Long Island Sound and the accompanying wind wave activity.

Natural drainage patterns on the point are into Niantic Bay and Long Island.

Sound, and a small area drains through the quarry. The land north and west of
1 the point drains into Niantic Bay and Jordan Cove directly, with no major
j drainageways passing through the plant site.

Groundwater movement on Millstone Point is extremely slow, as evidenced by thei fact that the average water level measured in the granite quarry was 17 ft below
msl before the discharge canal connecting the quarry to Long Island Sound was
built.<

The hydrologic design bases used for plant construction are listed below::

,

The roof drains are designed to handle a 100 year recurrent rainfall -o
3 inches in 1 hour; 7.10 inches in 24 hours.

;

The roofs of safety related buildings are designed for a live loading ofj o

", 60 psf.

Exterior walls of safety related buildings are designed to protect againsto

hydrostatic forces to elevation 19 ft msl through the use of emergency
; procedures to close flood gates.

i o The intake structure is designed for the forces resulting from wave runup
i to elevation 32.4 ft ms1.

The design basis rainfall for the plant site storm sewers is 2.00 incheso
; per hour for a 30-minute duration.
,

The design basis groundwater level is not known, however the licensee haso
i stated that safety related structures are capable of withstanding hydro-

static and uplift pressures that would result from a water level to
elevation 19.0 ft ms1.

i

The emergency service water pumps are designed to operate at a minimumo

i water level of -6.0 f t MSL.
4

! The licensee has provided hydrologic descriptions of the site. The staff has
reviewed the licensee's information in accordance with procedures in SRP Sec-

i tions 2.4.1 and 2.4.2 and concludes that the general hydrologic descriptions of
the site meet the applicable requirements of GDC 2 and 10 CFR 100. t;

2.4.2 Floods
;

; 2.4.2.1 Flood Potential
a
j

Flooding near the site has historically been caused ,j hurricanes. The licensee
reported that the maximum historical flooding was the result of a hurricane on

i
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September 21, 1938, which produced a flood level elevation of 9.7 ft MSL at New
London, Connecticut.

The licensee considered several flooding sources in establishing the flooding
design basis for the site. These events include stream flooding, precipitation
induced flooding, flooding caused by seismically induced dam failure, ice
flooding, tsunami-induced flooding, and surge and seiche flooding. The licensee
states that the~only sources of flooding that could affect Millstone Unit 1 are
direct rainfall and storm surges and that the controlling event for flooding at
the site is the result of a storm surge induced by the probable maximum hurri-

i cane (PMH). The staff concurs that the PMH and the local probable maximum
: precipitation (PMP) are the appropriate design-basis events for this site.

2.5 Geology and Seismology

2.5.1 Basic Geologic and Seismic Information;

1

The geology and seismology of the site were reviewed in detail (1) before the
construction permits and operating licenses were issued for Millstone Units 1
and 2, (2) for the systematic evaluation program (SEP) for Millstone Unit 1 SEP
Topic II-4, and (3) before the construction permit was issued and the operating

: licensee review was performed for Millstone Unit 3. The reviews were performed
| by the staff of the U.S. Atomic Energy Commission (AEC), the predecessor to the

U.S. Nuclear Regulatory Commission (NRC), and its geologic advisors, the U.S.
Geological Survey (USGS), and its seismological advisors, the National Oceanic'

and Atmospheric Administration (NOAA). The findings of those reviews were publ-
ished in the safety evaluation reports (SERs) relating to the construction per-

;

mits and operating licenses f ar the Millstone Point Nuclear Power Station Units 1

,
and 2, SEP review topic II-4 safety evaluation for Millstone-1, and in the SER
relating to the construction permit for Millstone Unit 3.!

+

2.5.2 Regional Geology (SEP Topic II-4)

The Millstone site lies within the Seaboard Lowland section of the New England

i Physiographic Province (Fenneman 1938 and Thorr. bury 1965). The Seaboard
| Lowland is a maturely eroded and glaciated peneplain with elevations ranging
) from sea level to less than +200 feet msl.
!
'

The New England Physiographic Province is a northern extension of the
Appalachian Mountains which has been modified by glaciation. Bedrock is

;

generally overlain by a few feet to a few hundred feet of glacial deposits.

! Based on review of the Pilgrim 2 and New England 1 and 2 and Millstone 3 sites,
i the staff concludes that the Millstone Unit 1 site is within the New England-

Piedmont Tectonic Province, which is in accord with the tectonic province con- J
cept of King, Rodgers, Eardley and Hadley and Devine. The New England-Piedmont i

Province is comprised of Precambrian and Paleozoic basement and sedimentary
rocks that have been extensively folded, faulted, metamorphosed, and intruded'

by igneous rocks during successive episodes of orogenic activity.
.

The New England-Piedmont Province consists of major northeast-southwest|
| striking anticlinoria and synclinoria composed of metamorphic rocks and plutonic

bodies. From the west in Vermont and western Massachusetts to the Atlantic

|
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Coast these major folds are: the Green Mountain - Sutton Mountain anti-
clinorium, the Connecticut Valley - Gasps, synclinorium, the Bronson Hill -
Boundary Mountain anticlinorium, the Merrimack synclinorium, and the Coastal
anticlinorium. The site lies near the sc'ithern end of the Merrimack
synclinorium. The Merrimack Synclinorium is cut by the Honey Hill fault
complex about 14 to 15 miles (22 to 24 kilometers) north of the site.

Although the staff accepts the larger tectonic province, the New England-Piedmont
Province -in New England can be further subdivided based on geology into the
Southeastern New England Platform and the White Mountain Plutonic Series. The
Southeastern New England Platform is separated from the New England-Piedmont
Province in the site region by the Honey Hill-Lake Char thrust fault complexes.
The boundary farther to the north and east is the Clinton-Newbury and Bloody
Bluff thrust fault systems. It has been suggested (SEP Topic II-4B) that these
generally northerly dipping thrust faults and associated rocks of high grade
metamorphism represent a Paleozoic collision zone between a plate containing
the Southwest New England platform and a plate containing the New England fold
belt. The site lies on the southeastern New England Platform.

The southeastern New England Platform is composed of Precambrian granitic
basement rocks, Silurian and Devonian volcanic and intrusive rocks, Cambro-
Permian basins, an area of late Paleozoic intrusive and metamorphic rocks, and
the zone of mid-Paleozoic, post-metamorphic thrust faulting represented in the
site region by the Honey Hill-Lake Char fault zones. Except for the Honey
Hill-Lake Char fault zones, the Southeast New England Platform has undergone
relatively little structural deformation or metamorphic alteration since the
Paleozoic (240 million years before present-mybp). Known faulting is related
to basin development during the Cambrian-Permian (570 mybp to 240 mybp).
These basins include the Narragansett, Boston, North Scituate, Woonsocket,
and Norfolk areas.

The White Mountain Plutonic series is an elongate, north-northwest oriented
group of alkaline intrusives that extend from northeastern Massachusetts
through New Hampshire. They were emplaced from Permian to Cretaceous. As a
result of reviews of the Indian Point 3, Seabrook, Montague, Pilgrim 2, and
New England sites, the staff concluded that there was a spatial relationship
between the zone defined by these intrusives, which represent the youngest
significant deformation features in New England, and historic seismicity. The
largast New England earthquakes occurred within this zone.

The section of southern Connecticut in which the site is located is dominated
by a large recumbent, isoclinally folded syncline, the Hunts-Brook syncline, the !

axial trace of which lies west of the site beneath Niantic Bay (USGS, 1970 in
SER Millstone 2). The axial trace of the syncline has a southerly trend but is
sinuous due to later folding which produced secondary folds with east-west axial
traces. The site is located on the south limb of one of these east-west folds.
Numerous faults have been identified in the site region. These structures are
described and evaluated in Section 2.5.6

2.5.3 Site Geology

The site is located on a bedrock controlled peninsula that juts out into Long
Island Sound between Niantic Bay on the west and the mouth of Jordan Cove on
the east. The topography in the site vicinity is attributable to Pleistocene
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glaciation (2 mybp to 10,000 years bp). The site is located on the south )
flank of Durfy Hill, an elongated north-south oriented hill. Elevations slope

Ifrom +50 feet mean sea level (msl) at the Penn Central railroad, about 1/2 mile
(.8 kilometer) north of the site, to -50 msl about 1/2 mile (.8 kilometer)
south of the site in Long Island Sound. Elevations at the site, and where
Units 2 and 3 have been added north of Unit 1, range between +10 and +20 feet
msl.

The site area is underlain by from approximately ten to fifty feet of soil
over bedrock. The soil consists of fill, up to 20 feet of ablation till and

up to 40 feet of lodgement till over bedrock. Bedrock is predominantly Monson
gneiss, an early Paleozoic (pre-Silurian, more than 430 mybp) metamorphic rock.<

The gneiss is intruded by dikes, sills and veins of rocks similar to the Westerly
granite, which was emplaced during and after the Pennsylvanian Era (younger
than 320 mybp).

The crystalline bedrock is hard, sound and moderately jointed. Weathering
occurs along the gneiss granite contacts, joints, and foliation partings. All

Category I structures are founded on bedrock, very compact lodgement till, or
compacted structural backfill.

Sixty two minor faults were mapped in the Millstone, Unit 3 excavation. These
faults were investigated extensively and found to be not capable within the
intent of Appendix A to 10 CFR Part 100. The excavation for Unit I was not
geologically mapped. It is likely that faults similar or equivalent to the
ones mapped at Unit 3 are present in the rock beneath Unit 1. However, there
is sufficient basis to conclude that these faults are not capable. The faults

mapped in the excavation are discussed in Section 2.5.6 below.

2.5.4 Capability of Faults in the Site Region (SEP Tcpic II-4B)

Several major faults or fault systems have been recognized in the site region.
Many of these have been identified and mapped during the NRC-sponsored New
England Seismotectonic Research Program that has been underway for the last
six years. The regional faults that are most significant to the Millstone
site include: the Connecticut Valley border fault, the Honey Hill fault
system, the New Shoreham fault, and mapped or postulated faults in the
Narragansett Bay area.

The Connecticut Valley border fault forms the eastern boundary of the
Connecticut Valley graben, or half graben. The border fault, and graben were
formed as a result of continental rif ting during early and middle Mesozoic
(240 mybp to 190 mybp). There is no evidence that the fault has been active
since tnat time. The border fault is about 30 miles (48 kilometers) north-
northwest of the site.

The Honey Hill fault system is described as a zone of highly strained
cataclastic rock trending from Chester, Connecticut to North Stonington,'

Conn. , where it intersects the north striking Lake Char fault system (Lundgren,
1968 and Lundgren and Ebblin, 1972). It has been active during several tectonic
regimes frcm Devonian through at least Late Permian (290 mybp to 240 mybp). ;

During this time sense of movement along the fault system changed from strike
slip to dip slip (thrust). The thrust faulting is believed to be the result
of the collision between a plate containing the Southeast New England platform
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and the plate containing the New England fold belt, during which the former
was thrust under the latter.

Evidence of recent movement along the Honey Hill fault system was reported by
Block and others (SEP Topic II-4). The evidence consisted of offset drill
holes at highway rock cuts on Route 11 and Route 9, and along other artificial
rock cuts. These features were evaluated by Northeast Utilities Service Company
in response to NRC questions concerning the SEP review of the Connecticut Yankee
site. As a result of that study it was concluded that the offsets were related
to residual stress release caused by excavation of very large masses of myloni-
tic rock (SEP Topic II-4). This is not an uncommon phenomenon in quarries and
other rock excavations in this region.

Geological mapping, LANDSAT imagery, and geophysical surveying during NRC-
sponsored research efforts have identified other faults or postulated faults in
the area around the Honey Hill fault system and the Moodus seismic area. The
intersection of three major, apparently deep seated structures has been mapped
in the area north of Moodus. These structures are the north-northwest striking
Bonemill Brook fault, a large gravity anomaly that is apparently related to
structure that controls the course of the Connecticut River between Long Island
Sound and East Haddam, and the northeast trending Higgannum dike system.
Whether this junction has anything to do with seismicity at Moodus has not been
determined.

A fault east of, but probably part of the Bonemill Brook fault truncates
southernmost splays of the Honey Hill fault system. However, northernmost
splays of the Honey Hill cut the Bonemill Brook fault. The closest approach
of the Honey Hill fault system is about 14 miles (22 kilometers) north of
the site.

The New Shoreham fault was identified by McMaster (SEP Topic II-4) based on
his interpretation of seismic reflection data. The fault strikes northwest

and can be traced from about 42 miles (70 kilometers) out to sea to 6 miles
(10 kilometers) west of Block Island. The mapped fault is about 7 miles
(11 kilometers) southeast of the site at its closest approach.

Extensive investigations were conducted of the New Shoreham fault by the
applicant during site studies for the New England Power Project, Units 1 and
2 and M111 stone-3 Operating License Review. After reviewing the results of
these investigations the staff concluded that the New Shoreham fault was not
capable within the meaning of Appendix A to 10 CFR Part 100. The bases for
that conclusion were: (1) sediment filled ancestral stream channels that crossed
the fault were not offset. These channels were determined to be at least
43,600 years old, and more likely greater than 120,000 years old; (2) sediment
that overlies the southern end of the fault is not offset. These deposits are
estimated to be 20 million years old; and (3) the distribution of historic sels-
micity shows no indication that the New Shoreham fault is a zone of increased
se,ismicity.

NRC-sponsored research in the Narragansett Bay area of eastern Rhode Island
indicates that this area is one of a complex pattern of folding, thrust faulting
and high-angle faulting. The youngest are the high-angle faults, which are
interpreted to have last moved in Late Permian and during the Mesozoic Era.
This area is more than 30 miles (48 kilometers) east of Millstone. However, a
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northeast-southwest trending major fault extends from this area to about

15 miles (24 kilometers) east of the site. Topographic and aeromagnetic
lineaments suggest that this fault continues northeastward, well into the
Narragansett Basin. The fault, called the Watch Hill fault, separates two
domains of slightly different structural trends. It is possible, though not
demonstrated, that the Watch Hill fault could continue southwestward into Long
Island Sound and thus could pass as close as 10 miles (16 kilometers) southeast
of the site. There is no evidence that the fault is any younger than Mesozoic..

The staff concluded that this fault if it exists, is associated with Triassic
tectonic activity (205 mybp), and therefore not capable.

Closer to the site, the Millstone 3 SER (AEC, 1974) describes an unnamed, north- (
south trending inferred fault that is approximately 10 miles (16 kilometers)

,

long as being present 10 1/2 miles (17 kilometers) northeast of the site. A
projection of the inferred fault trace would bring it to about 7 miles

(11 kilometers) east of the site. The staff concluded that this fault, if it
exists, is associated with Triassic tectonic activity (190 mybp), and therefore
not capable.

The staff reviewed the applicant's data, conducted numerous geological recon-
naissances of the site and excavation, and contracted an independent consultant
to review the fault dating techniques used by the applicant. Based on its review
the staff concluded that the site faults were ancient, and therefore not capable
accordir.g to the criteria set forth in Appendix A, 10 CFR Part 100. The staff
concludes that the data that has become available since the original site review
confirms the staff's conclusions made at that time, that there are no geologic
hazards that would affect the safety of the Millstone Unit 1 site.

2.5.5 New Brunswick Earthquake Study (SER Millstone 3 OL Topic 2.5.1.4)

On January 9, 1982, a magnitude 5 3/4 earthquake occurred in south central New
Brunswick, Canada, approximately 775 kilometers (485 miles) north of the
Millstone site. The licensee has submitted reports prepared by Weston Geophy-
sical (1983, 1984) to demonstrate that the Millstone site is situated a tectonic
environment that is dissimilar to that of the epicentral area of the January
1982 earthquakes. These reports also present data to demonstrate a reasonable
correlation of the New Brunswick seismicity to definable tectonic structure, as '

stated in Appendix A to 10 CFR Part 100. The New Burnswick tectonic structure,

j is defined on the basis of surface geology, geophysical data, gravity modeling,
i and seismicity.
|

| The staff's position on these submittals is that the applicant did not provide j

| suf ficient geologic and geophysical evidence to associate the January 1982 New
| Brunswick Earthquake with a specific existing structure. The applicant did not
; adequately demonstrate how the New Brunswick Tectonic Block which they proposed

as the causative structure is uniquely structured to cause localization of seis- |
; micity in the region. However, the staff is of the opinion that there are com-
: pelling reasons to believe that a conjugate set of reverse faults, which are
' defined by the January 1982 seismicity, are the generators of the 1982 earth-
( quake sequence. Furthermore, the conjugate faults may be associated with a
I larger still undefined tectonic structure within the Miramichi Anticlinorium.
| There is no assurance, however, that'similar faults and tectonic structures do
I not exist in other areas of the eastern U.S.

I
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Comparisons of the geologic and geophysical environment and the seismicity
between the Millstone site and New Brunswick epicentral area were made by the
licensee. The staff agrees that lithologic contrasts exist between the Millstone
site area and thc New Brunswick epicentral area. Also, the structural elements
of the two areas are significantly different. The epicentral area is underlain
by a Devonian granitic body, the North Pole pluton (Fyffe,1982), which intrudes
metamorphosed Cambro-Ordovician sedimentary, volcanic, and plutonic rocks of the
Tetagouche Group. The Millstone site is underlain by early Paleozoic metamorphic
rocks, the Monson gneiss, which as been intruded by Westerly granite of Pennsyl-
vanian or Permian age.

Like most of the New England portion of the New England-Piedmont Tectonic
Province, the New Brunswick region is characterized by northeasterly trending
anticlinoria and synclinoria that were formed as a result of extensive deforma-
tion, primarily during the Acadian orogeny. The Bronson Hill anticlinorium and
Merrimack synclinorium, which are southwesterly extensions of the regional
structures that characterize New Brunswick, are truncated by the Honey Hill-
Lake Char fault zone at approximately 24 kilometers (15 miles) north of the
Millstone site. This fault zone is a low angle thrust fault boundary between
the Avalonian rocks to the south and the units of the Merrimack sequence.
Extensive Alleghenian deformation characterizes the Millstone site. Little
Mesozoic deformation is evident in the New Brunswick epicentral region. How-
ever, considerable Mesozoic tectonics, such as the Connecticut Valley Triassic
Basin containing thick Mesozoic clastic sediments and diabase intrusives, are
present in the Millstone site region.

In conclusion there is no evidence of capable faulting in the Millstone site
Petrographic and radiometric studies indicate that the latest movementarea.

on the faults in the site region occured during the Triassic-Jurassic rifting
of the continent, approximately 142 mybp. Based on available geological and
geophysical information, there is no evidence of capable faulting in the
Millstone site region, and there no known tectonic structures that could be
characterized as possible localizers of seismicity in the site vicinity.

2.5.6 Surface Faulting (SER Millstone 3 OL Topic 2.5.3)

Although none of the published geologic maps show faults in the vicinity of the
plant site, sixty-two faults were found during the mapping of the rock excava-
tion for Millstone Linit 3. Forty of the faults have apparent displacements of
less than 1 foot, with the remaining faults having apparent displacements
greater than 1 foot. Most of the faults trend northerly and dip at high angles
either to the east of to the west. Eleven separate fault zones (T-1, T-2, T-3,
18, 471-1541, 1599, 1940, 2250, 2282-2295, 2339-2347, and 2380) were identified.
The faults are evaluated and discussed in several reports (NNECO 1975, 1976,
1977, and 1982).

The licensee performed K/Ar age dating, petrographic analysis, x ray diffrac-
tion studies, soils mapping, and detailed mapping of the fault zones, which
indicated that the faults at Millstone are noncapable features. The petrogra-
phic analysis shows that the cataclasite in the faults has been silicified and
hydrothermally altered, and that the fractures and cracks have been filled with
chlorite. Prismatic quartz crystals, drusy quartz and the silicified cataclasite
found in the fault zones would be fractured and/or granulated if any additional
movement had occurred. The radiometric age dates on the fault gouge indicate
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that the last activity along the faults occurred approximately 142 mybp. The

petrographic and radiometric studies are reinforced by the published geologic
history of the region.

The excavations for Millstone Unit I were not geologically mapped. It is likely ,

that the larger throughgoing faults mapped at Unit 3 continue into the Unit 1
'

It is also likely that numerous minor faults similar to those mappedarea.
with limited extent within the Unit 3 excavation are present beneath Unit 1.
Based on the study of the regional geology and the detailed work at Unit 3, the
staff concludes that the faults beneath Unit 1 are also not capable.

Considering all the geologic data presented, the licensee concluded, and the
staff concurs, that the faults at the Millstone site are not capable. The last

activity along them occurred approzimately 142 mybp. This indicated that the
faulting ac the site is related to the Triassic-Jurassic rifting or older events
as in the case of fault 1940. There is no evidence of capable faults within
the 5-mile radius of the site.

2.5.7 Vibratory Ground Motion

The Millstone Unit 1 seismic design adequacy was reevaluated by NRC through the
Systematic Evaluation Program (SEP). A major portion of this endeavor consisted
of a study by Lawrence Livermore National Laboratory (LLNL) under contract to
NRC, (NUREG/CR-1582) in which probabilistic seismic design spectra were developed
for several nuclear plants in the Eastern U.S. (EUS) as well as deterministic
spectra, specific to each plant involved in the SEP. In its review of the SEP
(NUREG-0967) the staff (NRC) concluded that the calculated "1000 year" uniform
hazard response spectrum for Millstone Unit I represents an adequate level of
free field ground motion for the use in the reevaluation of the Millstone Unit 1
seismic design. This conclusion was based on several considerations (see

, NUREG-0967), two of which deserve mention because of arguments presented in!

i this SER: (a) the Millstone Unit 1 SEP spectrum was compared to (deterministic)
site specific spectra of a nearby magnitude 5.3 (m ) earthquake (obtained fromb

! strong ground motion records) to assure that the SEP spectrum did not fall below
the 50th percentile deterministic site specific spectrum; and (b) additional
considerations indicate that the return period associated with the SEP "1000!

year" spectrem should be more appropriately considered to be of the order of
1,000 to 10,000 years.

! Since the completion of the SEP several related studies have been carried out
which allow the staff to test the validity of some of the conclusions reached

|
during the SEP review process:

,

'

The licensee undertook a study to define the probability of exceeding
the specified Safe Shutdown Earthquake (SSE) spectrum at the Millstone
Nuclear Plant Site, (Millstone Unit 3, Probabilistic Safety Study

j

(PSS). A comparison of the peak ground acceleration (PGA) 200, 1000
| and 4000 year return periods reported in the SEP (NUREG/CR-1582) tot

those derived from the PSS study reveal significant differences, e.g., !

the 50th percentile hazard curve reported in the PSS translates into
'

return periods for similar PGA's which are more than one order of |,

'
'

magnitude larger, which on face-value would indicate that the SEP
1000 year spectrum may, as previously suggested, be associated with a
larger return period.
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As a follow-up and also a broadening of the characterization of seismic
hazard in the EUS, LLNL, under contract to NRc, undertook a comprehen-
sive study generally known as the Seismic Hazard Characterization
Program (SHCP), (NUREG/CR-3756 and UCID 20421). Among other results
the SHCP developed uniform hazard spectra for the Millstone Nuclear
Plant site and compared these to spectra developed in earlier studies
such as those mentioned above. A comparison of the 1000 year constant
percentage uniform hazard spectra (CPUHS) to the SEP spectrum (UCID
20421, Volume 1, Figure 6.4.5) shows that the SEP spectrum approaches
the 84th percentile CPUHS at frequencies less than 2 Hertz (Hz), while
for frequencies in excess of 10 Hz the SEP spectrum is close to the
50th percentile CPUHS 1000 year spectrum. Af ter making similar com-
parisons with the CPUHS 10,000 year spectra the staff concluded that,
while return periods associated with different spectrual values vary
with frequency, the SEP spectrum falls between the 1000 year and the
10,000 year CPUHS 50th percentile spectra.

Comparisons indicate that significant differences exist between the
results of the PSS and the SHCP. This question was addressed in the
SHCP study. The conclusions reached were that much of the discrepan-
cies could be attributed to differences in assumptions. For instance,
if the ground motion models are restricted to comparable ones, the
truncations of the peak ground acceleration is matched, and the lower
limit of integration with respect to magnitude is made equal (m = 4.5),
theresultsaremuchmoreinagreementeventhoughtheuncertaiNty
bounds for the CPHCs are still wider than the PSS uncertainty bounds.

As discussed in Section 2.5.5, an earthquake of magnitude 5.7 (mbig) occurred
in the New Brunswick, Canada area in 1982. In past licensing considerations
the staff has maintained that this area is part of the New England Piedmont
tectonic province. However, the staff conceded also that significant (tectonic)
differences do exist between portions of this large tectonic province (Millstone
Unit 3 SER, NUREG-1031). The licensee submitted seismicity and earthquake recur-
rence comparisons between the Millstone site region and the central New Brunswick
region during OL review process of Millstone Unit 3. The staff concurred with
the licer.see that there was no need to change the existing design basis which is
predicated upon a SSE of magnitude 5.25 (mb). Not withstanding this conclrsion
the staff reevaluated the SEP spectrum for Millstone in the light of data derived
from earthquakes with magnitudes similar to the New Brunswick earthquake. Con-
clusions reached are as follows:

(a) The probabilistic spectra derived in the SHCP take into account earthquakes
of all sizes including those of the 1982 New Brunswick earthquake. There-
fore the SEP Millstone Unit 1 spectrum is adequate in this respect along
arguments presented above.

(b) The Millstone Unit 1 SEP spectrum is either equal to or exceeds the 50th
percentile of the deterministic spectrum of a magnitude 5.8 (mb) earthquake
(NUREG/CR-1582 Volume 1, Figure 4-8).

In the light of the studies discussed above, the staff found nothing to question
the adequacy and conservatism of the recommended SEP spectra, and still considers
them appropriate for use at Millstone Unit 1.
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2.5.8 Stability of Slopes (SEP Topic II-4.0)

The existing ground surface at the site is about 14.5 ft above mean sea level |

(El +14.5) and slopes gently to a few feet above sea level on the west, south
and north borders of the site. The distance from the plant structures to the

Sound is only a few hundred feet. The site is relatively flat and there are no

significant slopes, except at the water's edge near the intake structure on the
west side of the peninsula and near the discharge structure on the east side of
the peninsula.

,

2

The intake structure is supported on a foundation which has been excavated into
rock that is exposed on each side of the structure. An examination of this
rock indicated that there is no likelihood of a slope failure in this rock.

The cooling water discharge structure is founded in rock at the west end of an
abandoned quarry about 400 ft wide and 1000 ft long that is reportedly deeper<

than 100 ft below sea level. Cooling water from Millstone Unit 2 and Millstone'

Unit 3 also discharges into the quarry. Water from the quarry is conducted to
; Long Island Sound by a channel cut into bedrock at the east end of the quarry,
; about 1000 ft southeast of the Millstone Unit 1 discharge structure. The

channel is not safety related.
,

,
Based on on-site observations and a review of the licensee's submittals listed
under SEP Topic II-4.D, it is the staff's judgement that there is only a nominal4

depth of soil covering the bedrock in the vicinity of the discharge structure
and any sloughing of this soil could not adversely affect the discharge of water
from the plant. The bases for this conclusion are as follows:

!

(1) During the site visit the staff observed rock being excavated from the
excavation for Millstone Unit 3 water discharge line excavation, and rock
was exposed along the edges of the quarry and around the Millstone Unit 1
and 2 discharge structures.

(2) The boring logs in the plant area showed that the rock surface slopes
,

upward from about El -25 in the plant area to existing ground surface'

(about El +10) near the Millstone Unit I discharge structure, a distance
of about 150 ft from the plant area.

Based on the visual inspection of the site conducted by the NRC staff on,
May 11-14, 1982, and a review of the referenced documents (Refer to SEP Topic
11-40), the staff concurs in the licensee's conclusion that there are no

| natural or man-made slopes at the site that could be or become unstable such
as to affect safety-related structures, systems or components.'

I

2.5.9 Settlement of Foundations and Buried Equipment (SEP Topic II-4.F)

10 CFR 50 (GDC 2 and 44) and 10 CFR 100 Appendix A as implemented by Regula-i

|
tory Guide 1.132 and SRP Section 2.5.4, requires that foundations and buried

| equipment important to safety be adequately designed to perform their intended
functions.

o Turbine Building
In IPSAR Section 4.2.1 (App A-Ref. 5), the staff requested that the licensee
demonstrate the adequacy of the pile foundation of the turbine building to
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resist lateral and uplift loads developed during a safe shutdown earthquake
(SSE) in light of only a 4 inch pile embedment into the pile cap. Addi-
tionally, the staff requested that potential corrosion of the pile be
investigated considering the proximity of the sea water to the steel piles.
The licensee addressed this issue by letter dated March 16, 1984.

The staff review of this submittal, and additional information from the
licensee, is in progress.

Gas Turbine Generator Buildingo

! IPSAR Section 4.2.2 identified the same concerns related to the pile founda-
tion of the turbine building as being applicable to the gas turbine gen-
erator building. Additionally, so;ne of the piles under the gas turbine
building are friction piles and, therefore, it should be demonstrated that
they will perform adequately during a dynamic loading considering the
possible loss of strength of the saturated granular soils surrounding
these piles during an SSE. The licensee addressed this matter by letter
dated March 16, 1984.

The staff review of this submittal, and further information from the
licensee is in progress.

o Buried Pipelines

In IPSAR Section 4.2.3, the staff identified an area where safety-related
buried pipelines may be supported by peat, a highly compressible material,
and subjected to unacceptably large settlements. The licensee supplied a
summary of the results obtained from recent borings in their submittal
dated March 16, 1984.

I;, The staff is reviewing the material and awaiting further information from
* the licensee.

;

2.5.10 Probabilistic Estimates of Ground Motion at Millstone

Three different estimates of probabilistic seismic hazard are available for the
Millstone site. The first is that which is available from the NRC's Systematic4

Evaluation Program (SEP), the second is a study completed by a consultant to
the licensee as part of the licensee's Probabilistic Safety Study (PSS),* and
the third is the ongoing joint Office of Nuclear Regulatory Research and Office
of Nuclear Reactor Regulation Seismic Hazard Characterization Program (SHCP).

In studying earthquake hazards, there is concern about the probability that an
earthquake or its associated ground motion will occur at a site during a speci-
fled period of time. The exceedance probability is the probability over some
period of time that an earthquake will generate a level of ground shaking
greater than some specified level. The return period is the reciprocal of the
annual probability of exceedance on the average over long periods of time
between events causing ground shaking exceeding a particular level at a site.

*MP-3 PSS dated 8/83; MP-1 PSS dated 7/10/85.
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,

An important part of completing a seismic hazard analysis involves the selec- |tion of an approach to incorporate the uncertainty of all irput parameters into i
'

the analysis. Difficulty in accounting for this uncertainty is one of the
reasons the staff has used probability studies in a limited sen:;e. All the
studies which have specific results for Millstone allow for the incorporation
of uncertainties and alternative hypotheses on many of the hazard input param-
eters. These include seismic source zonation, earthquake occurrence rates and
the upper magnitude cutof f, and ground motion attenuation eleations and their
associated uncertainty. Results for the SEP are not discussed here as they

j have been updated as part of the seismic hazards characterization program
; (SHCP).

The licensee has concluded that the return period (50th percent 1?e) for a peak
: acceleration of 0.17 g at the Millstone site is about 12,000 years. Results

included in the SHCP interim report (NUREG/CR-3756) are more conservative than
' this by about one order of magnitude. This large difference reflects input

assumption differences, particularly with respect to ground motion attenuation.
At this time the staff does not necessarily believe that one is wrong and the
other is right. This difference also points out that specific reliance upon
the absolute numbers is not warranted.

Both studies however provide valuable insights regarding the impact of ground
i motion above the 0.17 g response spectra. Although large absolute differences

exist, both studies show that the actual seismic hazard would decrease by only
a factor of about 3 if ground motion were 40 to 50% higher than the 0.17 g
response spectra. The staff judges that the factor of 3 reduction in hazard is
likely to be an upper bound because the 40 to 50% exceedance is likely an upper
bound. The implication of this, is that a change in the acceleration of 40 to
50% implies a small relative risk difference. The PSS provides insights re-
garding the contribution of various acceleration ranges to the total probability

i of core melt. Results of both the licensee's and the staff's preliminary review
indicate that the contribution to core melt from the seismic hazard for peak
accelerations less than about 0.30 g are small. This would tend to support the
conclusion that differences of 40 to 50% in ground motion at accelerations less
than or equal to about 0.17 g to 0.25 g are not significant when viewed from

,

i the perspective of risk.

I

; In conclusion, the staff finds the existing design basis adequate with respect

j to the impact of the New Brunswick earthquake on the Millstone site. This con-
' clusion is supported by the earthquake-recurrence statistics and the valuable

insights gained as part of probabilistic seismic hazard studies. Additionally,,

i on the basis of available geological and geophysical information, there is no
I evidence of capable faulting in the Millstone site area, and there are no known )

tectonic structures that could be characterized as possible localizers of seis-i

micity in the site vicinity. I,

|
1

!
;

i

|

|
l

l
|
!
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Source: ER-OL Figure 2.1-3, Amendment 5, Jan. 1984
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; 3 DESIGN CRITERIA - STRUCTURES, SYSTEMS AND COMPONENTS

: 3.1 General

; The staff review of structures, components, equipment systems relies on in- '

dustry codes and standards that have been used as the accepted industry prac-
tice. These codes and standards have been previously reviewed by the staff,

,

found acceptable, and incorporated into the standard review plan (NUREG-0800).
3.2 Classification of Structures, Systems and Components (SEP Topic III-1)

'

i As implemented by Regulatory Guide 1.26, GDC 1 requires that structures, sys-
tems and components important to safety be designed, fabricated, erected, and,

i
tested to quality standards commensurate with the importance of the safetyj functions to be performed.

! In Section 4.3 of the IPSAR, the staff concluded that insufficient information
existed to complete the topic review and requested that the licensee supplyi

additional information and analyses in the following topic review areas:

(1) radiography,

; (2) -fracture toughness
j (3) valves

(4) pumps
(5) storage tanks

i

;
The staff's position remains as stated in the IPSAR, namely, the licensee should
complete the evaluations and incorporate the results in the Final Safety Analy-

'

] sis Report update. If the results indicate that modifications are required,those actions should be reported to the staff.
1 3. 3 Wind and Tornado Loadings (SEP Topic III _2) ,

; '

: 10 CFR 50 (GDC 2), as implemented by SRP Sections 3.3.1 and 3.3.2 and Regulatory
. Guides 1.76 and 1.117, requires that the plant be designed to withstand the!

effects of natural phenomena such as wind and tornados.

] IPSAR Sections 4.4.1 through 4.4.6 identified some structures and components
; important to safety that do not meet current licensing criteria which require~

adequacy to resist tornado winds of 300 mph and differential pressure of
2.25 psi. The following were identified in the IPSAR:

,

(1) reactor building steel structure above the operating floor
(2) ventilation stack
(3) effects of failure of non qualified structures
(4) components not enclosed in qualified structures

i (5) roofs
i (6) load combinations
!
1

|

!
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The licensee responded to each of the above issues in submittals dated
December 3, 1982, October 7, 1983, February 2, 1984, and March 16, 1984. !

Related to the tornado wind issue is the issue of tornado missiles. IPSAR Sec-
tion 4.7 identified structures and components considered vulnerable to tornado
missiles. The staff's position was that the licensee must provide protection
for sufficient systems and components to ensure the ability to safely shutdown
(i.e., hot shutdown). The licensee addressed the issue of tornado missiles in
their submittal dated December 2, 1983.

!To address both the tornado wind issues and tornado missile issues, the licensee
relied on attaining safe shutdown by means of the isolation condenser in conjun-
ction with the existing capacity of structures which, although not meeting the
criteria specified above, corresponds to a windspeed with a low probability of
being exceeded. Attaining hot safe shutdown via the tornado protected isola-
tion condenser is described in the licensee's submittal dated December 2, 1983.
To provide a missile protected source of make-up to the isolation condenser,
the licensee proposed to tie into the city water system and to store an engine
driven pump in a tornado proof structure (NRC Ltr dated October 7, 1985) to pump '

water from the city water system to the isolation condenser and to provide a
source of reactor vessel water if required.

The staff concluded that the method of attaining safe shutdown described by the
licensee in conjunction with the existing capacities of structures at Millstone 1
provides an acceptable basis for concluding that Millstone 1 is adequately pro-
tected against tornado effects. As a confirmatory item, the staff required
that the licensee assure that the anchor bolts of the condensate storage tank
(CST) and firewater tanks provide substantial resistance against failure. The

staff was concerned about these items because the CST and firewater tanks also
supply make-up to the isolation condenser; if these tanks can withstand the
wind loading, sole reliance need not be placed on the city water system. The

issue of load combinations is discussed in Section 3.8.

3.4 Water Level (Flood) Design (SEP Topics II 3.8/C)

As implemented by Standard Review Plan Section 2.4.5 (NUREG-0800) and Regulatory ;

Guide (RG) 1.59, General Design Criteria (GDC) 2 in 10 CFR 50, requires that ;

structures, systems and components i nportant to safety shall be designed to
withstand the effects of natural phenomena such as floods. The staff concluded
that the probable maximum hurricane (PMH) flood level, including wave effects,
is 22.3 ft msl (18.11 ft ms1 stillwater level plus wave action). Safety-related
structures at Millstone 1 are protected by concrete floodwalls to elevation
19.0 ft msl. As a result of this higher water level including wave effects, it
was identified that there would be intermittant inleakage and that the flood-
walls have not been analyzed for these additional forces (Section 4.1 Ref. 5).
The licensee submitted information addressing these issues by letters dated
February 2,1984 and March 16, 1984. The licensee relied on the isolation con-
denser, which is flood protected, to attain safe shutdown. To supply make-up
to the isolation condenser, the licensee has relied on firewater pumps located
in the fire pumphouse. The licensee has proposed to perform modifications to
the flood doors of this structure to assure that it is flood protected.

The staff concludes that the proposed method of attaining safe shutdown is
viable. A more thorough description of this safe shutdown method is given in

;
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the licensee's submittal dated December 2, 1983. The staff, however, requires
that the licensee assure that adequate flood protected diesel fuel exists for
the diesel driven fire pump and that the masonry blockwalls of the fire pump-
house are adequate to resist the forces induced by the flood water, including
wave effects.

IPSAR Section 4.1.6 noted staff concerns regarding the adequacy of the flood
emergency procedures at Millstone 1. By letters dated January 31, 1983 and
June 2, 1983 the licensee addressed these concerns including a discussion of
required actions and the time required to perform them. As a result of this
review, the licensee agreed to lower the water level at which the emergency
procedures is initiated to allow sufficient time to complete flood protection
actions. As noted in Inspection Report 84-27, the procedure is initiated at
+8 foot instead of +14 foot above sea level.

Section 4.1.7 of the IPSAR concluded that some roofs with parapets may be over-
stressed as a result of a local PMP. As a result the licensee will install
scuppers on the roofs of the turbine building, reactor building, warehouse and
heating / ventilation areas in order to assure that the loads on these roofs
remain below the design roof live loads. This course of action is described in
the licensee's submittal dated February 2, 1984. The staff concluded that
these proposed modifications are acceptable.

The effects of high water level on structures are addressed in Section 4.5 of

NUREG-0824 (Ref. 5). The staff required that the licensee demonstrate that
plant structures are capable of withstanding hydrostatic and uplift forces in
combination with other loads. By letter dated February 2,1984, the licensee
supplied the results of their analyses. Staff review is continuing. Inservice
Inspections of water control structures is discussed in Section 4.6 of
NUREG-0824.

3.5 Missile Protection

3.5.1 Effects of Pipe Break on Structures, Systems and Components Inside
Containment (SEP Topic III-5.A)

10 CFR 50 (GDC 4), as interpreted by SRP Section 3.6.2, requires, in part, that
structures, systems and components important to safety be appropriately pro-
tected against dynamic effects such as pipe whip and discharging fluids.

In IPSAR Section 4.9, the staff identified three areas requiring further eval-
uation. The three areas are related to: 1) cascading pipe breaks, 2) jet
impingement, and 3) pipe whip. The licensee responded by letter dated April 15,
1983 and the staff issued its SER on June 29, 1983.

Cascading Pipe Breaks.

In IPSAR Section 4.9.1, the staff was unable to conclude that cascading pipe
breaks would not produce conditions more severe than those analyzed by the
limiting design basis loss-of-coolant accident (LOCA). The staff also required
that any leakage detection systems deemed necessary should be reviewed in con-
junction with SEP Topic V-5, " Reactor Coolant Pressure Boundary Leakage Detec-
tion." The licensee concluded that the emergency core cooling systems are
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|

t

| physically isolated from each other in such a way that any cascading breaks
j that impact on one train could not affect the redundant train. Also, leaks in

i one recirculation loop cannot impact the other loop and cascading breaks that
j -impact on one recirculation loop cannot impact the other loop. Therefore, suf-

t ficient shutdown methods exist to mitigate the consequences of cascading breaks.
j The licensee also concluded and the staff agreed that the ECCS core cooling
| analysis is not changed significantly due to cascading breaks and that the
j potential for cascading breaks doe not compromise the design basis accident

analysis. The staff concluded that the licensee response is acceptable.'

i
Jet Impingement.+

i IPSAR Section 4.9.2 identified four areas of the licensee's jet impingement
analysis which required further justification

'

; (1) The jet impingement model used by the licensee was based on a jet expansion .

j caused by longitudinal breaks; current criteria require the consideration !

j of both circumferential and longitudinal breaks. !

(2) In the case of circumferential breaks, jets in conjunction witn pipe whip
; have not been considered to sweep the arc traveled by the whip.

(3) The assumption used by the licensee appears to refer only to steam jets
j rather than all high-energy lines. -

) i

! (4) From the information presented, it is uncertain whether the jet impinge- (
! ment effect on the impinged target pipe system conform with the staff i

'
! position outlined in the letter transmitted to licensee on January 4

i 1980.

The licensee responded that: |

| (1) NNECO's high energy pipe break' analyses considered jet impingement due
j' to both longitudinal and circumferential breaks. !

;

j (2) Jets resulting from circumferential breaks were assumed to sweep the arc !
'

| traveled by the whipping pipe.
1

I (3) Jet impingement effects were considered for all high energy line breaks.
|

(4) Although it is the licensee's position that the consideration of jet impinge-
ment regardless of pipe size is not a valid concern, an evalut, tion of the4 ,.

I effects of jet impingement on piping targets was performed. Due primarily
' to the physical separation of the ECCS trains, it was determined that no ;

jet impingement could result in the lot.s of both trains of redundant safety i

systems. Therefore, the licensee concluded that the plant could achieve a ,

safe shutdown when considering the effects of jet impingement on piping. (
i '

i Based on the information provided by the licensee, the staff concluded that !

this issue has been satisfactorily resolved. !
'

! !
:
!
!

'

i

!

:
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Pipe Whip

In IPSAR Section 4.9.3, the staff required the licensee to evaluate the poten-;

j tial for and the consequences of pipes whipping into the drywell liner. The
licensee's prior conclusion that high energy line breaks would not penetrate i,

j the drywell liner and taus violate containment integrity was based on a test of
;

j loads being applied to a spherical shell. The staff requested further justifi-
|cation that the test conditions were appilcable to the pipe break scenarios at:

[l Millstone 1. In the test, the load was applied over a 14" diameter area and
the shell deformed until it made contact with the concrete backing (3" gap).

.-
'

The staff was concerned that in the case of the application of a concentrated
, dynamic load over a small area, the steel plate may be perforated before the
i deformation could be backed up by the concrete shielding wall. Also, the test
i shell thickness was 3/4" and parts of the Millstone 1 liner were only 5/8".
I The licensee responded that it is not possible for the broken end of a pipe to
I impinge directly on the liner since the broken end is never the leading surface
; of the pipe. The thickness of the drywell liner plate varies f rom 11/16" to '

; 1-7/16" and the gap between the liner and the concrete is only 2". Where the
; liner is less than 3/4", interactions between large bore piping and the liner
; plate occur at oblique angles such that only a fraction of the pipe whip energy
{ is transmitted to the plate.
i
4

Based on review of this response and the analysis submitted previously, the
<

i staff concluded that the licensee has demonstrated that postulated high energy [
j line breaks inside containment will not penetrate the drywell liner and thus |'

this issue is closed. |

| 3.5.2 Pipe Break Outside Containment (SEP Topic !!I-5.8)
!

!
10 CFR 50 (GOC 4) as implemented by SRP Sections 3.6.1 and 3.6.2 and Branch

|,

Technical Positions ME8 3-1 and ASB 3-1, requires in part, that structures.
|

4

j systems and components important to safety be designed to accommodate the
|dynamic effects of postulated pipe ruptures.

| The only open issue regarding this topic is IPSAR Section 4.10.2 on jet impinge- !
ment where the jet impingement model used by the licensee was less conservative,

i than that specified in current NRC criteria. In that section, the staff required |the licensee to: 1) validate the Millstone 1 jet impingement evaluation methods, |
2) demonstrate that the differences between the criteria used and those in SRP

;Sections 3.6.2 are not significant from the standpoint of consequences on sys- f

1 tems, or 3) perform augmented ISI to demonstrate that unstable pipe failure is
) unlikely and implement local leakage detection.

1

The licensee responded by letter dated March 24, 1983, and the staff issued its
SER on June 29, 1983. The licensee later reported (December 4, 1984) that the
difference in cross-sectional area does not significantly alter the results |

,

} since conservatisms in the analysis (jet propagation losses, consequence evalua- !
I tion) more than compensate for any non-conservatism in the jet expansion model. l
; Typically, jet irpingement loads were determined for interactions with struc-

|
i tures. In these cases, either the load resulted in failure (so remedial meas-
) ures were required) or there was substantial margin. Thus, based on review of
! this submittal, the staff considers this issue resolved, t

,

!

!

! {
> ;
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J

3.5.3 Turbine Missiles (SEP Topic III-4.8)

| 10 CFR 50 (GDC 4), as implemented by Regulatory Guide 1.115 and SRP Sec-
tions 3.5.1.3 requires that structures, systems and components important to

4

safety be appropriately protected from dynamic effects including missiles.

In the interim until a turbine inspection frequency is established generically |
,

! for GE turbines, based on GE's generic probability analysis, the IPSAR concluded
that the low pressure turbine discs and normally inaccessible parts which have

_

not been inspected in the last three years should be inspected at the next'

j refueling outage. Based on the results of this inspection, the licensee was i

requested to propose a schedule for future inspections. The staff also required ;

) that the main steam stop and control valves and reheat stop and intercept valves l

be disassembled and inspected at approximately 3 year intervals and be exercised :
'

) at least Weekly by full closure of the valves. By letter dated September 29,
1982, the licensee informed the starf that inspections and tests of the main i

;

steam stop, reheat-stop, and intercept valves are performed in accordance with [
,

j the staff's position except that they are not tested by fully closing the valves. (

i The staff required that the licensee evaluate the potential improvement in con- '

j trol valve availability associated with weekly full closure testing and the
feasibility of conducting such tests.,

l !

j The licensee responded by letters dated June 22, 1983 and December 5, 1984. I

i In the June 22, 1983 letter, the licensee concluded that no changes are war- !
i

; ranted to the current testing program for the following reasons:

.

At rated power and steam flow, the malq steam control valve position is-
,

1 approximately 70% of full open. Due to the design and flow characteristics '

of these valves, this valve position does not mean that 30% of flow capa-
city remains. Close to rated steam flow, very small changes in steam flow ,

result in large changes in valve position. A major reduction in reactor;

: power would be required to insure that contril valve capacity is not '

i reached, which could result in a reactor pressure transient and subsequent ,

! neutron hi-hi flux scram, i

The above condition could be avoided by opening the turbine bypass valvesj -

during the test period. This alternative is not desirable, however, due<

I to the high potential for main condenser tube failure. Past operating
|

i experience has demonstrated that bypassing steam to the main condenser at
! high flow rates can cause degradation and subsequent tube leaks, which may
|

result in chloride contamination and high conductivity in the main condenser.

| The response time of the pressure regulating system and the control valves-

has not been adequately demonstrated. Additional testing would be required
,

i to determine whether the pressure regulating system will allow opening of
l the remaining control valves before a reactor pressure increase and pos-

sible reactor scram could occur,

Closure of one main steam control valve can result in an Imbalance inj -

j inlet steam to the high pressure turbine. The effect of this evolution on
turbine reliability is not known, however the licensee has requested an

: evaluation of this from the turbine vendor.
1

|
|
i
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i

j The main steam control valves serve to control reactor pressure and thus- '

; modulate constantly in response to changes in steam flow. Therefore, any
malfunction in the main steam control valves would be noticed by the oper- |

1

} ators and corrective action would be taken. The fact that these valves
j are continually changing position provides additional assurance that they !

} will close properly on demand to isolate the steam supply from the turbine. '

The main steam stop valves and reheat stop and intercept valves are cycled-

to the fully closed position once per week, thus assuring their reliability.,

'

Closure of these valves alone would be sufficient to isolate the turbine f

| and prevent a severe overspeed condition. I
i !

) Although reaching these conclusions, the licensee requested additional informa-
) tion from the turbine vendor. The staff is awaiting this information.
1

! In the December 5, 1984 Ir.tter, the licensee stated that the "A" low pressure
I turbine had been ultrasonically inspected in 1982 and that the "B" low pressure

'
,

j and high pressure turbines were similarly inspected in 1980. during the 1984
refueling outage, the high pressure turbine was inspected using magnetic par- i

*

ticle. Based on the results of these inspections, General Electric has recom-
mended that the "B" low pressure turbine be inspected during the 1985-1986
refueling outage and that the "A" low pressure turbine be inspected during the
1987 refueling outage. The high pressure turbine will be inspected during the;

! 1989 refueling outage. This schedule provides for inspection cf all three tur-
:

) bines over the next three refueling outages. The staff will complete its eval- '

; uation of this issue for Millstone I when the licensee submits the additional
i information being developed by the turbine manufacturer (GE), as described

,

i previously. In a related effort, the staff is continuing its review of the |
I generic methods being developed by GE to establish turbine surveillance and ,

t

i maintenance schedules. When these generic efforts are t.omplete, the results t
} will be appropriately applied to all operating plants with GE turbines, in-

|| ciuding Hillstone 1. In the interim, the staff concludes that the proposed
i inspection schedules are acceptable; however, the licensee should continue to j

,

j monitor developments from the generic program and modify the inspection sched-
|ules, as necessary.

; 3.5.4 Tornado Missiles (SEP Topic !!!-4.A) i

t

10 CFR (CDC 2), as implemented by Regulatory Guide 1.117, prescribes structures,:

j~ systems, and components that should be designed to withstand the effects of a i

tornado, including tornado missfies, without loss of capability to perform
their safety functions. Regulatory Guide 1.117 requires that structures, sys-,

! tems, and components that should be protected from the offects of a design-
i basis tornado are (1) those necessary to ensure the integrity of the reactor !

! coolant pressure boundary, (2) those necessary to ensure the capability to shut
| down the reactor and maintain it in a safe shutdown condition (including both
; hot standby and cold shutdown), and (3) those whose failure could lead to radio-
i active releases resulting in calculated offsite exposures greater than 25% of
l the guideline exposures of 10 CFR 100 using appropriately conservative analyti- ,

cal methods and assumptions. The physical separation of redundant or alternate
structures or components required for the safe shutdown of the plant is r.ot

: considered acceptable by itself for providing protection against the effects
'

of tornadoes, including tornado generated missiles, because of the large number
,
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and random directions of potential missiles that could result from a tornado as
well as the need to consider the single-failure criterion.

The following structures and co ponents were identified (Ref. 5) as vulnerable
to tornado missiles:

(1) service water ard emergency service water pumps
(2) emergency switchgear
(3) emergency batteries and battery chargers
(4) emergency diesel generator and fuel oil day tank
(5) gas turbine
(6) safe shutdown cables (turbine building, yard cable trenches, intake

structure, and gas turbine building)
(7) condensate storage tank
(8) control room heating, ventilation, and air conditioning
(9) space coolers

(a) turbine building ventilation servicing switchgear rooms, energency
diesel generator, and battery room

(b) intake structure ventilation system.
(10) turbine building secondary closed cooling water system

Ouring the topic review, the condensate and condensate booster pumps and their
space coolers and the resctor feedwater pump M2-10C were identified as poten-
tially vulnerable to tornado missiles, based on a review of drawings. The con-
densate and condensate booster pumps were identified as vulnerable because only
masonry block walls existed between the pumps and the outside. During the site
visit, however, it was noted that two masonry walls are separated by a large
distance and that intervening equipment exists between the p imps and the ex-
terior. The staf f judged that this provided adequate protect. ion.

Feedwater pump M2-10C was vulnerable because it is protected by a masonry block
wall to the east. Masonry block is not considered adequate protection. During
the site visit, however, it was noted that only a portion of the wall is made
of masonry block; the rest is concrete. Feed pump M2-10C is located near the
concrete wall and is adequately protected. Further, feedwater pump M2-100 is
not safety related because it is not part of the emergency feedwater coolant
injection system (FWCI).

The licensee believes that sufficient power and water source redundancy exist
to ensure the capability to safely shut down the plant. This is described in
the licensee's letter dated June 29, 1982. In that letter, the licensee de-
scribed various shutdown methods if vulnerable components described in the SER
(forwarded by letter dated May 25, 1982) are unavailable; however, the licensee
had not described any method of shutdown using only systems and components pro- t

tected from tornado missiles. The licensee's methods relied on redundancy of I

unprotected equipment. Experience with tornadoes indicates that debris, multi-
pie missiles, and damage to exposed equipment is likely. This is also embodied
in the NRC's regulations, 10 CFr1 50, Appendix A, GOC 4. Because the reactor
coolant pressure boundary is adequately protected, it is not recommended that
all safety-related systems (i.e. , accident-mitigating systems) be protected
from tornado missiles. However, it is the staff's position that the licensee
must provide protection for sufficient systems and components to ensure the

; ability to safely shut down (i.e., hot shutdown) in the event of damage from
j tornado missiles.
|
!
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By letter dated September 22, 1982,
position; however, by letter dated Decemberthe licensee disagreed with the staff's27, 1982, the licensee proposed to
(1) evaluate alternatives, (2) inform the staff of the results by April 1983,
and (3) provide a shutdown method that is protected from the effects of tornado
missiles by the end of the 1984 refueling outage. By letter dated February 7,
1985, the licensee proposed to include this issue as part of the MP-1 IntegratedSafety Assessment Program.

| 3.5.5 Site Proximity Missiles Including Aircraft (SEP Topic III-4.0)

The safety objective of this topic is to ensure that the integrity of thei

! safety related structures, systems and components would not be jeopardized due
to the potential for a site proximity missile.

General Design Criterion 4, " Environmental and Missile Design Basis," of
Appendix A, " General Design Criteria for Nuclear Power Plants," to 10 CFR ,

Part 50, " Licensing of Production and Utilization Facilities," requires that
!

nuclear power plant structures, systems and components important to safety be
appropriately protected against events and conditions that may occur outsidethe nuclear power plant.

'

The review was conducted in accordance with the guidance given in Standard !

Review Plan (SRP) Section 2.2.3, " Evaluation of Potential Accidents," 3.5.1.5,
" Site Proximity Missiles (except Aircraf t)," and 3.5.1.6, "Aircraf t Hazards."

An evaluation of nearby industrial, transportation, and military facilities is
well documented in Section 2.2 of the Millstone Unit 3 FSAR. ,

The staff concluded that the Millstone site is adequately designed against
aircraf t hazards and since current regulatory criteria are met with respect to
SEP Topic III-4.D, " Site Proximity Missiles," this topic is complete.

3.6 Seismic Design Considerations (SEP Topic III-6)
i

10 CFR 50 (GDC 2) and'10 CFR 100 Appendix A, as implemented by SRP Sections,i

2.5, 3.7, 3.8, 3.9, and 3.10 and SEP review criteria (NUREG/CR-0098), require
'

that structures, systems and components important to safety be designed to
withstand the effects of natural phenomena such as earthquakes.

;
. IPSAR Section 4.11 (Ref. 5) identified the following areas as requiring further! analysis:

(1) pile foundations
(2) motor operated valvas

!(3) transformer and control room panels
(4) qualification of cable trays,

'

(5) reactor vessel internals

Pile Foundations>

t

IPSAR Section 4.11.1 identified concerns related to the adequacy of the
plie foundation of the turbine building. The concerns are the same as

'

those discussed in Section 4.2 of the IPSAR and Section 2 of this safetyevaluation.

'
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Motor-0perated Valves S-

)
In Section 4.11.2 of the IPSAR, the staff required that the licensee
demonstrate that the structural integrity of motor operated valves that
are in lines 4 inches or smaller is adequate. By letter dated May 17,
1984, the licensee submitted the results of its review to the staff. The
staff evaluation is in progress.

Transformers and Control Room Panels.-

Section 4.11.4 of the IPSAR required demonstration of anchorage system
adequacy for transformers and control room panels during a seismic event.
The licensee had provided information to the staff by letter dated Septem-
Der 29, 1982, which the staff was reviewing at the time of IPSAR publica-
tion. *The staff later requested additional information from the licensee
and is awaiting a response.

Qualification of Cable Trays.-

IPSAR Section 4.11.6 required the licensee to submit a plant-specific
implementation program and schedule regarding the seismic qualification
of cable trays. The licensee submitted final reports, on behalf of the
SEP Owners Group, describing cable tray testing and results of the program
on qualification of cable trays. The licensee has concluded that the test-
ing and analyses conducted as part of the SEP Owners Group program ade-
quately demonstrates the seismic capability of the cable trays in SEP
plants. The staff is reviewing the results of the SEP cable tray program
in concert with the generic resolution of Unresolved Safety Issue USI A-46,
" Seismic Qualification of Equipment in Operating Plants," which will apply
to all operating plants. When a generic resolution for USI A-46 is ap-
proved, the staff will determine whether any additional action is required
to resolve the SEP cable tray program in a consistent manner.

Reactor Vessel Internals.-

In IPSAR Section 4.11.8, the staff was unable to conclude that reactor
vessel internals are adequate to resist a seismic event due to a lack of
information. The licensee provided the required information by letter
dated January 23, 1984. Staff evaluation is in progress.

3.7 Environmental Qualification of Electric Equipment Important to Safety and
Safety-Related Mechanical Equipment (Ref. 23) ,

Equipment which is used to perform a necessary safety function must be demon-
strated to be capable of maintaining functional operability under all service
conditions postulated to occur during its installed life for the time it is
required to operate This requirement, which is embodied in General Design
Criteria 1 and 4 of Appendix A and Sections III, XI, and XVII of Appendix B to
10 CFR 50, is applicable to equipment located inside as well as outside contain-
ment. More detailed requirements and guidance relating to tne methods and
procedures for demonstrating this capability for electrical equipment have been
set forth in 10 CFR 50.49, " Environmental Qualification of Electric Equipment
Important to Safety for Nuclear Power Plants," NUREG-0588, " Interim Staff
Position on Environmental Qualification of Safety-Related Electrical Equipment"
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(which supplements IEEE Standard 323 and various NRC Regulatory Guides and
industry standards), and " Guidelines for Evaluating Environmental Qualification
of Class 1E Electrical Equipment in Operating Reactors" (DOR Guidelines).

The evaluation of the acceptability of the licensee's electrical equipment
environmental qualification program is based on the results of an audit review
performed by the staff of: (1) the licensee's proposed resolutions of the
environmental qualification deficiencies identified in the December 13, 1982
SER and May 28, 1982 FRC TER; (2) compliance with the requirements of 10 CFR
50.49; and (3) justification for continued operation (JCO) for those equipment
items for which the environmental qualification is not yet completed. By let-

'

ter dated March 28, 1985, the staff authorized a schedular delay for replace-
ment of '28 valve motor operators (Ref. 24).

With regard to the qualification of electric equipment important to safety
.

within the scope of 10 CFR 50.49, the staff concluded:

NNECO's Millstone Unit 1 electrical equipment environmental qualification '-

program complies with the requirements of 10 CFR 50.49.
|

i The proposed resolutions for each of the environmental quelification-

deficiencies identified in the December 13, 1982 SER and .HC TER are
acceptable with the exception of the inside containment P/T profiles
which the licensee is required to resolve.

Continued operation until completion of the licensee's environmental-

; qualification program will not present undue risk to the public health
and safety.

3.8 Design Codes, Design Criteria and Load Combinations (SEP Topic III-78)

10 CFR 540 (GOC 1, 2 and 4), as implemented by SRP Section 3.8, requires thati

structures, systems, and components be designed for the loadings they may expe-
rience and that they conform to applicable codes and standards.

1 As described in IPSAR Section 4.12, during the integrated assessment, the
licensee proposed to perform, on a sampling basis, an evaluation of the code,.'
load and load combination issues delineated by the staff in order to assess the
adequacy of as-built structures at Millstone 1. By letter dated February 2,
1984, the licensee supplied the results of their review to the staff. The
staff is currently reviewing the licensee's response.

;

1

.!
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4 REACTOR

The Millstone Unit 1 nuclear steam supply system (NSSS) was provided by the
General Electric Company. The NSSS is a light water moderated and cooled boil-
ing water reactor fueled with slightly enriched uranium dioxide. The excess
reactivity designed for the early cores was partially compensated by temporary
poison curtains in addition to the control rod system. Later, af ter the cur-
tains were removed, burnable poison fuel rods were used to partially compensate
for the increased reactivity resulting from additional U2as enrichment.

The as-designed core, i.e. 580 fuel assemblies and 145 control rods, continues
to produce the design thermal output of 2011 MWt. All of the temporary control
curtains initially installed in the core for partial control of excess reactiv-
ity have been removed. The 1985 fall refueling outage is the 10th fuel reload
since the initial reactor power generation in 1970.

4.1 Fuel Design

Over the 15 year operating history of Millstone Unit 1 a number of fuel assembly
design improvements have occurred. The improved fuel and rod integrity and
power production capability (i.e. , longer lifetime) were reviewed and approved
by the NRC prior to startup following each refueling outage (Ref. 26-32).i

The initial core fuel performance expectation was based on an average of 15000
megawatt days of thermal power per metric ton of uranium (MWD /MTU) at normal
reactor operating conditions. In contrast to this Millstone Unit 1 technical
specifications (Ref. 25) Section 3.11 identifies the various fuel assemblies
that currently constitute the Millstone Unit 1 core. It can been seen that the
most recently installed fuel assemblies are expected to produce an average of
45,000 MWD /MTU at normal operating conditions. These fuel assemblies contain176 kilograms of uranium. Therefore, each fuel assembly can produce 7920 MWD
of thermal energy. 580 fuel assemblies, the core inventory, yield 4 x 108 MWD
thermal energy. Millstone Unit 1 with uninterrupted operation at rated power
for one year, could produce 7.35 x 105 MWDt. From this it is evident that ex-
tended operating cycles between refueling outages, of 1.5* years, are possible
by replacing the most depleted one third of the core fuel assemblies when the
excess reactivity has diminished to the extent that control rods have reached
the fully withdrawn condition. In reality, the refueling interval is dependent
on the plant capacity factor as well as the fuel design lifetime. Operation at
less than 100% power level stretches the period between fuel assembly replace-
ment. Normal maintenance, inspection, and testing requirements for the NSS,
turbine / generator, and related equipment, as well as unforeseen events, control
the capacity factor.

The improved fuel integrity and performance have resulted from gradual design
; changes introduced when depleted fuel assemblies are replaced with unirradiated
'

assemblies. Each of the initial core fuel assemblies cantained 49 fuel rods in
a square (7 x 7) array. Important descriptive information related to the
original fuel assemblies is presented in Tables III- 1 and 3 and Figures III -
3.1, 4.1 and 4.2 of the FSAR (Ref. 12).
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During reload 3 (Ref. 26) 143 7 x 7 fuel assemblies were replaced by assemblies
with 8 x 8 square array fuel rods. During reloads 4 and 5 additional 7 x 7
fuel assemblies were replaced with 8 x 8s. The remaining 7 x 7s were finally

,

'removed from the core during reload 7 (the reload 7 outage extended, due to
main turbine damage, to mid June 1981).

Table 4.1 (Ref. 26) presents a comparison of the typical 8 x 8 fuel assembly
that has gradually displaced all off the 7 x 7 assemblies. Beginning with
operating cycle 8, June 1981 the core has been fully composed of 8 x 8 fuel
assemblies.

The importance of the change from 49 rods to 64 per fuel assembly becomes clear
on close examination of the table. Approximately the same amount of uranium is
distribute _d in both fuel assemblies but the 8 x 8 fuel assembly rod diameter is
smaller. The net effect of the resultant increased heat transfer area and
reduced power per rod, with nearly the same clad thickness, is a significant
reduction in fuel rod temperature and improved fuel rod integrity. The peak
linear heat generation rate for fuel rods decreased from 17.5 kW/ft to
13.5 kW/ft, resulting in less clad strain.

Table 4.1 Comparison of Parameters for 8 x 8 and 7 x 7
Rod Fuel Assembly Design

7x7 8x8

Pellet Outside Diameter (in.) 0.477 0.410

Rod Outside Diameter (in.) 0.563 0.483

Rod-to-Rod Pitch (in.) 0.738 0.640

Water-Fuel Ratio (cold) 2.53 2.62

U Bundle Wei]ht (pounds)(kg) 412.8 187 390 177

Cladding Thickness (mils) 37 32

Active Fuel Length (in.) 144 145.24

During the changeover from 7 x 7s to 8 x 8s, the average fuel assembly enrich-
ment increased from 2.07 w/o U2as (Ref. 12) to 3.0 w/o U2ss (Ref. 32) and cor-
respondingly average expected fuel assembly lifetime increased from less than
15000 MWD /MTU to 45000 MWD /MTU. To accommodate these important changes, more
but smaller rods and increased U2as enrichment per fuel assembly, a number of
other changes were made over the same period. Burnable gadolinium was intro-
duced and used in increasing amounts to partially control excess reactivity
resulting from increased amounts of U2ss enrichment. Water rods near the fuel

I assembly center were added to help shape power. The active fuel length was

increased slightly, the enrichment at the top and bottom of rods was reduced to'

limit flux peaking, the fuel rod top plenum volume was increased, hydrogen
getters to prevent clad embrittlement and gap barriers to prevent fuel clad
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interaction were added, each fuel rod was prepressurized with helium gas and
|lower tie plates were drilled and finger springs added to regulate bypass flow.

| These and other more subtle changes to fuel pellet fabrication have resulted in
j a significant improvement in fuel performance and clad integrity as evidenced

;
i by the longer fuel irradiation and increased power production with a noticeable
j reduction in coolant radioactivity. All of these changes were made without
j significant change to the reactor operating performance characteristics or

safety shutdown margins.

4.2 Loose-Parts Monitoring and Core Barrel Vibr1 tion Monitoring
(SEP Topic III-8.A)

i 10 CFR 50 (GDC 13), as implemented by Regulatory Guide 1.133 Revision 1, and
SRP Section 4.4, requires a loose parts monitoring program for the primary sys-

i tem of light-water-cooled reactors. Millstone Unit 1 does not have a Inose-
| parts monitoring program that meets the criteria of Regulatory Guide 1.133.
t

) A loose parts monitoring program could provide an early detection of loose
j parts in the primary system that could help prevent damage to the primary sys-

tem. Such damage relates primarily to

(1) damage to fuel cladding resulting from reheating or mechanical penetration

(2) jamming of control rods '

1
i

!; (3) possible degradation of the component that is the source of the loose part !
| to a level such that it cannot properly perform its safety-related function I
I

!
i Backfitting of a loose parts monitoring program is being considered in Revision
) I to Regulatory Guide 1.133. If the staff decides to implement the recommenda-
| tions of the revision, then the need to implement a loose parts monitoring pro-
j gram on operating reactors will be addressed generically, i'

i

The following factors were considered in making a recommendation that no back-;

i fitting be done at this time:

! (1) A summary of 31 representative loose parts incidents at 31 reactors (from
the value-impact statement of Revision 1 to Regulatory Guide 1.133) indi-,

! cates that structural damage occurred as a result of loose parts in only '

nine incidents. None of these incidents caused a safety-related accident.
;

j (2) Most loose parts can be detected during refueling inspections.

! (3) The limited PRA of this issue for Millstone Unit I concluded that elimi-
! nating loose parts-induced transients by installing a loose parts moni- i

j toring system would have no effect on risk.
i
t\

i 4.3 Reactor Materials (SEP Topic III-8C) ;

I

! The reactor internal components for the Millstone Nuclear Power Station. Unit
i

| No. 1, are described and analyzed in Section III-7.3.4 through Section III-7.3.8
|' of the Final Safety Analysis Report (Ref. 12). The internal comoonents were

designed to provide support for the fuel and maintain structural clearances I4

during normal and accident conditions. In addition, the internal components
;

'
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provide passageways for the coolant to cool the fuel and means for adequately
separating the steam from the coolant water.

Components of the reactor coolant pressure bounda y of the Millstone Nuclear
Power Station, Unit No. 1, were designed, fabricated, inspected and tested to
the requirements of Section III of the ASME Boiler and Pressure Vessel Code,
1965 Edition, including Summer 1965 Addenda plus applicable nuclear code cases.
The internal reactor components were analyzed to withstand the combined load-
ings from pressure, temperature, fluio movement, and seismic acceleration.
Calculated stresses were within the criteria required by the ASME Boiler and
Pressure Vessel Code.

The primary criteria for material selection for the reactor internal components
were the mechanical properties, the material stability and corrosion resistance

,

in the reactor environment. The materials used for fabricating the reactor'

j internals were identified in the FSAR as Type 304 stainless steel, Inconel, and
; minor quantities of special purpose alloys, such as Stellite.

These materials have been proven to be generally adequate for reactor inter nal
| service, as long as the primary water chemistry is kept within technical speci-
! fication limits. There was an incident at Millstone 1 when the ftimary coolant

]
became contaminated, and some stress corrosion problems did occur.

In September, 1972, during reactor startup,, seawater leakage occurred
through the main condenser into the hotwell, saturating the condensate
demineralizer and allowing excess chloride ion into the primary cool-
ant system. An inservice inspection and testing program was conducted
to assess the damage to the reactor internal components. The program

i showed that intergranular stress corrosion cracking had occurred,
causing the failure of the local power range monitors, five neutron

! sot.rce holders and the cladding on the control rod neutron absorber
elements. Examination of the other components showed neither inter-
granular stress corrosion cracking nor evidence of material
degradation.

Stress corrosion cracking of areas of stainless steel cladding adja-
cent to reactor vessel head nozzles was identified in 1976. This was

i '

evaluated and a report was submitted to the NRC.

The staff concluded that the integrity of the reactor internal components could
;

have been degraded because of the chloride intrusion and the corrosion attack'

upon the stainless steel components. The subsequent inservice inspection and
testing procedures detected failures in the local power range monitors, neutron

Isource holders and control rod cladding. Failure was attributed to intergran-

; ular stress corrosion cracking. After the chloride intrusion and repair and

; replacement of the failed components, no further incidents of stress corrosion i

cracking related to the chloride have been reported in the reactor internal
components for the Millstone Nuclear Power Station Unit No. 1.

|
Although the materials of construction have proven to be generally adequate in

|
resistance to cracking in the absence of unusual contamination there have been
some instances of stress corrosion related cracking in some BWRs. These have

;
generally been attributed either to fabrication problems or Irradiation Assistedi

i
'

r
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Stress Corrosion Cracking (IASCC). These instances and their relevance to MP-1
are discussed below:

Steam Dryer Assemblies

Minor cracking, not considered to have safety significance has occurred
in some BWRs. A two-inch long crack on a support stiffener was found at
MP-1 in 1984. This was not considered to be of significant concern.

The assembly was to be reinspected during the 1985 refueling outage.

IRM/SRM Dry Tubes

Cracking has occurred in dry tubes in several BWRs, and has been attributed
to Irradiation Assisted Stress Corrosion Cracking (IASCC). No cracking
of dry tube was found during the 1984 inspection, but these were to be
reinspected during the 1985 outage.

,

d Core Spray Spargers

Cracks in Core Spray Spargers have been found in several BWRs. Repairs
have been made by installing clamps that will prevent failure of the compo-

'; nent. The staff has concluded that this problem does not constitute a
safety concern, but does re
additional cracking occurs. quire continued surveillance to ascertain ifCracks were found at MP-1 and a staff approvedI. clamp repair was performed. Inspection will continue in accordance with

i IE Bulletin 80-13 during every refueling outage. This action is consideredacceptable to the staff.

Certain other reactor intervals components are considered to possibly be subject
to inter granular stress corrosion (IGSCC) or IASCC. These include CRD stub
tubes, jet pumps, jet pump sensing lines, top guides and the shroud annulus.
These will be visually inspected to the degree possible, depending on accessa-
bility during the 1985 outage. The staff has concluded that these inspection
plans are adequate to reveal any significant cracking before any potential
safety problem could occur, and therefore are ratisfactory.

In summary, the known occurrences of stress corrosion cracking in BWR reactor
internals have not constituted safety concerns, and the inspection plans pro-1

posed for Millstone 1 are considered to be completely acceptable to the staff.i

4.4 Reactivity Contcol Systems, including Functional Design and Protection
Against Single Failures (SEP Topic IV-2)

10 CFR 50 (GDC 25), as implemented by SRP Section 7.7, requires that the reactor,

protection system be designed to ensure that specified acceptable fuel design
limits are not exceeded for any single malfunction of the reactivity control

i systems. A preliminary PRA of the effects of multiple rod withdrawal on risk
i indicated that this issue is of low importance because (1) the single failures

identified do not affect the ability of the scram function and (2) the limited
exceedance of the fuel thermal limits is not significant to risk. All signifi-
cant risk sequences involve core melt, and the issue of multiple rod withdrawal
does not affect core-melt probability.

!

Hillstone - FTOL SER 4-5

_ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _



!

During the topic review, sufficient information was not available for the staff
to complete a single-failure analysis of the rod control system. On the basis
of the review of Dresden Unit 2, specific types of rod motion from postulated

; single failures were identified for Millstone Unit 1. These were used in the
. core analysis of SEP Topic XV-8, " Control Rod Misoperation." On the basis of
1 the assumed rod motions, it was determined that the Millstone Unit 1 design 1

| meets current licensing criteria. By letter dated October 14, 1982, the licen-
'

; see provided additional information on the design of the Millstone Unit I rod
; control system and the effect of single failures. On the basis of information

provided in that letter and subsequent discussions with the licensee, it was
determined that a single failure (rod select relay) can occur that would allow

])
the operator to move two rods into the core while leading him to believe he was
only moving one rod. No single failure could be identified that would permit *

' more than one rod to,be withdrawn from the core. Although moving more than one
, rod into the core has not been evaluated, it is the staff's judgment that unac-
! ceptable consequences would not result because this action does not result in a
'

positive reactivity insertion and because, in the staff's judgment, even though
the peaking factor would increase, power would decrease at a faster rate. Other

,

! possible types of rod motion have been bounded by the types of rod motions as-
} sumed in SEP Topic XV-8. Because the consequences of such rod motions have
j been found acceptable, the staff considers this topic adequately resolved.

4.5 Scram Discharge Volume (50V)
!
; 4.5.1 SOV Modifications
!
! As a result of events involving common cause failures of the Scram Discharge
j Volume (50V) limit switches and drain valve operability, the NRC staff issued
j IE Bulletin 80-14 on June 12, 1980 and sent a letter dated July 7, 1980 to all
; operating BWR licensees requesting technical specification changes to provide

surveillance requirements and limiting conditions of operation for 50V limitt

switches and drain valves. The changes were necessary because of extensive
modifications to the SOV. The modifications completed during the Fall 1982,

4 outage included: (Ref. 33)

! Installation of a second instrument volume tank (IVT) for the south SOV,-

j i.e., two separate SOVs and associated piping where only one was available
j before the change i

:

! Replacement of the 2-inch piping connecting the 50V and the IVT with 6-inch-

: piping ;

:

Installation of redundant vent and drain valves-

! Increasing the 50V to allow for 3.34 gallons per control rod drive-

The staff found the modifications and changes to the technical specification
acceptable.,

I

j 4.5.2 Scram Dischrge System Level Instrumentation
!

| The NRC staff issued a generic safety evaluation report (SER) on boiling water
j reactor (BWR) scram discharge systems in December 1980. This report required
! that:
i
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"The scram discharge system instrumentation shall be designed to
provide redundancy, to operate reliably under all conditions and
shall not be adversely affected by hydrodynamic forces or flow
characteristics." .

Generic Letter 81-18 dated March 30, 1981, tequested all operating BWR licen-
sees to provide diversity for the SDIV level switches at their facilities. In
response, the licensee submitted a letter dated December 9, 1981 requesting;

relief from this requirement. In its submittal, the licensee proposed alter-
native modifications to their SDIV design and pointed out that the proposed
modifications would be significantly more effective in reducing the overall
SDIV unavailability at Millstone, Unit 1, than would the provision of the staff'

requested diversification of SDIV level switches.

| The staff determined that these modifications, particularly, the addition of
of a second SDIV with its associated six level switches and the elimination of
nonessential valves significantly improved the design and reliability of the,

Millstone, Unit 1 SDIV system. Further, it is noted from the licensee's sub-1

' mittals that horizontal acting type Magnetrol float switches are utilized for
'

Millstone, Unit 1 SDIVs. These switches are not subject to the differential
pressure problem that caused Magnetrol float switches of the vertical acting
type to fail at some BWRs. In addition, Millstone, Unit I does not utilize
floats of the type found to have venting problems in some BWRs and does not
employ an SDV design which was suspected of causing large flow rates and/or
waterhammer problems. From the licensee's submittals, it is noted also that
in more than 10 years of operating history, Millstone, Unit 1 had never expe-
rienced a failure of these Magnetrol float level switches. The licensee con-
firmed that the existing plant TS require: 1) four level channels to be oper-
able for automatic initiation of the scram function for each of the two SDIVs
(i.e. , scram level switches for each SDIV following a "I out of 2 taken twice"
logic initiate a scram signal on detection of high waterlevel in either SDIV),
2) two channels, one for each SDIV to be operable for automatic initiation of

1control rod withdrawal block on detection of high water level in either SDIVs

(this level is lower than that for the scram function), and 3) the surveillance
requirements spelled out for the instrument channels to be applicable for each
SDIV.

In view of the above considerations, the staff concluded that the SDV design
modifications completed by the licensee in Fall 1982 are more effective in
reducing the overall SDIV unavailability at Hillstone, Unit 1 than would have
been achieved by providing diversification of level switches for the SDIVs at
Millstone, Unit I and are, therefore, acceptable.'

.

T

1

i
i

:
#

i

!
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5 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

The reactor coolant system described briefly in Section 1.1 and shown schemat-,

; ically in Figure 1.1 includes the reactor vessel, the 2 loop recirculation
'

system with 20 jet pumps, the main steam piping, the safety / relief valves, the
reactor auxiliary system piping, and the isolation condenser system. The! important parameters of the reactor coolant system are summarized in the ESAR ,

(Ref. 12), but the following section related to safety / relief valves supersedes
the FSAR information.

5.1 Safety / Relief Valve Modifications
*

Overpressure protection for the reactor vessel and reactor coolant piping was
originally provided by 3 relief valves and 2 safety valves. The relief valves
were sized to .emove steam upon closure of the turbine stop valves coincident
with failure of the turbine bypass system. The reactor safety valves were
sized to protect the reactor vessel and piping against overpressure during:

i turbine trip from full power-

failure of the turbine bypass system-

i failure of direct reactor scram based on stop valve position-

| 5.1.1 Plant Modification - 6 Safety / Relief Valves

In the fall of 1974 NNFC0 began the installation of additional safety / relief
valve capacity at the Millstone Nuclear Power Station, Unit 1 (Ref. 35). The
modifications consisted of changing the safety and safety / relief valve configu-
ration of three (3) safety / relief valves and two (2) spring safety valves (3/2,

safety /reltief configuration) to six (6) safety / relief valves (6/0 safety / relief
configuration), all piped to the pressure suppression pool (torus). These plant^

i

modifications were necessary due to the loss of scram reactivity near the end
I

of operating cycle 4 which resulted in potential violation of the 25 psi margin
to safety valve operation at full power for the most limiting pressure transient
(generator load rejection with bypass failure). (The 25 psi margin is a General

|Electric (GE) design criteria which reflects GE's concern regarding safety valves |discharging to the containment dry well volume. ) In order to maintain the 25
psi margin, NNECO proposed that Millstone Unit 1 undergo a power reduction near

'

end of cycle 4 which was subsequently approved by the NRC staff and issued as
r

part of License Amendtrent 16 on October 17, 1975. Installation of the 6 safety /
relief valve configuration eliminated the need for the 25 psi margin since each4

of the safety / relief valves discharges directly to the torus.

The modifications to tne safety / relief system involved removal of the two spring
-

'

safety valves and installation of three safety / relief valves of Ider'.ical design
to the three existing units. The three newly installed valves have discharge
piping to the torus identical in function and similar in layout to the three
existing units. Since go modifications were made to the existing safety / relief

1
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valves, the functioning of the Automatic Pressure Relief (APR) subsystem of the
Emergency Core Cooling System (ECCS) was not affected at that time.

In addition to reanalyzing transients for their effect on minimum critical power
ratio (MCPR), as a result of the change in the safety / relief valve configuration,
the ASME Pressure Vessel Code compliance was also reevaluated. The ASME Nuclear J
Boiler and Pressure Vessel Code requires.that each vessel designed to meet Sec-
tion III be protected from the consequences of excessive pressure. The tran-

,

sient selected to demonstrate compliance was closure of all mainsteam isolation
valves from full power operating conditions. Reactor scram was initiated from
high neutron flux and only the safety function of the safety / relief valves was
credited. With only 3 safety / relief valves operable, half of the eventual com-
plement of 6 safety / relief valves, the transient pressure reached 1346 psig as
compared with the ASME limit of 1375 psig. The 1375 psig limit represents 110%
of the vessel design pressure of 1250 psig as required by the ASME code. Accord-
ingly, the staff found that the safety / relief valve modification provided suf-
ficient relieving capability to protect the pressure vessel against the most
severe over pressure conditions.

.

The overpressure analysis for the MSIV closure with high flux scram is the
limiting overpressure event (Ref. 29). The staff agreed that there is suffi-

,

cient margin between the peak calculated vessel pressure and the design limit-

pressure to allow for the failure of at least one valve. Therefore, the limit-
ing overpressure event as analyzed by the licensee was acceptable.

.

The overpressurization analysis calculated using the revised Safety / Relief Valve
(S/RV) setpoints, concluded that overpressurization protection was adequate.
Moreover, the higher setpoints increase the margin between normal operating

3

! pressure and S/RV setpoint pressures (simmer margin), thus reducing unnecessary
opening of the valves and increasing their reliability.

,

,

No. Valves PSIG

!
'

1 Safety Set Pt. 1095 i 1%'

1 Safety set Pt. 1110 1 1%
| 4 Safety Set Pt. 1125 1%

!

The licensee also examined the effects of the increased S/RV setpoints on the
torus and on the main steam and relief valve piping. This examination demon-
strated that the forces on these components during S/RV actuations are bounded
by analyses'previously accepted by the NRC staff. Therefore, the staff found
the revised setpoint specifications acceptable.

In addition, the licensee replaced the S/RVs wi,th a new two-stage design. This
change necessitated some changes to the S/RVssurveillance requirements. The

( revised surveillance reouirements are consistent with those previously approved j

for other. installations .using the new two-stage valves. Therefore, the staff
found them acceptable.

5.1.2 Automatic Depressurization System (ADS) Valve I

The licensee has reported (Ref. 30) that an additional one, of the six existing-
safety / relief valves, was added to the automatic depressurization system (ADS),
also known as automatic pressure relief-system'(APR), by modification of the

i
I i

I -

I'
. |
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actuation logic. The result is that four of six S/RV's will open for the ADS
function instead of three of six.

The reason for the change was to improve ECCS response to a small break LOCA
by causing a more rapid vessel depressurization if ADS were required i.e., in
the event of a loss of feedwater combined with a loss of Feedwater Coolant
Injection (FWCI).

The staff concluded that the addition of the fourth ADS valve was adequate
compensation for lowered planar heat generation limits that had been imposed
during the preceding cycle (i.e., Technical Specification Maximum Average
Planar Linear Heat Generation Rate Limits commonly referred to as MAPLHGR
limits). The increased volume of steam released through the fourth ADS valve
reduces pressure fast enough to allow low pressure coolant injection into a
broken recirculation loop in the event of small break 0.10 ft2 or less and
failure of the gas turbine generator, without exceeding the peak clad tempera-
ture limit of 2200 F. It also allows the MAPLHGRs to be increased to a higher
less restrictive value without increasing the risk of exceeding the clad tem-
perature limit of 2200 F, hence it compensates for higher MAPLHGR limits. NRC
Amendment No. 67 dated May 8, 1980 (Ref. 36), allowed credit for the isolation
condenser used in the sequence of events considered by this analysis. This is
discussed below.

5. 2 Isolation Condenser

The isolation condenser provides a heat sink for the reactor decay and residual
heat if the reactor is isolated from the main condenser or if all feedwater is
lost. It does not require AC power for operation. It operates by natural cir-
culation. The system is described in the FSAR (Ref. 12). As originally in-
stalled, the isolation condenser was not designed as an emergency safety feature.
It was placed in operation by automatic opening of the condensate return line
resulting from high reactor vessel pressure.

5.2.1 System Upgrade For Emergency Core Cooling

The licensee proposed changes responsive to a Low Pressure Coolant Injection
(LPCI) loop selection logic insensitivity for small break mitigation. The
Appendix A Technical Specifications changes added an automatic initiation of
the Isolation Condenser on reactor vessel low-low water level and allowed credit
for the Isolation Condenser system in the Emergency Core Cooling System (ECCS)
performance calculations.

The licensee described the impact of the LPCI loop selection logic insensitivity
to small break LOCAs, <0.1 ft. The change incorporated the isolation condenser
as part of ECCS and took credit for its function during LOCA, i.e., increased
MAPLHGR limits. The isolation condenser reduces the inventory loss during de-
pressurization, increases the depressurization rate, and decreases the depres- I
surization time which effectively results in earlier hot node recovery and j
lower peak clad temperatures (PCTs) for small break LOCAs.

|
The licensee provided the results of a revised ECCS performance analysis with

j

credit for isolation condenser operation and assumed failu: 2 of the LPCI loop i

selection logic. The analysis covered an appropriate range of break sizes, )
;

1
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locations, and single failures, and utilized the standard General Electric
Company (GE) ECCS performance methods with two additions to the analytical
methods. The first of these additiuns was to determine the isolation condenser
heat removal rate. GE calculated the neat removal rate at the pressure extremes
for isolation condenser operation and used a linear interpolation to establish
heat removal during depressurization. The second of these additions was to
take credit for LPCI flow past the broken loop. GE calculated this flow rate
based on conservative assumptions. The staff found the analysis and the changes
to be acceptable (Ref. 36).

On the basis of documentary information provided by the licensee and the reeval-
uation and upgrading of the isolation condenser steam and condensate return
line restraints the staff concluded that the isolation condenser and related
piping and electrical systems met the reliability requirements of Engineered
Safety Features.

5.2.2 40% Power Level Limitation

Whenever the isolation condenser is unavailable reactor power level is limited
to 40% of rated power level. The staff concluded (Ref. 37) that for power levels
below 40% the ultimate protection was provided by The Feedwater Coolant Injec-
tion (FWCI) system and the ability to manually depressurize the reactor and
cooldown with low pressure core cooling systems. The reactor and/or the oper-
ator have sufficient time, capability, and indication to respond to postulated
loss of feedwater events which are normally mitigated by the Isolation Condenser.
The staff analysis indicated that with a complete loss of feedwater initiated
from 40% of rated power, the operator has at least 10 minutes to manually de-
pressurize via the Automatic Pressure Relief System and initiate low pressure
emergency core cooling without uncovering the core. On the basis of this in-
formation the technical specifications were changed to limit reactor power
level to 40% whenever the isolation condenser was inoperable.

5.2.3 Water Hammer

Isolation condenser water hammer (noise and pipe movement) was observed on one
occasion. The incident is included in The " Summary of July 25, 1978 Meeting
with Northeast Nuclear Energy Company Regarding Millstone-1 Isolation Condenser
Water Hammer and Pipe Supports" dated August 10, 1978. Later inspection revealed
some pipe weld cracks and damage to pipe supports. The system integrity has
been restored by pipe replacement and weld repair as necessary and repair and
strengthening of pipe hangers and supports. The cause of water hammer was
attributed to excessive reactor vessel water that resulted in water slugs in
the isolation condenser steam line.

NUREG-0927 " Evaluation of Water Hammer Occurrence in Nuclear Power Plants"
dated March 1984 presents the NRC staff's technical findings regarding " Water
Hammer," and presents the results of the concluding evaluations associated with
resolving this safety issue. The major findings are that:

1. Total elimination of water hammer occurrence is not feasible, due to the
possible coexistence of steam, water, and voids in various nuclear plant
systems. Experience shows that design inadequacies and operator or
maintenance-related actions have contributed about equally to initiating
water hammer occurrences.
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2. Since 1969, approximately 150 water hammer events have been reported
'

through the NRC's Licensee Event Reports (LERs). Damage has been princi-
pally limited to pipe support systems. Approximately half of these events
have occurred either in the preoperational phase or the first year of

j commercial operation. This suggests a learning period in which design
J deficiencies are corrected and operating errors are reduced. '

| 3. Water hammer frequency peaked in the mid-1970s, at a time when the rate
of introducing new plants into commercial operation was the highest. Expe-I rience led to corrective design changes (e.g. , use of J-tubes to eliminate'

steam generator water hammer and " keep-full" systems, vacuum breakers,
etc.) which reduced the frequency of occurrence.

4. Steam generator water hammer (SGWH) associated with top feedring SGs for !

] PWRs appears to have corrected by the use of the design features. '

The major conclusions reached are that the frequency and severity of water ham-,

1 mer occurrence can be and to some extent have been significantly reduced through
design features such as keep-full systems, vacuum breakers, J-tubes, void detec- !

,

tion systems and improved venting procedures, proper design of feedwater valves (and control systems and increased operator awareness and training; and that the '

current potential for significant damage as a result of water hammer events is
less than it was in the early and mid-1970's.;

a

?j Total elimination of water (steam) hammers is not feasible, due to various
inherent features of plant design and operation. Therefore, currently accepted
design practices for including anticipated water (steam) hammers as occasional
mechanical loads in the design of piping and their supports systems should be'
maintained.

! The staff safety evaluation of the water hammer events at Millstone-1 was docu-
] mented by letter to the licensee dated August 30, 1982. The staff concluded t~

that the strengthened supports for the isolation condenser steam supply line'

piping are sufficient to withstand the effects of water hammer loads but that !
the X10A piping penetration through containment should be reevaluated to assure I

j a safety factor of 4. In addition, the licensee was to install a high water
level feedwater pump trip, improve feedwater control at low flow rates and
lower the normal water level set point and the isolation set point for the
reactor water cleanup system. These additional changes reduce the dependence
on high water level feedwater pump trip to prevent water level from reachingj

;the steam outlet to the isolation condenser, i.e., they reduce the probabilityi
*

of a water hammer event.
1

5.3 Integrity of Reactor Coolant Pressure Boundary

j As implemented by Regulatory Guide 1.26, GDC 1 reguires that structures, systems [

.

[ and components important to safety be designed, fabricated, erected, and tested
to quality standards commensurate with the importance of the safety functions

: to be performed. SEP Topic III-1 addressed this issue which is not yet, as
noted in Section 3.2 of this SER, fully resolved. Although not fully resolved

,

',

the staff concluded, for those components where a comparison of codes was pos-;

sible,-that the changes in the codes since the original design do not signifi-
cantly affect the safety of the plant. Based on the staff's sampling of code
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comparisons, the remaining items are not expected to pose a significant hazard
to plant safe operation. The items are currently under review by the licensee.

5.3.1 Inservice Inspection

Amendment 64 (Ref. 38) revised the technical specifications to meet the require-
ments of 10 CFR 50.55a. Relief from certain inservice testing requirements as

described in the staff safety evaluation was also granted at the same time.
The second ISI 10 year program was approved by NRC letter dated November 19,
1980. Generic Letter 83-15 dated March 23, 1983 recommended an alternative
method related to " Implementation of Regulatory Guide 1.150 ' Ultrasonic Testing
of Reactor Vessel Welds During Preservice and Inservice Examinations'." The
safety evaluation of the Millstone Unit 1 inservice testing program for pumps
and valves for the second 10 year operating cycle has been drafted. Copies of
the report should be available before the end of 1985.

5.3.2 Reinspection, Analysis and Repairs of the Reactor Coolant System Piping

NUREG-0313 (Rev. 1) " Technical Report on Material Selection and Processing
Guidelines for BWR Coolant Pressure Boundary Piping" dated July 1980 sets forth
the NRC staff's revised acceptable methods to reduce the intergranular stress
corrosion cracking susceptibility of BWR ASME Code Class 1, 2, and 3 pressure
boundary piping and safe ends. For plants that cannot fully comply with the
material selection, testing, and processing guidelines of this document, varying
degrees of augmented inservice inspection and leak detection requirements are
presented.

During the Millstone Unit 1 1984 refueling outage (Ref. 40), a total of 215
intergranular stress corrosion cracking (IGSCC) susceptible welds were ultra-
sonically inspected. Of these, 98 welds were in the recirculation system, two
(2) welds were in the shutdown cooling system, 11 welds were in the low pres-
sure coolant injection (LPCI) system, 41 welds were in the reactor water cleanup
(RWCU) system, 15 welds were in the core spray system and 48 welds were in the
isolation condenser system. The percentage of welds inspected in each pipe
size of each system varied from 24% to 100%. In the recirculation piping sys-

| tem, except for eight (8) 4" bypass branch and cap welds, all IGSCC susceptible
| welds with pipe size >4 inches were inspected. The licensee indicated that

|
eight (8) flued-head penetration welds (2 in LPCI system, 2 in RWCU system, 2
in core spray system, and 2 in isolation condenser system) could not be ultra-

|

|
sonically examined because of access limitation.

|

The results of the UT inspections indicated that a total of 21 welds showed
| reportable linear indications. Of these, one was a 28" recirculation weld, six

were 12" recirculation riser welds, two were 10" core spray welds, seven were 1

8" Reactor Water Cleanup (RWCU) welds, and five were isolation condenser welds. ,

|The reported linear indications were predominantly in circumferential orienta-
| tion and were located in the heat-affected zone (HAZ). The deepest crack was |

reported in a RWCU weld with a crack depth of 0.34 inch. 360 intermittent
indications with a maximum depth of about 0.1 inch were reported in a 10" core;

| spray weld.'

One 12" riser weld showed two small leaks after application of induction-heating-
stress-improvement (IHSI). Prior to the application of IHSI, only geometry

!
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indications were reported on this weld. Of the 21 welds showing linear indi-
cations, seven welds, six 12" riser welds and one 16" RWCU weld were over lay
repaired, 13 welds were replaced with low carbon stainless steel material and
one weld was not repaired (28" recirculation weld), which was justified by
fracture mechanics analysis. This weld was reported to have a total crack
length of about 11 inches and a maximum crack depth of 0.3 inch.

The licensee indicated that 83 welds in the recirculation system were IHSI
treated during the outage. Because of geometry constraint or access limita-
tions, 15 IGSCC susceptible welds in the recirculation system were not treated
by IHSI. Ultrasonic examinations were performed on each weld before and after<

application of IHSI. There are no significant differences in UT results before
and after IHSI. The defective, unrepaired 28" recirculation weld was treated
by IHSI to prohibit further crack growth.

A total of 26 IGSCC susceptible welds in the isolation condenser core spray and
RWCU system were replaced with low carbon stainless steel materials and welded
with low carbon filler metals (308L and 316L). Fifteen of these welds were
reported to show linear indications. Heat sink welding was applied to the
joint connecting to the existing stainless steel materials. The licensee indi-
cated that the piping replacements were performed in accordance with the re-
quirements in ASME Code, Section XI, 1980 Edition through Winter 1980 Addenda.

The evaluations indicated that the 28" recirculation weld did not require weld
overlay repair. The crack growth analysis was performed in accordance with the
guidelines in SECY-83-267C. Analysis showed that calculated crack growth in
the weld at the end of an 18-month period was well within the 2/3 of ASME Code,
Section XI, IWB 3640 limits.

The weld overlay was designed and fabricated in accordance with the guidelines
in Generic Letter 84-11. Seven defective welds (1 16" isolation condenser weld
and 612" riser welds) welds were weld overlay repaired. The overlay thickness
was designed to meet the ASME Code Section XI IWB 3640 limits. The designs,

were based on the conservative assumption that the reported cracks were through-
wall cracks. The designed overlay thickness did not take credit of the first
pass. Penetrant testing (PT) was performed after the first pass and at the
completion of the weld overlay. UT was also performed to ensure the integrity
in bonding and the soundness of the overlay. The licensee reported that the-
average as-built overlay thickness (average of minimum and maximum thickness
measurements) varied from 0.255 inch to 0.465 inch.

In summary, a total of 215 IGSCC susceptible piping welds in the recirculation,
shutdown cooling, LPCI, core spray, RWCU and isolation condenser systems were
ultrasonically examined during the Millstone Unit 1 1984 refueling outage. The
UT results indicated that 21 welds showed linear crack indications. Of these,
seven welds were weld overlay repaired, 13 welds were replaced and one weld
(12" riser weld) was not repaired, which was justified by fracture mechanics
analysis. In addition, 83 welds, including the defective unrepaired weld in
the recirculation system, were treated with IHSI. The staff approved for con-
tinued interim operation the use of all materials (NRC Ltr dated August 14,
1985), the weld overlays, and the reinspection program and concluded that leak-
age monitoring frequency should be increased. Also, because of residual concern
for IGSCC, inspection plans for reload 10 outage, as well as plans for modifi-
cation including replacement if appropriate, should be submitted for NRC review.
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With respect to this issue, Millstone bait 1 is not unique in that IGSCC is a
generic problem for all operating BWR plants. The long term resolution will be
achieved along with all other similarly affected BWR plants.

i

5.3.3 Reactor Coolant Pressure Boundary Leakage Detection (SEP Topic V-5)

10 CFR 50 (GDC 30) as implemented by Regulatory Guide 1.45 and SRP Section 5.2.5,
prescribes the types and sensitivity of systems and their seismic, indication
and testability criteria necessary to detect leakage of primary reactor coolant
to the containment or other interconnected systems.

In IPSAR Section 4.16, the staff concluded that:

(1) The licensee should provide a seismically qualified method for determining
reactor coolant pressure boundary (RCPB) leakage or provide procedures
that specify actions to be taken in the case of a seismic event and fail-
ure of the leakage detection equipment (e.g., plant shutdown).

(2) The method should be testable during operation.

(3) The licensee should evaluate leakage detection sensitivity requirements
in conjunction with the resolution of Topic III-5. A for the purpose of
establishing appropriate limiting conditions for operation.

By letter dated November 1, 1983, the licensee proposed changes to the plant
Technical Specifications to address the matter. The staff approved the Techni-
cal Specifications by letter dated May 23, 1984. The Technical Specification
change requires initiation of an orderly plant shutdown if leak rate cannot be
determined as required by item (1) above.

|

5.4 Reactor Vessel

NUREG-0569, " Evaluation of the Integrity of SEP Reactor Vessels" dated October
1979 reported that the Millstone 1 reactor vessel was designed to the 1965

~

Edition of ASME Code Section III. A complete preservice nondestructive examina-
tion was performed on components of the reactor vessel and no significant indi-
cations were reported. Based on review of design criteria and the results of
the preservice examination, the staff concluded that the initial integrity of
the reactor vessel was acceptable. Inservice inspections have been performed
aon the vessel in accordance with ASME Code Section XI rules since 1972. Except
for flaws found in one feedwater nozzle safe end (see Section 1.3.2(5)), and in
the control rod drive return line and feedwater nozzles, no serious flaws have

been detected. The reactor vessel conforms with pressure-temperature operating
limits that are in accordance with Appendix G, 10 CFR Part 50. NUREG-0744
" Resolution of The Reactor Vessel Materials Toughness Safety Issue" dated
September 1981 describes the method acceptable to the NRC, for complying with
10 CFR 50, Appendix G, Section V.C.

5.4.1 Surveillance Specimens

The reactor vessel description in the FSAR (Ref.12) notes that vessel material
surveillance samples are located within the reactor vessel to enable periodic
monitoring of material properties with exposure. The program includes specimens

i
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of the base metal, weld zone metal, heat affected zone metal and standaM speci-
These specimens receive neutron exposures more rapidly than the vesselmens.

wall material and, therefore, lead it in integrated neutron flux.

About 120 samples were initially inserted in the vessel and are being periodi-3

cally removed for Charpy V-notch and tensile strength tests. The Millstone 1
| material surveillance program was reviewed.and accepted by the staff. By letter

dated April 12,1985 (Ref. 41), the licensee forwarded the results of the most
recent inspection of surveillance specimens in accordance with 10 CFR 50 Appen-
dix H, Section III A. At the end of Fuel Cycle 9, April-May 1984, survefilance
capsule number 2 was removed from the Miilstone Unit No. 1 reactor vessel.
This capsule contained flux wires for neutron fluence measurement, and Charpy
and tensile test specimens for material property evaluation.

In addition to the flux wire testing, a computer analysis established the vessel
peak flux location and magnitude. The irradiation effects, as established in
the Charpy and tensile testing, were projected to the vessel end-of-life (EOL).
Pressure-temperature operating limits curves valid to 16 effective full power
years (EFPY) were developed to the May 1983 requirements of 10 CFR 50,
Appendix G.

.

~

The licensee reported the following significant results and conclusions:
;

; (1) The vessel peak flux occurs at a height of 88 inches above the bottom of
| the active fuel, and at azimuthal locations 24.5 degrees to either side of
i the vessel quadrant references. The maximum c.ccumulated neutron fluence

at the vessel EOL (32 EFPY) is 1.2 x 1018 n/cm2 (this includes a 25% addi- ;
'

tion to account for flux wire testing uncertainties).

(2) The irradiated plate and weld metal impact curves (as compared to the un-
'

irradiated data) show a RT shift of 58 F for plate material, and 35*FNDT
for weld material. The RT shifts were compared to those predicted per '

NDT'

Regulatory Guide 1.99, Revision 1. The plate material RT shift is
NDT

greater than the predicted shift of 38 F; and the weld material RT shift
NDT

| is less than the R.G. 1.99 prediction. The method used in calculating
irradiation shift versus EFPY was modified to account for the surveillance,

test results of the plate material.

(3) The irradiated tensile specimens were tested and the results compared to,
' the unirradiated data. Increased material strength due to irradiation was
| exhibited (as expected) and the increase represents a less than 10% change

in properties.

( (4) The calculated E0L values of RT and upper shelf energy (USE) were com-NDT

pared to the limits in 10 CFR 50 Appendix G for vessel annealing. The E0L
value of RT f r the plate material (123*F) is the limiting value and isNDT

below the Appendix G annealing limit of 200*F. The USE values for both
j plate and weld materials are significantly above the Appendix G minimum

limit of 50 ft-lb for annealing. Therefore, provisions for annealing the.
| RPV before 32 EFPY of operation need not be considered.

!
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(5) Pressure-temperature operating limits curves were developed for three reac-
tor conditions: hydrostatic pressure tests; heat-up and cool-down without
core critical; and core critical operation. The curves are valid up to 16

EFPY of operation. The licensee will evaluate the curves and prepare a

Technical Specification submittal prior to July 1986.

The evaluation of this r.ew information is in progress. The staff has neverthe-
less concluded that the combination of inservice inspections, conservative
pressure-temperature operating limits and the use of materials having acceptable
fracture toughness provides assurance that the vessel integrity will be main-
tained at an acceptable level throughout service life. The generic safety items
applicable to Millstone 1 (low upper shelf toughness, sensitized stainless steel
safe ends, and CRD return 1:ne and feedwater nozzle cracking) have been success-
fully resolved and will not adversely affect the integrity of the reactor
vessel.

5.4.2 Reactor Water Quality (SEP Topic V-12A)

Reactor water quality is controlled to: 1) reduce damage to components of the
power plant due to chemical and corrosive attack, 2) reauce the fouling of heat
transfer surfaces and mechanical parts, and 3) reduce impurities available for
activation in neutron flux zones. Reactor water quality is achieved and main-
tainea by filtration and demineralization with the clean-up demineralizer system
and condensate demineralizer system, and by suitable selection of system
materials.

10 CFR 50 (GDC 14), as implemented by Regulatory Guide 1.56, requires that the
reactor coolant pressure boundary (RCPB) have minimal probability of rapidly
propagating failure. This includes corrosion-induced failures from impurities

in the reactor coolant system. The safety objective of the SEP review is to
ensure that the plant reactor coolant chemistry is adequately controlled to
minimize the possibility of corrosion-induced failures.

| IPSAR Section 4.19.1 required the licensee to revise its Technical Specifications
for chlorides and conductivity to be consistent with Regulatory Guide 1.56 or
provide justification for not doing so.

The licensee proposed Technical Specification changes by letter dated December 28,
1983. The staff approved the Technical Specifications by letter dated June 21,
1984. The staff concluded that the Technical Specifications regarding reactor
water conductivity and chloride concentration met Regulatory Guide 1.56 limits
and provided adequate protection for the primary coolant pressure boundary.

|

5.5 Component and Subsystem Design
|

5.5.1 Reactor Coolant Pumps

The FSAR (Ref. 12) describes the two main recirculation pumps, one in each of
the two loops, as single stage, centrifugal units with mechanical shaft seals

| driven by variable speed induction motors. The flow from each recirculation
l pump becomes the oriving flow for 10 jet pumps. The related SEP topic IV-3

| "BWR Jet Pump Operating Indications" and III 10 C " Surveillance Requirements on
! BWR Recirculation Pumps and Discharge Valves" are summarized below.
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5.5.1.1 BWR Jet Pump Operating Indications (SEP Topic IV-3)

If a jet pump BWR operates with a degraded jet pump, it may become impossible
to reflood the core in the event of a LOCA. The safety objectives of this topic
were to assure that the core flow could be determined and jet pump failure could
be detected for a range of crack / break sizes at various locations on the pump.

The plant design was reviewed (Ref. 39) with regard to General Design Criterion 35
of Appendix A to 10 CFR Part 50 as it relates to the ECCS design to provide an
abundance of core cooling.

,

Reactor Operating Experience Newsletter 73-3, issued March 30, 1973, described |
three occasions where actual jet pump flow malfunctions had been identified by
individual jet pump flow indicators. By letter dated September 19, 1975, Common-
wealth Edisen Company submitted a technical specification change request for
Dresden and Quad Cities stations to eliminate license requirements for jet pump
flow indication. Acceptance of the change would have resulted in deletion of
established requirements for individual jet pump flow indicator checks. The
request raised a concern with the staff due to a history of jet pump problems
such as failures of retainer bolt keepers and related components. In February
1980, a jet pump holddown beam bar failed at Dresden Unit 3 and resulted in jet
pump displacement. This event renewed interest in jet pump component integrity
and assurance of jet pump operational integrity. As a result, the HRC issued
IE Bulletin 80-07, "BWR Jet Pump Assembly Failure" on April 4, 1980, and a
Supplement dated May 13, 1980. The Bulletin raised a concern that the hold-
down beam assemblies and a subsequent jet pump function could degrade signifi-
cantly during operation and lead to jet pump disassembly and possibly reduced
margins of safety during postulated accidents. Therefore, licensees of GE
designed BWR-3 (Millstone-1 is a BWR-3) and BWR-4 facilities were required to
take actions which would assure that adequate surveillance of jet pump opera-
bility is maintained.

Northeast Utilities responded to IE Bulletin 80-07 by letter dated April 29,
1980, and agreed to implement a modified jet pump surveillance program at
Millstone 1.

On this basis, the staff concluded that the licensee's modified jet pump surveil-
lance program was sufficient to detect jet pump failure and therefore acceptable.

5.5.1.2 Surveillance Requirements on BWR Recirculation Pumps and Discharge
Valves (SEP Topic III-10.C)

In July 1976, all BWR facilities which had completed the Low Pressure Coolant
Injection (LPCI) system modification to remove the LPCI loep selection logic,
were required to incorporate technical specihcation surveillance requirements
on recirculation pump discharge and bypass valves. The recirculation pump dis-
charge and bypass valves were required, for these plants, to close upon initia-
tion of LPCI to prevent the loss of cooling water by reverse flow through the
pump or its bypass line and out the break.

Millstone Unit No. 1 retained LPCI loop selection logic and therefore was not
subject to this requirement. Furthermore, since the unmodified LPCI was sus-
ceptible to single failures that could eliminate all LPCI flow, no credit was
given for any LPCI flow in the Millstone Unit No. 1 ECCS analysis.
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The Millstone 1 LPCI logic network was designed to direct LPCI flow to the
. intact recirculation loop in the event of a loss of coolant accident (LOCA).
The logic network also was designed to close the suction and discharge valves
of the intact loop to prevent LPCI flow from bypassing the core and flowing out
the break. The staff review of Topic III-10.C indicated that since the LPCI
loop selection logic was not modified at Millstone Unit No. 1, the primary
concern was not applicable. However, to provide redundancy, the Millstone 1
design incorporated automatic closure of both the suction and discnarge valves
(on the unbroken loop only) upon receipt of a LOCA signal.

Assumed single failure of the loop selection logic system could result in selec-
tion of the wrong loop as the broken loop. Therefore, General Electric Company
recommended, and the staff required that the automatic closure feature on the
suction valve be disabled. This makes break isolation a non-credible event
which does not require analysis: Two independent failures are necessary, i.e.,

closure of the discharge valve in the broken loop (requiring loop selection
logic failure), and closure of the suction valve in the same loop (for example,
by operator error).

With the modification (suction valve closure disconnected), single failure to
close of the discharge valve on the unbroken loop now causes failure of the
LPCI system. However, this LPCI failure has already been taken into account
by the ECCS-LOCA analyses on all BWR-3 plants. No credit is assumed for LPCI
operation on BWR-3 plants, since single failure of the loop selection logic can
cause complete failure of LPCI. Stated another way, the change merely creates
another potential path to a failure that is already accounted for in the ECCS-
LOCA analyses, that is failure of LPCI; however, the change precludes possibi-
lity of an event which has not been accounted for in the analyses, i.e. , break
isolation.

On May 24, 1979, the staff was informed that the LPCI loop selection logic was
being changed to negate the LPCI signal that closes the recirculation line suc-
tion valves. This modification permits the closure of the suction valves by
remote manual action but will remove any automatic closure associated with LPCI
system operation. The staff found the change acceptable.

| 5.6 Residual Heat Removal System (RHR)

5.6.1 Residual Heat Removal (RHR) System Heat Exchanger Tube Failures (SEP
Topic V-10A)

The safety objective of this review was to assure that impurities from the

|
cooling water system were not introduced into the primary coolant in the event 1

'

of shutdown cooling system heat exchanger tube failure. This was expanded to l

include adequate monitoring to assure no leakage of radicactive material in j
the other direction - into the service water and thus to the environment.

The bases for the review included: (1) the NRC's Standard Review Plan
(SRP) 9.2.1, which requires that the service water system include the capability
for detection and control of radioactive leakage into and out of the system and
prevention of accidental releases to the environment; (2) SRP 9.2.2, which re-
quires that auxiliary cooling water systems (such as the shutdown cooling system)
include provisions for detection, collection and control of system leakage and
means to detect leakage of activity from one system to another and preclude its
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release to the ervironment; and (3) SRP 5.2.3, which discusses compatibility of
materials with reactor coolant and requires monitoring and sampling of the pri-
mary coolant system. These Standard Review Plans were used only for comparison
of Millstone 1 against today's criteria and not as licensing requirements waen
the plant incorporates other equally viable means of accomplishing the stated
goals. The primary coolant is cooled by intermediate water which in turn is
cooled by plant service water (salt water).

The primary coolant passing through the shutdown cooling system heat exchangers
is at a pressure of approximately 150 psig at the heat exchanger inlet, 140 psig
at the outlet. The shutdown cooling system (SCS) heat exchangers are cooled by
reactor building closed cooling water (RBCCW) flow at a pressure of approximately
60 psio at the inlet and 50 psig at the outlet. Thus, it is evident that under
normal conditions flow through leaking tubes would be in the direction of the
RBCCW system. There is a requirement, both in the Millstone 1 Technical Speci-
fications (3.6.C and 4.6.C) and in the plant procedures, to sample reactor cool-
ant every four hours during the startup and at steaming rates less than 80,000
pounds per hour. The samples must be analyzed for conductivity and chloride.
The Millstone 1 reactor coolant system includes a continuous conductivity moni-
tor which would alert the operators to a highly unlikely contaminant intrusion
from RBCCW or to a breakthrough in the feedwater system ion exchangers. The
technical specifications also require, during operation at steaming rates greater
than 80,000 pounds per hour, a reactor coolant sample for conductivity and
chloride every 96 hours and any time that the continuous monitor indicates ab-
normal conductivity for more than one minute.

All SCS components through which the primary coolant flows (including the heat
exchanger tubing) have been designed for 1250 psig at 350 F, according to the
Millstone 1 Final Safety Analysis Report (Ref. 12). This design, plus the inser-
vice inspection requirements required by CFR 50.55.a(g), adds assurance that
the chances of leakage either into or out of the SCS will be minimized.

The RBCCW heat exchangers, through which RBCCW flows at an inlet pressure of
approximately 75 psig (outlet 70 psig), are cooled by the service water system
at a heat exchanger inlet pressure of approximately 10 psig. The RBCCW is
designed to provide leakage detection either into or out of the system (and
thus into or out of SCS/into service water). The means of detecting leakage
from SCS into RBCCW is the combination of a system radiation monitor and the
high level alarm on the RBCCW surge tank. Leakage from RBCCW into either SCS
or service water would be detected by the low level alarm on the surge tank.

In addition to the design features, plant procedures require the weekly sampling
of tne RBCCW system, which includes monitoring hydrazine (used for corrosion
inhibition), pH, conductivity and the volume of water added to the system (an
indication of leakage). Monthly samples monitor activity and chloride.

As a final means of protection of the environment against discharge of radio-
activity, the service water system includes a radiation monitor on its discharge
to alert the plant operators to the highly unlikely leakage of any combination
of the SCS heat exchangers (or any other radioactivity - carrying component
cooled by RBCCW) and the RBCCW heat exchangers.

The staff concluded that the chances of radioactive leakage to the environment
were minimized by the design of the SCS and the RBCCW system and the included
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radioactivity monitors and that the chance of undetected leakage into the pri-
mary coolant system is acceptably small. The staff therefore concluded that
Millstone Unit No. 1 satisfied the NRC requirements.

i

5.6.2 RHR System Reliability (SEP Topic V-108) l

The safety objective for this topic was to ensure reliable plant cooldown capa- i

bility using safety grade equipment subject to the guidelines of SRP 5.4.7 and
BTP RSB 5-1. The Millstone 1 systems were compared with these criteria. The
staff concluded that the Millstone 1 systems met the topic safety objective
with the following comments:

The Shutdown Cooling System is not considered to be a safety grade system,
but the ECCS systems, including isolation condenser, FWCI, ADS, LPCI, and
Core Spray, can be used for reactor cooldown. (MP-1 Probabilistic Safety

Study - NNECO Ltr July 10, 1985).

Component redundancy and single-failure proof requirements are not met in*

the case of the shutdown cooling system, in that failure of the AC powered
suction valve inside containment would result in loss of the system, but

the ECCS systems would be available.

Component redundancy (and single-failure proof) requirements are also not*

met in the case of the isolation condenser. The single supply (steam) and
return (condensate) lines each include an AC powered isolation valve which
is inside containment. However, these valves are normally open and fail
open on loss of electrical power. It wou,1d take simultaneous spurious
isolation of the condenser and loss of the power supply to create any pro-

blem. If this highly-unlikely scenario were to occur, the ECCS systems
would be available.

No procedure existed to perform a shutdown and cooldown to cold conditions*

with the systems identified. However, the licensee has since developed
and implemented such a procedure.

5.6.3 RHR System High and Low Pressure Isolation and Interlocks (SEP
Topics V-11A/B)

The shutdown cooling system (SDCS) at Millstone was designed to withstand
reactor coolant system (RCS) design pressure. Therefore, the isolation valve

interlocks required by BTP RSB 5-1 are not applicable. The isolation valves
have interlocks to prevent opening and to automatically close when RCS temper-

|
ature exceeds the 350*F design temperature of the SDCS.

A bypass line provides a flow path from each SDCS pump discharge to its suction
: to provide the necessary flow to prevent pump overheating due to a discharge
! isolation valve being closed. Cavitation protection is provided by the inter-

lock which trips the pumps (and prevents their starting) if the suction
pressure falls below 4 psig. A temperature interlock also protects the pump
from overheating by tripping the pump if the temperature is greater than or
equal to 350 F.

There are no requirements in the Millstone 1 Technical Specifications for
testing the SDCS interlocks and isolation circuitry during SDCS operation. The

i
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! electrical circuitry is not designed to permit testing while the system is
operating without a momentary interruption in system operation. Although
licensed prior to the issuance of RG 1.68, concerning preoperational and
startup testing, Millstone 1 conducted such tests and has demonstrated SDCS
operability on several occasions as noted by the SEP Review of Safe Shutdown
Systems.

The SDCS does not meet the current licensing criteria of BTP RSB 5-1 in accor-
dance with SEP Topics V-10.8 and V-11.A, in that the SDCS is not considered to
be a safety grade system and is subject to single failure of the valves inside
containment. The SDCS does meet the criteria of SEP Topic V-11.8 in that the
SDCS is designed for fuTT reactor pressure but less than full reactor tempera-
ture (for which temperature interlocks have been provided) and is therefore
acceptable.

5.7 Feedwater and Control Rod Drive Return Line Nozzle Cracking

Inspections at boiling water reactor (BWR) plants in the United States that
have feedwater nozzle /sparger systems disclosed some degree of cracking in the
feedwater nozzles of the reactor vessels. Similar cracking has occurred in BWR
control rod drive return line nozzles.

Feedwater is distributed through spargers that deliver the flow evenly to assure
proper jet pump subcooling and help maintain proper core power distribution.
An essential part of the sparger is the thermal sleeve, which projects into the
nozzle bore and is intended to prevent the impingement of cold feedwater on the
hot nozzle surface. This surface is usually heated to essentially reactor water
temperature by the returning water from the steam separators and steam dryers.
However, bypass leakage past the thermal sleeves allows relatively cold feed-
water to impinge on the hot nozzles. The feedwater, when heated during power
operation by extraction steam from the main turbine, is typically about 100 F
to 200 F colder (depending on reactor design) than the reactor water. When the
feedwater heaters are not in service, as during startups and shutdowns, the
differential could be equal to or greater than 400 F. The bypass leakage past
a loose thermal sleeve causes a fluctuation in the metal temperature of the
feedwater nozzle and results in metal fatigue and crack initiation. The cracks
are then driven deeper by the larger temperature and pressure cycles associated
with startups, shutdowns, and certain operational transients.

All repaired feedwater nozzles at Millstone-1 and other BWRs have met the
requirements and limits of the American Society of Mechanical Engineers (ASME)
Boiler and Pressure vessel code. No additional action was necessary since only
relatively small amounts of base metal have been removed by repair operations.
The removal of cladding, as a means of minimizing crack initiation, has not
altered the safety nargins because the clad thickness is not considered in ASME
Code reinforcement requirements.

NUREG-0619 "BWR Feedwater Nozzle and Control Rod Drive Return Line Nozzle Crack-
ing" dated November 1980 describes the technical issues, the independent tech-
nical evaluations performed by the staff and the General Electric Company (GE),
and the staff's technical positions and plans for continued implementation of
the technical positions.
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5.8 Reactor Water Cleanup System

The RWCU system takes suction on the RCS, cools the water by circulation through
regenerative and non-regenerative heat exchangers, and lowers the water pres-
sure by the use of a pressure control valve. After passing through the low
pressure filter and cleanup portions of the system, the water is pumped at high
pressure through the regenerative heat exchanger and back to the reactor via
the feed line. The suction side of the system has three motor-operated isola-
tion valves, an inboard valve, a pump suction valve, and a pump bypass valve.
Isolation on the ' discharge side is provided by a MOV and a check valve. The
MOVs cannot open if the pressure in the low pressure portions of the system is
higher than its designed pressure. They will automatically close on high RWCU
system temperature, low flow, high RWCU system pressure, low reactor level,
high drywell pressure, or loss of control power. However, the interlocks for
these valves all use the same sensors and relays. Each MOV has position indi--
cation in the control room.

Isolation provisions of the RWCU system do not meet the current licensing cri-
teria since the interlocks for the isolation valves are not independent as
required by BTP EICSB-3.

The licensee committed in Section 4.18 of the IPSAR to install an independent
pressure interlock. As part of ISAP, the licensee will reevaluate the merits
of this proposed modification.
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6 ENGINEERED SAFETY FEATURES (ESFs)

ESFs are provided to reduce the consequences of postulated accidents. They
include emergency core cooling systens (ECCSs), steam line restrictors, control
rod velocity limiters, control rod horsing support, standby liquid control sys-
tens, and containment systems. Also included at the Millstone 1 plant are an
emergency diesel generator and an emergency gas turbine generator. The ECCSs
include feedwater coolant injection (FWCI), two core spray sub-systems (css) low
pressure coolant injection / containment coolant subsystem (LPCI), an isolation
condenser, an automatic pressure relief (APR) subsystem.

These ESFs, with the exception of the feedwater equipment, are not necessary for
normal plant operation. During normal operation, when normal auxiliary power is
available, heat is removed from the core through the steam-turbine-condenser
cycle or through the use of the shutdown cooling system. These safety features,
adequately described in the FSAR (Ref. 12), were selectively re-evaluated and
modified where necessary (auto pressure relief, Section 5.1 and isolation con-
denser, Section 5.2, for example).

6.1 Organic Materials and Post-Accident Chemistry (SEP Topic VI-1)

The design basis for selection of paints and other organic materials was not
documented for most operating reactors. Topic V1-1 reviewed the plant design to
assure that organic materials, such as organic paints and coatings, used inside
containment do not behave adversely during accidents when they may be exposed to
high radiation fields. In particular the possibility of coatings clogging sump
screens should be minimized.

Low pH solutions that may be recirculated within the containment after a Design
Basis Accident (DBA) may accelerate chloride stress corrosion cracking and in-
crease the volatility of dissolved iodines. The objective of Topic Vl-1 was to
assure that appropriate methods are available to raise or maintain the pH of
solutions expected to be recirculated within containment after a DBA.

An assessment of organic materials in the containment included the review of

paints and other organic materials used inside the containment including the
possible interactions of the decomposition products of organic materials with
Engineered Safety Features (ESF), such as filters. The assessment of post acci-
dent chemistry included proper water chemistry in the containment spray during
the injection phase following a DBA and methods to raise or maintain the pH of
mixed solution in the containment sump.

By letter dated September 30, 1981, the licensee provided references to the
types and amounts and the environmental testing of organic coating materials
used in the plant. Protective coating systems comprise the bulk of the organic
material (outside of electrical cable insulation) in the containment. Accident
effects'on cable insulation are reviewed under NUREG-1458.

The torus (73,000f ta) and the drywell (20,000f t ) were originally coated with2

zinc rich epoxy primer. This was top-coated with phenolic paint.
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Periodic visual inspections of the paint within the containment revealed that
although the paint in the drywell was performing satisfactorily, paint in the
torus was blistering and peeling. In November 1980, the torus was repainted to
correct this problem. Areas containing loose paint were scraped, wet sanded,
and spot primed with epoxy primer. This primer was qualified for use in the
post-accident environment according to ANSI N5.9-1967 and ANSI N101.5-1970
criteria.

The torus was then repainted with water based epoxy, qualified for use under
DBA conditions. Qualification was conducted to meet the requirements of ANSI
N101.2-1972, Protective Coatings (Paints) for Light Water Nuclear Reactor Con-
tainment Facilities," and N5.12-1974, " Protective Coatings (Paints) for the
Nuclear Industry."

Epoxy and phenolic based paints are among the most radiation resistant, remain-
ing serviceable after radiation dosage in excess of 109 rads. For a severe
Design Basis Accident (DBA), 108 rads would be a conservative dose estimate.
Most paint areas would receive less than 107 rads.

Epoxy and phenolic resins are also stable to temperatures of the order of 300*F
and to mildly acidic or basic aqueous solutions.

On the basis of the above information, the staff found that there is reasonable
assurance that the radiation, thermal and chemical resistance of the organic
coatings used in the plant is sufficiently high that deterioration under DBA
conditions would not interfere with operation of engineered safety features.

Certain small surface areas of plant equipment were coated with industrial coat-
ings whose radiation resistance has not been tested. However, because only small
areas of these coatings are exposed in the containment, the staff concluded that
their failure under accident conditions would not present a significant safety
hazard.

Very small amounts of gas are evolved when aromatic organic compounds of the
types found in radiation-resistant plastics are irradiated. For example, a
phenolic plastic irradiated to a dose of 108 rads produced 3 ml (STP) of gas
per gram of plastic. For the approximately 50 cubic feet of organic coating
existing in the containment, approximately 15 cubic feet of gas would be
generated for the conservatively estimated DBA dose of 108 rads. The gas is

| mostly hydrogen and less than a tenth of it is volatile organic compounds.
The presence of this small amount of organic gases in containment after a DBA
would not interfere with the adsorption of organic iodides by the charcoal

i filters in the standby gas treatment equipment.
,

I
'

The amount of hydrogen from this source is small compared to that which could
( be produced in a DBA from the zirconium-water reaction, from the radiolysis of
i water, or from the reaction of the zinc in inorganic zinc coatings with high
| temperature borated solutions. Hydrogen generation from the latter sources is

reviewed later in Section 6.2.3.

The flaking and peeling of the originally applied paint in the torus indicated
the need for periodic inspection of the protective coatings inside containment.
In the letter of September 30, 1981, the licensee proposed such inspection, and
specified that the inspection and documentation procedures would follow the

i
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. guidelines for the examination of test specimens from weathering and chemical
exposure tests given in ANSI N101.2-1972, ANSI N101.4-1972 and ANSI N5.12-1974.

The licensee committed to inspect the coating during each refueling outage. The
staff found that the proposed inspection procedures and frequency are acceptable
for monitoring the condition of coatings.

Millstone Unit No. 1, uses high purity demineralized water in the reactor vessel
and for post-accident containment spray and core spray. The pressure suppressionpool also contains demineralized water. Post-accident iodine control is accom-
plished through containment integrity and operation of the standby gas treat-
ment system, and does not rely on chemical additive in the containment spray
system.

The licensee indicated that the water in the Condensate Storage Tank and in
the torus of the pressure suppression pool is sampled weekly and monthly, res-
pectively, to ensure that chemical impurities do not exceed the normal plant
operating limits. If necessary, the Condensate Storage Tank ard the torus can
be drained and flushed during maintenance. The sodium pentaborate solution in
the Standby Liquid Control Tank contains less then 0.5 ppm chloride. The non-
metallic thermal insulation materials for t'e austenitic stainless steel compo-
nents inside containment are in compliance with the regulatory positions of
Regulatory Guide 1.36, " Nonmetallic Thermal Insulation for Austenitic Stainless
Steel."

The staff determined that the use of demineralized water in the reactor vessel,
in the post-accident containment and core spray, and in the pressure suppression
pool provides reasonable assurance that, at the onset of an accident, the con-
ductivity, pH, and chloride concentration of the water will remain within the
normal plant operating limits, consistent with the acceptance criteria of Stan-
dard Review Plan Section 6.1.1 for boiling water reactcrs. The chloride content
of the sodium pentaborate solution in the Standby Liquid Control System is also
consistent with the acceptance criteria of Standard Review Plan 6.1.1 for
boiling water reactors. The licensee complies with the provisions of RegulatoryGuide 1.36. Compliance with the regulatory guide provides assurance that the
levels of leachable chloride and flouride in non metallic insulation materials
that come in contact with austenitic stainless steel used in fluid systems impor-
tant to safety, are properly controlled, so that stress corrosion cracking is
not promoted.

Based on the above considerations, the staff determined that proper water chem-
istry can be maintained in the containment spray during injection following a
design basis accident, and in the containment spray and sump water during recir-
culation, to reduce the likelihood of stress corrosion cracking of austenitic
stainless steel in engineered safety feature materials after the accident.

The staff therefore concluded that the organic materials used in the plant are
acceptable and will not interfere with the operation of required safety features.
6.2 Containment Systems

The containment system includes the primary containment which is a pressure
suppression system, and the secondary containment which is the reactor building.
The primary containment consists of a drywell, which encloses the reactor vessel

Millstone - FTOL SER 6-3



. - - - _ . . . .

1

and primary coolant system, a pressure suppression chamber about half filled |
with water, a connecting vent system between the drywell and suppression cham-
ber, isolation valves, containment cooling systems, and other service equipment.
The reactor building completely encloses the reactor and the primary containment
system to provide secondary containment. The primary containment is normally
inerted during operation, i.e., insufficient oxygen to sustain combustion.

6.2.1 Containment Structural Integrity Tests (SEP Topic III-70)

To assure that the containment structure responds satisfactorily to the postu-
lated design pressure loads, a program of measurements, namely the Containment
Structural Integrity Test Program, was required. The program was to demonstrate
the correlation with theoretically predicted responses and provide the adequacy
of the structure with respect to the quality of construction and material. The
scope of this safety topic evaluation was to review the adequacy of the structu-
ral integrity testing procedure used by the licensee and, using current review
criteria as a basis, to evaluate the measurements taken during the test.

'
A review of the static structural integrity testing procedures and the test data
used by the licensee involved searching the docket files. A comparison of the
testing procedures and test results with current requirements was made in order
to assess their adequacy in relation to the safety objective.

,

The primary review document was the " Containment Report", Appendix "0" of the
MP-1 FSAR. The following information was extracted from this document and from

,

the 1971 and 1980 editions of the ASME Boiler and Pressure Vessel Code.
! The drywell, suppression chambers and interconnecting vent system were con-

structed in accordance with the 1965 ASME Boiler and Pressure Vessel Code,

| (ASME-B&PV). All materials, design, fabrication, inspection, and testing were,
as stated in the Containment Report (Appendix D of the MP-1 FSAR), in accor-
dance with Section III, Subsection B of that code. The drywell, suppression
chamber and interconnecting vent system were constructed of ASTM-A516, grade 70
steel (ultimate stress = Su = 70 ksi, Yield Stress = Sy = 38 ksi, Allowable
Stress = S = 17.5 ksi). A maximum internal design pressure of 62 psig at 281 F
was specified under accident conditions. The drywell, suppression chamber and
interconnecting vent system were subjected to a pneumatic test pressure of 71.3
psig (1.15 x design pressure) in June 1967. The test was conducted once with 1

the system dry and again with the suppression chamber partially filled with
,

water. For the test loading the allowable stresses were listed in the Contain-
ment Report as follows: ;

General Primary Membrane Allowable Stress = 1.1 x 17.5 = 19.25 ksi-

)
Primary Membrane (general plus local) plus Primary Bending Allowable |-

Stress = 1.5 x 19.25 = 28.88 ksi

Primary Membrane plus Primary Bending plus Secondary Allowable-

Stress = 3 x 17.5 = 52.5 ksi
i

i
According to the Containment Report, none of these stress intensity levels were
exceeded in the test.'

I
1

1
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The current (ASME - B&PY 1980 Code) criteria for the strength of ASTM-A516,
grade 70 steel is : Su = 70 ksi, Sy = 38 ski and S = 19.3 ksi for class MC ves-
sels. Based on a maximum internal design pressure of 62 psig at 281 F, the dry-

i well, suppression chamber and interconnecting vent system would under current
ASME-B&PV Code Requirements, be subjected to a pneumatic test pressure of
1.1 x 68.2 psi. The ASME-8&PV 1980 Code allowable stresses for the test load-ing would now be:

General Primary Membrane Stress Intensity = 0.75 x 38 = 28.5 ksi-

Primary Membrane plus Primary Bending Stress Intensity = 28.5 ksi (for the-

; most conservative requirement)

Primary Membrane plus Primary Bending plus Secondary stress intensity is
-

not directly stated (NE 6322) however, Table 3.8.2-1 of the NRC Standard
Review Plan indicates that an appropriate value would be 3 x 19.3 = 57.9 ksi

i From the above information it is noted that the static test loading / stress in-
tensity requirements were the same or conservative in comparison to current
standards.

The test procedure with respect to test duration and temperature was conservative
in comparison to current ASME-8&PV requirements.

!

j Based on the review, the staff concluded that the static structural integrity
test procedures and results were conservative with respect to current require-
ments. No significant deviations in the test procedures were noted from current,

requirements.

6.2.2 Containment Isolation System and Leak Testing (SEP Topics VI-4 and VI-6)

These topics (Ref. 5) concern the adequacy of containment integrity during acci-
dent conditions. Because of the small size and (relatively) low design pressure
of the Millstone-1 containment the pressure generated by steam and noncondensible

i gases during a postulated core melt will fail the containment if no other failure
mechanism occurs first. The dominant portion of the risk from nuclear power
plants is from core melt accidents, not other (low consequence) releases such
as those due to non-core-melt accidents. Because of the characteristics and
relative consequences of leakage releases and containment ruptures by overpres-
sure, nc benefit can be achieved by increasing the reliability of isolation of
the containment since it will fail by overpressure anyway. The staff concluded
therefore that neither of these issues has any effect on core melt frequency,

j exposure, or risk.

Nevertheless, all of the containment penetrations and the isolation capability
were reviewed (SEP Topic VI-4). The results of the staff review are presented

! in the topic evaluation (October 8, 1982) and in Section 4.20 of NUREG-0824.
This review concluded that for lines with remote manual isolation valves,
leakage detection capability and appropriate procedures should be provided.
Based on a license submittal dated February 23, 1983 a staff SER (Topic VI-4)-

i dated July 7, 1983, concluded that adequate detection devices exist in the form
of pressure and flow indications, surge tank levels, and sump alarms for the'

lines in question. These alarms and the operating station for the valves in
question are located in the control room. Thus, operation of these valves is
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possible during an accident. Additionally, plant procedures exist which
describe the circumstances under which these lines should be isolated. Exemp-
tions to the requirements of Appendix J to 10 CFR Part 50 " Primary Reactor
Containment Leakage Testing For Water-Cooled Power Reactors" were granted by
NRC letter dated May 10, 1985 (Ref. 42). A draft safety evaluation of " Pump
and Valve Inservice Tecting Program" for the second 10 year inspection interval
was issued May 1985. (Ref. 43) Amendment No 94 (Ref. 44) dated December 19,
1983 " Integrated Containment Leak Rate Test of Duration Less Than 24 Hours"
changed the technical specifications to allow completion of containment leak
rate tests without a time constraint, i.e., eliminated test duration of at least
24 hours.

By letter dated April 17, 1985, notwithstanding SEP review (Topics VI-2D and
,

VI-3) of the energy released within containment during design basis accidents,'

the NRC noted that the calculated containment pressure / temperature profiles
could not be determined acceptable for qualification of electrical equipment
inside containment on the basis of existing information and requested further
evaluation. The staff based its concern on small steam line breaks inside con-
tainment that could result in superheated containment steam temperatures. How-
ever, this matter was resolved by staff safety evaluation report on " Environ-
mental Qualification of Electrical Components Important to Safety" dated July 30,
1985.

J

6.2.3 Combustible Gas Control (SEP Topic VI-5)

The SEP topic VI-5 concerned the potential for combustible gas conditions, i.e.,

hydrogen production in the post accident conditions due to zirconium water
reaction, water radiolysis, and corrosion of metals. As amended on December 2,
1981, 10 CFR 50.44, " Standards for Combustible Gas Control System in Light-
Water-Cooled Power Reactors" delineated the requirements to prevent the accumu-
lation of combustible gases in containment following design basis accidents.
Generic Letter 84-09 dated May 8,1984 noted the Commission determination that
inerted Mark I BWR containments (for which notices on the construction permits
were published before November 5, 1970) that do not rely upon safety grade
purge /repressurization systems as the primary means of hydrogen control pro-
vided the following criteria are met:

(1) The plant has technical specifications (limiting conditions for operation) i

requiring that, when the containment is required to be inerted, the con-
tainment atmosphere be less than four percent oxygen, and

(2) The plant has only nitrogen or recycled contair. ment atmosphere for use ini

all pneumatic control systems within containment, and j

(3) There are no potential sources of oxygen in containment other than that |
| resulting f rom radiolysis of the reactor coolant.

i

Amendment No. 101 to Provisional Operating License No DPR-21 for Millstone !
'Nuclear Power Station, Unit No. I dated November 1, 1984 changed the technical:

! specifications to limit the oxygen concentration, during normal reactor opera-
tion, to 4%. The basis for the change had been submitted earlier by NNECO let-
ter dated August 6, 1982. The staff, therefore, concluded that the requirements
for containment combustible gas control are satisfied. |

|

l
|

|

Millstone - FTOL SER 6-6 |

| - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - - - _ _ -



__

TMI item II F 1.6 Containment Hydrogen Monitor (Ref. 45) requires that a con-
tinuous indication of hydrogen concentration in the containment atmosphere be
provided in the control room. The staff safety evaluation dated July 30, 1984
concluded that the containment hydrogen monitor installed at Millstone-1 to
meet Regulatory Guide 1.97 satisfies all the requirements except for redundancy.
By letter dated October 24, 1984 the licensee responded to the staff evaluation
and reiterated the logic for only one hydrogen monitor. The essential ingred-
ient of this logic is containment inerting for combustible gas control. During
a telephone conference call on February 25, 1985, the NRC staf f informed licensee
representatives that there was insufficient information
concerning:

Beyond DBA hydrogen monitoring capability-

Hydrogen Monitoring System (HMS) Reliability and Operability requirements-

Energency Procedure Guidelines relating to the HMS and-

Hydrogen generation risk considering deinerting and reinerting periods.-

By letter dated July 5, 1985 the licensee provided additional clarifying
information and a commitment to respond to the staff concerns by
August 30, 1985.

6.2.4 Primary Containment Structural Improvements

NUREG-0661 " Safety Evaluation Report - Mark I Containment - Long Term Program"
dated July 1980 describes the NRC staff's evaluation of the generic criteria
and analysis techniques proposed by the Mark I Owners Group for the measurement
of the suppression chamber (torus) desi ns of BWR facilities with the Mark I0
containment design. The results of this evaluation were applied by a Millstone-1
plant unigue analysis. The plant-unigue analysis identified the plant modifi-
cations that were necessary to restore the intended margins of safety in the
containment design. In this manner, the f unctional performance of the contain-
ment system was assured for both loss-of-coolant accident (LOCA) and safety-
relief valve (SRV) discharge suppression pool hydrodynamic loading conditions.

The reassessment of facilities with the Mark I (Millstone-1 primary containment
is the Mark I design) containment system design was required because, during
the large-scale testing of the newer Mark III containment system, suppression
pool hydrodynamic loads associated with a postulated LOCA were identified which
had not been considered in the original design of the Mark I systems. These
newly identified loads result from the dynamic effects of drywell air and steam
being rapidly ferced into the suppression pool during a postulated LOCA. Air
injection results in a pool swell event of short duration in which a layer or
slug of water rises and impacts structural components above the pool. Subse-
quent steam injection results in oscillatory condensation loads as a result of
the rapid formation and collapse of steam bubbles in the pool. SRV discharge
to the suppression pool from the primary system results in similar hydrodynamic
loading conditions.

The Mark I Containment Owners Group conclude 1 the generic aspects of the long-
term program by submitting the Mark I Containment Program Load Definition Report
and the Mark I Containment Program Structural Acceptance Criteria Plant-Unique
Analysis Applications Guide. These reports describe the generic suppression
pool hydrodynamic load definition and assessment procedures proposed by the
Mark I Owners Group for use in plant-unique suppression chamber design analyses.
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The prtipesed procedures were derived from a series of experimental and analyti-
cal programs specifically conducted for that purpose.

The staff reviewed the experimental and analytical prcgrams conducted by the
Mark I Owners Group, as well as information produced by related NRC research
programs. Based on this review, the staff concluded that the proposed generic
suppression pool hydrodynamic load definition techniques, as modified by the
staff's requirements provide conservative estimates of the dynamic loading
conditions resulting from LOCA and SRV discharge events.

The only exception concerned the lack of an acceptable definition of the down-
comer " condensation oscillation" loads. The staff required that the Mark I
Owners Group develop an acceptable load definition procedure for " tied" down-
comers, based on full-scale test facility (FSTF) measurements, that adequately
segregates the dynamic loading components in the downcomer-vent header connec-
tion and in the tie-bar.

In aodition, the staff identified confirmatory requirements for additional FSTF
testing to establish the uncertainty (i.e., relative error) in the magnitude of
the " condensation oscillation" loads, and for analyses to establish the effects
of compressibility on the magnitude of pool swell loads derived from scale test-
ing facilities.

,

By letter dated September 12, 1984, the staff determined that except for some i

selected items still undergoing review all of the modifications to the ,

Millstone-1 primary containment have been made in accordance with the generic
acceptance criteria contained in Appendix A of NUREG-0661. On this basis the
staff, included that the licensee's analysis verifies that the modifications
have strengthened the containment sufficiently to meet the originally intended
design safety margins for the Millstone-1 Mark I containment.

6.3 Emergency Core Cooling Systems

As noted in the FSAR (Ref 12) the emergency core cooling system is automat-
ically placed in operation whenever a loss of coolant condition is detected.

6.3.1 Emergency Core Cooling System Actuation System (SEP Topic VI-7A.3)

The staff evaluation resulted in two issues:

Testing of Core Spray System Pump Space Coolers that cool the corner rooms-

in the reactor building

Testing of the Emergency Service Water System (ESWS)-

The licensee provided information by letter dated December 3, 1982, to demons-
trate that ventilation is not required in the corner rooms of the reactor
building to ensure core spray and LPCI pump operability. The basis for this
conclusion relied on tests that were performed during initial plant start-up.
The staff reviewed this information and transmitted the results of this review
to the licensee by letter dated July 5, 1983. Even though worse conditions
than those used in the test are possible, such conditions coincident with the

i need for this equipment are unlike1; Additionally, a redundant train of

|
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equipment serviced by a separate cooling system would remain available to per-
form the safety function. The staff concluded that no modifications to the
system are required.

Technical Specification 3/4-5.B establishes limiting conditions for operation
and surveillance requirements for the ESWS to maintain a high system availa-
bility. Station Procedure SP 623.19 addresses the testing requirements. SP
506 directs the operator to place the ESWS in operation using OP 322 when the
suppression chamber approaches 90 F and plant electric load conditions permit.
Since the ESWS is periodically tested and the operator will have sufficient
time and information to start the system manually, the staff concluded that the
issue is resolved.

4

6.3.2 Core Spray Nozzle Effectiveness (SEP Topic VI-7.A.4)

Information derived from Japanese core spray tests suggested that the central
fuel bundles of cores with emergency core spray spargers and nozzles like
Millstone-1 may not receive sufficient core spray during and following design
basis accidents. The staff evaluated the related information and concluded
that the Japanese data do not provide a basis for changing the original staff

, conclusion that core spray flows for Millstone-1 are not less than the minimum
i flow required for core spray heat transfer. The staff concluded that spray

distribution adequacy is not a safety concern for the following reasons:

a. The Millstone-1 spray nozzle design is different from the nozzle used in
the Japanese tests.

b. Even though there is no core spray test data in a steam condition for the
Millstone-1 configuration, a BWR/6 30 sector steam test and 360 full-
scale tests in an air environment performed in the U.S. indicate that the
core spray overlaps the center bundles, causing high flow rate over the
central region of the core. As a result, flow to each bundle is not less
than the minimum spray flow required for core spray heat transfer as noted
above.

In a conversation with the staff, GE noted that analyses showed that forc.
limiting cases for a Millstone-1 design with core spray assumed to flow,

i down peripheral channels to increase the reflood rate, as observed in the
Lynn test, the calculated peak clad temperature did not exceed the 10 CFR
50.46 limit of 2200*F with no credit taken for the spray cooling effect.

|

Based on the above considerations, the staff concluded that the core spray|

distribution is not a safety concern for Millstone-1.

| 6.3.3 Appendix K - Electrical Instrumentation and Control Re-reviews
(SEP TOPIC VI-7.C.1)

The purpose of SEP Topic VI-7 C.1 was to re-review the modified Emergency Core i

Cooling System (ECCS) to confirm that the system design meets the most limiting
single failure. Redundant load groups and the redundant standby electrical

| power sources shculd be independent ut least to the following extent:
i

; (1) No provisions should exist for automatically connecting one load group to
another load group.
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(2) No provisions should exist for automatically transferring loads between
redundant power sources.

(3) If means exist for manually connecting redundant load groups together, at
least one interlock should be provided to prevent an operator error that
.would parallel their standby power sources.

|

The limited PRA for this topic was performed in conjunction with SEP Topic !

VII-3. The issue in SEP Topic VII-3 relates to the existence of a single
instrument ac bus instead of redundant buses so that the failure of this single
bus may result in the loss of essential instrumentation or controls needed to
reach safe shutdown. Although not identified in the SEP topic list, the PRA

,

review concluded that because of the interrelationship of the instrument ac bus '

and the vital ac power source, diverse instrumentation and vital ac power
,

systems were considered along with the removal of the automatic bus transfers !

(ABTs) in the remainder of the ac power system (480-V ac bus transfers) and the "

removal of all de system manual bus transfers. The PRA concluded that the ;

above changes resulted in a reduction in core-melt frequency of 10% with a i

corresponding reduction in risk of 14%. The dominant contributor to this risk
reduction was redesign of the instrument ac power system to provide redundant
instrument ac buses. Redesign of the vital ac power system to make it more ,

reliable and removal of the ABTs had no impact on risk. Removal of the ABTs
alone may increase risk because the instrumentation system was subject to the
failure of the remaining power supply. However, implicit in the removal of an |
ABT is the requirement to provide redundant trains of safety equipment. The '

staff identified the following issues:
,

Automatic Bus Transfers !
.

Buses 2A-3NE, 2-3NE, and 22A-1, the 120-V ac instrument bus IAC-1, and the
120-V a vital bus VAC-1 are supplied from automatic transfer switches
that can transfer loads between redundant sources. The staff required
that the licensee evaluate the ABTs and identify any necessary corrective
action.

The licensee responded by letter dated April 12, 1983, which was revised
by letter dated December 6, 1983, and identified actions such as breaker
coordination to resolve the issue. In that lettar, the licensee stated
that a project is currently underway at Millstone-1 to document the cir-
cuit breaker coordination. The licensee submittal dated February 7,
1985 propc sed to continue this effort ac part of the Integrated Safety
Assessment Program (ICAP). This study will include consideration of the
need for a redundant instrument ac bus.

Manual Bus Transfers-

.

The staff identified three load centers that are manually transferred
between redundant sources. Although they are under administrative
control, there are no interlocks to prevent operator error that would
parallel the emergency sources.

By letter dated April 12, 1983, the licensee concluded that the present
configuration combined with the fact that the plant operates with the
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j
i

4 emergency transfer source deenergized provides an adequate level of in-
dependence between the DC systems. The staff will complete the review of
manual bus transfers after the information on ABTs is provided.

I
~

6.3.4 Testing of Reactor Trip System and Engineered Safety Features, Including
Response Time Testing (SEP TOPIC VI-10A)

The reactor protection system must be designed to permit periodic testing of,

its functioning, including a capability to test channels independently.

During the staff review, the following aspects were highlighted:
.

Surveillance Frequencyi -

For the reactor trip system at Millstone-1, three signals, average power
|

3
'

range monitor (APRM)-flow biased high flux, APRM-reduced high flux, and ;
i intermediate range monitor (IRM) are not subjected to a chs inel check as

frequently as normally required. The high steam line radiation signal is
| not subjected to a channel functional test as frequently as normally re-

quired, and the APRM-reduced high flux signal is not calibrated as
_

frequently as normally required.
4

{ The PRA performed for these signals using existing test frequencies at!

Millstone Unit I revealed that these system components did not contribute
i to the dominant failure mechanisms of the reactor protection system (RPS).
j Rather, the RPS failure probability is dominated by common-mode mechanical
! failures. The PRA did conclude, however, that the increased testing
| required by the STS as compared with Millstone Unit 1 testing procedures
| would lower the failure probabilities of the affected instrumentation.
!

: Millstone Unit 1 operating procedures and Technical Specifications did not
; include provisions for performing channel check on APRM-flow biased or

APFM-reduced high-flux channels or channel checks every 8 hours on the
intermediate range monitors.

The licensee has modified the operating procedures to include channel
checks on the above channels every 8 hours. Also, the licensee proposed

. in the IPSAR to evaluate the potential improvement in APRM reifability
| associated with calibrating the APRMs according to current criteria '

defined in the GE Standard Technical Specifications.

Channel Functional Test Frequency

| For the following channels, a c.hannel functional test is required to be
performed monthly by plant Technical Specifications. The Technical

;Specifications allow reduction to a quarterly test frequency, provided a 1

certain level of satisfactory operational reliability is achieved; ji

however, the licensee has not yet exercised this option.
i

(1) high reactor pressure :
(2) high drywell pressure
(3) low reactor water level
(4) high water level in scram discharge
(5) main steam line isolation valve closure
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(6) turbine stop valves closure

(7) manual scram
(8) turbine control valves fast closure
(9) APRM-flow biased high flux

Present test intervals as given in the Millstone Unit 1 Technical
Specifications and operating crocedures are the same as those required by
GE Standard Technical Specifications. The Millstone Unit 1 operating |

procedures do not allow a test frequency reduction as do the Technical
Specifications.

The staff did not require modification of the rresent Millstone Unit 1
Technical Specifications because (1) the staff had no philosophical disa-
greement with a reliability-based surveillance interval, (2) present plant
operating procedures meet current criteria testing intervals, and (3) any
change to present operating procedures would constitute a change in accor-
dance with 10 CFR 50.59, which the staff could then review.

Response-Time Testing

There is no requirement to measure the Millstone Unit 1 channel response
time between channel trip and the deenergization of the scram relay.
However, there is assurance that this time would be within the Technical
Specifications limit. The time from initiation of any channel trip, which
is the time a GE type of HFA relay is daenergized, to the deenergization
of the scran relay, which is the time the HFA relay contacts open, is
given by the manufacturer as less tt.an or equal to 14 msec. The licensee
submitted a Technical Specification change request by letter dated
September 9, 1980, to change the required response time from 100 to 50
msec. To support this change, the licensee conducted tests on a number of
channels that determined the response times to be well below 50 msec.

This change was approved by the NRC by Amendment 78 to the license, dated
September 8, 1981. The staff performed a limited PRA of this issue to
estimate the improvement in overall safety if response-time testing of the
reactor protection system (RPS) was required. The results of this PRA in-
dicated that response-time testing has low safety significance. Response-'

time testing is concerned with events on the order of seconds and the PRA
has shown that response times of minutes are sufficient for the RPS actua-I

tion to ensure the success of the subcriticality function in time to allow
other safety systems to prevent core melt. Functional tests are sufficient
to demonstrate function on the order of minutes, and these tests are per-

( formed at Millstone Unit 1. Therefore, the staff concluded that response- ,

'

time testing of the RPS is not required.
l

l

|
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7 INSTRUMENTATION AND CONTROL

The FSAR (Ref 12) describes the instruments and controls for the Millstone-1
plant, i.e.

Reactor Protection Systems

Neutron Monitoring System

Radiation Monitoring Systems

Primary Containment Isolation System

, Refueling Interlocks

Turbine Plant Control System

Process Computer System and Rod Worth Minimizer

Items of rela'ted interest are presented in the following subsections.

7.1 Isolation Of Reactor Protection System From Non-Safety Systems, Including
Qualification Of Isolation Devices (SEP Topic VII-1. A)

Non-safety systems generally receive control signals from the *eactor protection
i system (RPS) sensor current loops. The non-safety circuits are required to

have isolation devices to insure the independence of the RPS channels. Require-
ments for.the design and qualification of isolation devices are quite specific.
Recent operating experience has shown that some of the earlier isolation devices
or arrangements at operating plants may not be effective. The objective of the
staff review was to verify that operating reactors have RPS designs which pro-
vide effective and qualified isolation of non-safety systems from safety systems
to assure that safety systems will function as required.

Based on current licensing criteria and review guidelines, the plant reactor
protection system complies with all current licensing criteria listed in Sec-
tior 2.0 of the safety evaluation issued by letter dated June 4, 1981 except
for the following:

IEEE Standard 279, Section 4.7.2, requires isolation devices between
RPS and control systems. There are no isolation devices between the
nuclear flux monitoring systems and the process recorders and indi-
cating instruments.

Isolation devices are not provided to isolate the APRM system from
the process computer.

The power supplies for the RPS channels do not qualify as IE equipment.
1

Isolation between each RPS channel and its respective power supply is
inadequate.
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By letter dated January 31, 1984, the licensee supplied the results of their,

test for isolation and their bases for concluding that modifications are not
warranted. In summary, the licensee concluded that isolation between the
components does not exist but noted that the probability of hot shorts of 125V
DC or 120V AC is remote and that electrical failures due to inadequate isola-
tion do not contribute significantly to the overall RPS failure probability.
This issue is being evaluated as part of the ISAP.

7.2 Engineered Safety Features (ESF) System Control Logic And Design
(SEP Topic VII-2)

During the staff review of the Safety Injection System (SIS) reset the staff
determined that the Engineered Safety Features Actuation Systems (ESFAS) at
both PWRs and BWRs may have design features that raise questions about the
independence of redundant channels, the interaction of reset features and in-
dividual equipment controls, and the interaction of the ESFAs logic that con-
trols transfers between on-site and off-site power sources. Review of the
as-built logic diagrams and schematics, operator action required to supplement
the ESFAS automatic actions, the startup and surveillance testing procedures
for demonstrating ESFAS performance appeared to be required.

There were several specific concerns with regard to the manual SIS reset fea-
.ture following a LOCA, i.e. (1) loss of offsite power after reset requiring
operator action to remove normal shutdown cooling loads from the emergency bus,

and re-establish emergency cooling loads. (Time would be critical if the loss
of offsite power occurred within a few minutes following a LOCA.) (2) loss of
offsite power after reset preventing restart of some essential loads such as
diesel cooling water. (3) loss of ECCS delivery for some time period before
emergency power picks up the ECCS system. It was also decided to review the
ESF system control logic and design, including bypasses, reset features and
interactions with transfers between onsite and offsite power sources.

As a result of the staff's review of the scope of the several related generic
efforts and the other SEP Topics, it was concluded that the only area that had
not been covered was the independence of redundant logic trains. Independence
might be compromised by sharing input signals and the use of common controls
such as mode switches, reset switches, and logic test facilities.

| A description of the isolation devices employed in Millstone 1 and a compari-
son with current design criteria are presented in Report EGG-EA-5724, "Engi-7

neered Safety Features (ESF) System Control Logic and Design," transmitted by
letter dated February 1, 1982.

By letter dated June 8, 1982, the licensee certified the results of isolation
testing conducted on the main steamline radiation monitors. Tests included l

short circuits, 120 V ac, and 125 V.dc (both polarities) applied to the non-
safety wiring. Changes in setpoints in the conservative direction were the
only detected effects. The licensee also reported that this wiring is not
subjected to potentially higher voltages.

As a result of the testing by the licensee and the June 8, 1982 licensee certi-
fication letter of separation the staff concluded that Millstone Unit 1 conforms
to current licensing criteria and the concerns of SEP Topic VII-2 are resolved. !

!

I
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7. 3 Systems Required for Safe Shutdown (SEP Topic VII-3)

The systems aspects of the Systems Required for Safe Shutdown were reviewed in
Section 5.6.2. The following is limited to the electrical, instrumentation,
and control systems required for safe shutdown. Plant systems needed to
achieve and maintain a safe shutdown condition of the plant, including the
capability for prompt hot shutdown of the reactor from outside the control
room, are reviewed. Included also, is a review of the design capability and
method of bringing the plant from a high pressure condition to low pressure
cooling assuming the use of only safety grade equipment. The objectives of the
review are to assure:

(1) The design adequacy of the safe shutdown system to (a) initiate auto-
matically the operation of appropriate systems, including the re-
activity control systems, such that specified acceptable fuel design
limits are not exceeded as a result of anticipated operational occur-
rences or postulated accidents and (b) initiate the operation of sys-
tems and components required to bring the plant to a safe shutdown.

(' ) That the required systems and equipment, including necessary instru-
mentation and controls to maintain the unit in a safe condition during
hot shutdown, are located at appropriate places outside the control
room and have a potential capability for subsequent cold shutdown of
the reactor using suitable procedures.

(3) That only safety grade equipment is required to bring the reactor
coolant system from a high pressure condition to a low pressure cool-
ing condition. The scope of this review includes the instrumentation,
control, and electrical features necessary for operation of the
identified safe shutdown systems. The review considers the systems
for operability with and without offsite power and the ability to
operate with any single failure.

The following is for reference purposes:

INSTUMENTATION (including support structures)

1. REACTOR LEVEL
2. REACTOR PRESSURE
3. REACTOR TEMPERATURE
4. REACTOR PROTECTION SYSTEM
5. NEUTRON MONITORING (including in-core monitoring)
6. AREA AND SYSTEM RADIATION MONITORING

SYSTEMS (includes pumps, valves, control, indication, and support
structures)

1. SHUTDOWN COOLING SYSTEM
2. REACTOR BUILDING CLOSED COOLING WATER (RBCCW)
3. SERVICE WATER SYSTEM (SWS)
4. LOW PRESSURE COOLANT INJECTION SYSTEM (LPCI)
5. CONTAINMENT SPRAY SYSTEM
6. CORE SPRAY
7. EMERGENCY SERVICE WATER SYSTEM (ESW)
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8. ELECTRO-PNEUMATIC RELIEF VALVE (AUTOMATIC PRESSURE RELIEF SYSTEM)
'9. ISOLATION CONDENSER

10. FEEDWATER COOLANT INJECTION SYSTEM (FWCI)
11. CONTROL ROD DRIVE SYSTEM (scram function and level control

during hot standby)
12. VESSEL HEAD COOLING SYSTEM
13. REACTOR WATER CLEAN UP SYSTEM (RWCU) (core excess inventory)

7.3.1 Instrumentation

The SEP review of Safe Shutdown Systems identified the instrumentation avail-
able in the control room necessary to bring the reactor from the hot shutdown
to cold shutdown condition. This review included the nuclear instrumentation,

since this instrumentation must be monitored to ensure the reactor achieves and
maintains shutdown conditions. Various system parameters, such as pump running
or valve position indications, were not included in the list of safe shutdown
instruments, because indication is provided by the control / operate circuitry.
Availability of control / operate circuitry to run the system also means avail- i

ability of the required indication. Similarly, if the control / operate circuitry |
is unavailable such that system operation is not possible, then system indica-
tion is not mandatory.

The nuclear instrumentation, providing indication of each range of power level,
is powered from two independent 24V DC buses, the Vital AC bus (VAC), the
Instrumentation AC bus (IAC), and two independent Reactor Protection AC buses.
There are no single failures that would result in the loss of all power sources
to the nuclear instrumentation.

The instrumentation providing indication of critical reactor parameters (level,
pressure, and temperature), are powered from independent 125 VDC sources, the
VAC bus, and the IAC bus. There are no single failures that would result in
the loss of all power sources to these instruments. The loss of the IAC bus
would result in the loss of temperature recorders. However, temperatures could
be determined from direct reading pressure indicators, located outside
containment, with the use of appropriate tables.

| Indication of Service Water, Emergency Service Water, Feedwater Coolant Injec-
I tion, Core Spray, Isolation Condenser, Shutdown Cooling, and Low Pressure Cool-

ant Injection system parameters such as flow, temperature level, and pressure|

| available in the control' room are powered by the IAC bus. While loss of the

j IAC bus would cause a loss of these indications, each of these systems (except
i for the Isolation Condenser System) has direct reading indicators available at
| local control stations. Status =of flow for some systems such as LPCI can be

inferred from the pump running / valve open indicators (not powered by the AC
instrument bus) and by reactor parameters of level, pressure, and temperature.

(
!

The instrumentation necessary for reaching and maintaining cold shutdown at
! Millstone 1 does not meet current licensing criteria since a single failuret

(loss of the IAC bus) would result in loss of indication of flow, temperature,
level, and/or pressure of the systems required to shutdown the reactor and/or
maintain the reactor in shutdown condition. With the exception ~of the Isolation
Condenser System, suitable direct reading local indications are available and
could be used by operators stationed at the local indicators in communications
with the control room.

!
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As discussed under Section 6.3.3, the reliability of the instrument ac bus,
including the automatic power supply transfer is still being evaluated in ISAP.

7.3.2 Safe Shutdown Systems
4

The review of Safe Shutdown Systems identified the systems required for short-
term cooling (immediately after reactor shutdown) and long-term cooling (when
the reactor is cooled to the shutdown cooling system (SDCS) design temperature
limit of 250 F) with only offsite and only onsite power available. *

j Normal short-term cooling is provided by bypassing steam to the main condenser
| via the turbine bypass vaves. The circulating water pumps provide cooling to

remove heat by condensing the steam. The feedwater system then returns the
water to the reactor. This cooling method is available with or without offsite
power. A full feedwater string can be powered by the onsite gas turbine gener-
ator, but this method of cooling, without outside power, could be rendered
inoperative by failure of the 416-volt bus number 1 or 3.

Emergency or alternate short-term cooling involves operation of the Electro-
Pneumatic Relief Valves (EPRV), the Feedwater Coolant Injection Injection Sys-
tem (FWCIS), and the Isolation Condenser System (ICS).

Initial pressure relief is provided by the six EPRVs which operate to prevent
!

overpressurization of the reactor by venting steam into the torus, and backs up
the FWCIS to depressurize the reactor. These valves may be manually controlled
from the control room but are automatically actuated upon coincident indication
of low level in the reactor vessel, high pressure in the drywell, and flow
failure of the FWCIS. In this case, a means of adding water to the reactor

!

(LPCI or Core Speay) is necessary to maintain reactor level and provide cooling.
The relief valves can be supplied power from either motor control center (MCC)
DC-1 or MCC DC-1A via a transfer switch and distribution panel bus would result
in loss of relief valve control from the control room. In this case the valves
would still operate when system pressure reaches the valve pressure relief set-
points. Each valve has its own accumulator with sufficent compressed air for
several valve actuations. In addition each valve can receive compressed air;

! from station air compressors or bottles of compressed air. There are no
single failures which would completely disable the pressure relief system.

The FWCI consists of one condensate pump, one condensate booster pump, and one
feedwater pump, all powered by the gas turbine generator. Two complete
" strings" of pumps are available for FWCI operation with selection of string A
or 8 made from the control room. The pumps in the selected FWCI string will
not start or restart automatically upon fill restoration of AC power (as
provided by the gas turbine generator) unless a low-low reactor water level
signal or high drywell pressure signal (or both) exists. In the absence of
such automatic initiation, the operator will bring the FWCI system on manually
as provided by procedure.

Because the gas turbine generator is not ready to load for 48 seconds after
starting, the EPRVs will be required to relieve pressure until the FWCI system
is operating. At that time, the injection, at rates up to 8000 gpm of cold
water, will provide substantial depressurization, resulting in the reclosure of
the EPRVs. If the FWCI system should provide such significant inventory that
reactor vessel water level becomes too high (prior to depressurization and
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concurrent temperature decrease to SCS initiation Limits), the operator can
utilize the relief valves to continue depressurization, or can increase dis-
charge from the reactor vessel through the reactor water cleanup system.

Loss of the gas turbine generator (GTG) or loss of 4160V bus 1 or 3 can render
the FWCI system unavailable. In this case short term cooling could be provided
by the electro pneumatic relief valves (EPRV's) and the isolation condenser
system (ICS).

The ICS consists of a single steam line from the reactor to the ICS condenser,
the ICS, and the discharge line into recirculation loop B. There are two
normally open motor operated valves (MOVs) in the steam line from the reactor,
one inside containment and one outside. The discharge line also contains two
MOVs with the MOV outside containment normally closed and the MOV inside
containment normally open. Flow through the system is initiated by opening the
single closed MOV which allows the reactor to be cooled by condensing steam
into the ICS condenser and returning the condensed steam to the reactor by
natural circulation. Failure of the control power or motive power for this MOV
would disable the system, although the valve may be manually operated.

The MOVs outside containment are DC powered with battery backup. The MOVs
inside containment are AC powered and can be supplied from the diesel generator
(DG) on loss of offsite power. Differential pressure switches, powered from
independent DC buses, will close the MOVs and isolate the condenser upon sens-
ing a line break in the ICS. The two condenser vent valves, the control room
level, pressure, and temperature indicators, and the automatic level control
system for the isolation condenser are powered from the single Instrument AC
Bus (IAC). Failure of this bus would result in loss of venting capability,
level control and control room ICS parameter indication. Condenser makeup can
be from the Fire Water System or the Condensate System. Power t.upplies for
these makeup sources are independent from each other and from the ICS power
supplies. The ICS can be manually initiated or will automatically initiate on
loss of offsite power and reactor scram.

1 Long-term cooling (below 350 F) is provided by the Shutdown Cooling System
(SDCS). It consists of a single suction line, two parallel pump and he't ex-
changer loops, and a common discharge line. There are multiple single fail-
ures which can render the SDCS inoperable, including loss of motor control
center (MCC) 2A-3 which powers the normally closed inlet MOV (located inside
containment), or loss of MCC 2-3 which powers the normally closed discharge MOV

i

(located outside containment). Loss of the IAC bus will result in the loss of
control room indication of loop pressure, and loop and heat exchanger tempera-
ture. Also, the inlet MOV is inside containment and is therefore considered ,

inaccessible for manual operation. If the inlet and discharge valves can be
,

L opened, there is sufficient power supply independence and redundancy in the
l two parallel SDCS loops and in the SDCS Heat Exchanger cooling, assuming a

single power supply failure, to ensure at least partial operation of the
SDCS. The SDCS is not a class 1E system but can be used to remove decay heat.

The LPCI system consists of two independent loops, each with two parallel pumps,
which pump water from the suppression pool to the reactor via heat exchangers i

j

i cooled by the Emergency Service Water System. Single failures exist which can |
cause loss of one loop of the LPCI system, but only one loop is needed to |
maintain reactor level and provide cooling water. On loss of offsite power
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one loop is supplied by the gas turbine generator (GTG) and the other by the
diesel generator (DG). Starting of the pumps is automatic only in a LOCA sit-
uation. All motor-operated valves in the LPCI system are outside containment
and can be manually operated. Loss of the IAC bus will result in loss of
system temperature and flow indications in the control room.

7.3.2.1 Onsite Power Unavailable

Millstone 1 normally operates with all of its auxiliary loads supplied by the
ma.n generator through the Unit Auxiliary Transformer. Loss of the main gen-
erator power during operation will result in a reactor scram and turbine trip.
The buses normally powered by the generator will transfer to the Reserve
Station Service Transformer which is supplied from the 345-kV switchyard. Only
single failures involving buses, switchgear, or other equipment downstream of
the transformer feed lines to the distribution system are considered.

Single failures of electrical instrumentation and control (El&C) features, such
as loss of the feedwater control system, exist which could disable the normal
short-term cooldown methods. However, no El&C single failure that renders the
normal short-term cooldown methods inoperable can also cause failure of the
isolation condenser, ADS, and/or FWCI system. There are multiple single fail-
ures previously mentioned which can render the SDCS inoperable. However, since
only one LPCI loop is needed to maintain core level and provide cooling water,
there are no single failures which can disable both the SDCS and LPCI systems.
Therefore, the staf f concluded the short- term and long-term cooling capability
meets the current licensing criteria with only offsite power available.

7.3.2.2 Offsite Power Unavailable

During normal operation, a loss of offsite power would not automatically result,

i in the loss of the main condenser and a reactor trip because the plant is de-
signed to withstand this transient while dumping steam to the condenser. How-
ever, if there were a complete loss of power to the 4-kV buses, all loads on
these buses and all 480V loads supplied from 4-kV Buses 5 and 6 would be shed.
On completion of load shedding, simultaneous automatic start signals are sent
to a gas turbine generator and to a diesel generator. The gas turbine generator
supplies 4-kV buses 1, 3, 5 and 7 and the diesel generator supplies 4-kV bus 6.
Both the diesel generator and the gas turbine generator are automatically
started on an ECCS signal.

Assuming the diesel generator and the gas turbine generator are available,
there are no single failures which would disable the ICS, ADS, and FWCI system.
Failure of the gas turbine generator would prevent initiation of the FWCI sys-
tem. However, the ADS, in conjunction with the ICS, would provide the required
short-term cooling. The staff concluded that there are no single failures '

which would disable both long-term cooling systems (SOCS and LPCI) if AC power
from the diesel generator or the gas turbine generator is available.

7.3.3 Shutdown and Cooldown Capability Outside the Control Room

The capability to maintain the plant in hot shutdown from outside the control
room exists at Millstone 1. Reactor parameters such as level and pressure can
be monitored at locations outside the control room. Reactor pressure can be
monitored outside the control room; therefore, reactor temperature can be

,
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determined from appropriate tables. Local control stations exist for the
pumps and valves of the systems required for safe shutdown. Additionally, many i

of the valves which are outside containment are also capable of being manually
operated.

The staff concluded that adequate capability exists to maintain the reactor at
hot shutdown from outside the control room but there were no procedures for
taking the reactor from hot to cold shutdown from outside the control room.
However, as previously noted in Section 5.6.2 hot to cold shutdown procedures
have been written and implemented at MP-1.

7.3.4 Residual Heat Removal (RHR) System Reliability and Interlocks

The SDCS at Millstone 1 is designed to withstand RCS design pressure. There-
fore, the isolation valve interlocks required by BTP RSB 5-1 are not applicable.
The isolation valves have interlocks to prevent opening and to automatically
close when RCS temperature exceeds the 350 F design temperature of the SDCS.

A bypass line provides a flow path from each SDCS pump discharge to its suction
to provide the necessary flow to prevent pump overheating due to a discharge
isolation valve being closed. Cavitation protection is provided by the inter-
lock which trips the pumps (and prevents restarting) if the suction pressure
falls below 4 psig. A temperature interlock also protects the pump from over-
heating by tripping the pump if the temperature is greater than or equal to
350*F.

There are no requirements in the Millstone 1 Technical Specifications for test-
ing the SDCS interlocks and isolation circuitry during SDCS operation. The
electrical circuitry is not designed to permit testing while the system is oper-
ating without a momentary interruption in system operation. Although licensed

I prior to the issuance of RC 1.68, concerning preoperational and startup testing,
1 Millstone 1 nevertheless conducted such tests and demonstrated SDCS operability

on several occasions.'

The staff concluded that the SDCS does not meet the current licensing criteria ,

| of BTP RSB 5-1 in that the SDCS is not considered to be a safety grade system

i and is subject to single failure of the valves inside containment. The SDCS
however is designed for full reactor pressure but less than full reactor tem-
perature (for which temperature interlocks have been provided) and is therefore,

acceptable.

7.3.5 Conclusions
i

.
Hillstone 1 satisfies all of the requirements for Safe Shutdawn except for a

| lack of redundant instrument supplies. Local direct-reading indications of |
vital parameters are available. The need for a redundant instrument ac bus is'

being evaluated in ISAP (see Section 6.3.3).
;

,

Plant procedures now direct those evolutions needed to accomplish plant
( shutdown to a cold shutdown condition outside the control room (see IE
' Inspection Report 84-20).

During the SEP review of Topic VII-3, the staff evaluated the effect that the
crossing of the Flanders 114 line and the J83 line had on offsite power

|
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I availability. Historical failure rate data and a plant specific computer model
of the Millstone switchyard show that the crossed power lines have a negligible
effect on the likelihood of a loss of offsite power.

7. 4 Frequency Decay (SEP Topic VII-6)
'

Issue 9 of NUREG-0138 requires that a postulated rapid decay of the frequency
of the offsite power system be included in the_ accident analysis and that the

| results be demonstrated to be acceptable. Alternatively, the reactor coolant
'

pump (RCP) circuit breakers should be designed to protection system criteria
and tripped to separate the pump motors from the offsite power system because

j rapid decay of the frequency of offsite power system has the potential for
slowing down or braking the RCP thereby reducing the coolant flow rates to
levels not considered in previous analyses.i

1 Oak Ridge National Laboratory (ORNL), under a technical assistance program,
! reviewed the frequency decay rate phenomena and its effects on RCPs. The'

results of the review are presented in Section 4 of NUREG CR 1464, " Review of
Nuclear Power Plant Offsite Power Source Reliability and Related Recommendeda

j Changes to the NRC Rules and Regulations." In summary, the report shows that
the conditions required for dynamic braking of reactor coolant pumps are ai

! sustained and rapid decrease in Trequency while maintaining bus voltage. These
i conditions are only realized in a highly capacitive system using large amounts
{ of buried transmission cables (such as Long Island). The Northeast Nuclear
j Energy system does not use large amounts of buried transmission cable. The
| conditions that could cause unacceptable frequency decay rate are not present
i in the Millstone offsite_ electrical distribution system and th'e iss e is
! therefore not applicable to Millstone 1.
i

!
4

I i
4

i
i
,
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8 ELECTRIC POWER SYSTEMS

The station electrical power system, as originally installed when Millstone
Unit I was the only power plant at the site, is described in the FSAR (Ref. 12).
Portions of the Millstone Unit 3 FSAR (Ref. 46) are equally applicable to
Millstone Unit 1. Selected areas of review included in the SEP, license
amendments, and staff safety evaluations are described below.

8.1 Potential Equipment Failures Associated With Degraded Grid Voltage
(SEP Topic VIII-1A)

Prior to modifications the undervoltage protection system design consisted of
the following:

;' (1) Two undervoltage relays (induction disc type) connected to the Reserve
Station Service Transformer (RSST) bushing potential devices to sense the
345 kV system. The RSST is the preferred off-site source. These relays
(level 1 of undervoltage protection) were used to sense a loss of offsite
power condition. The voltage setpoint for these relays was 71% 345 kV
(246 kV) with a time delay of 6 seconds at 50% of 345 kV. The output of
each relay supplied each of two identical and redundant " loss of normal
power" (LNP) circ its. The LNP circuits initiated the start of the onsite
sources (diesel generator and gas turbine), isolation of the Class 1E
buses, and load shedding. Once the onsite sources reached operating
speed, the output breakers were closed. A block of Class IE loads was
energized immediately while the remaining loads were sequenced on by the
load sequencer.

(2) Four solid state bistable voltage sensors installed at the bushing poten-
tial devices on the RSST to sense degraded voltage conditions (level 2 of,

' undervoltage protection). Two of the bistable sensors monitored phases
one and two and the remaining two sensors monitored phases two and three.
This sensing system made u two protective channels, each requiring a sig-r

! nal f rom both devices (2-out-of-2 logic). The setpoint for these devices
4 was 336 kV (97% of 345 kV) with a time delay of one second. Actuation of

any one of the four sensors alarmed in the control room. The trip signal
from any one of the channels was interlocked with a SI signal. Therefore,
for a degraded voltage conditions concurrent with a SI, automatic discon-

4

nection from the RSST and transfer to the onsite sources occurred. Other-
wise, operator action was required to restore adequate voltage. The li-
censee's basis for not providing automatic disconnection under all degraded
conditions was that the auto-tripping of the unit from the transmission
grid could cause a " cascading affect". This cascading effect could cause
other nuclear plants to subsequently trip, further degrading the system.
By means of corrective measures the grid voltage could be increased to
acceptable levels for continued plant operation.

The load shed feature was disabled once the onsite sources were supplying
the Class IE buses. Should the onsite sources trip, the load shed feature

I
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,

was not auto-reinstated. The operator would manually load shed and re-
energize the buses.

;

The licensee proposed the following modifications to the undervoltage protection
'

system:

(1) Redesign the present loss of offsite power (level 1) undervoltage protec-
, tion scheme and the level 2 protection scheme to provide undervoltage pro-

tection directly at the Class 1E buse.; as required by IEEE 279-1971. The
,

i
redesign would include new undervoltage protection setpoints and time de-
lays to allow for short duration transients and Class 1E equipment protec-
tion. System level actuation would remain the same as the existing under-,

i voltage protection schemes. That is, automatic disconnection from the
offsite source would only occur if a SI signal is present concurrent with

;

i level 2 actuation.

(2) Make circuit design changes, in addition to the above, to automatically'

reinstate the load shed feature following tripping of the onsite sources.4

The licensee proposed to relocate the first level (loss of voltage) and second
,

level (degraded grid voltage) relays, presently connected to the bushing poten-i

tial devices, to the 4160 volt Class 1E buses. Due to a delay incurred in
obtaining the first and second level relay panels, there was insufficient time
to install, monitor, and test the relays during April 1984 outage. However,
the relay panels were installed during the April-June 1984 refueling outage but,

: the trip logic of the relays was not connected to the safety buses until neces-
j sary testing and monitoring of the relays are accomplished. The relay alarm

i circuits were activated during the 1984 outage. The licensee has committed to
i complete the circuitry connections and implementation of the degraded voltage

protection relays no later than the next refueling outage scheduled for October
| 1985.

The proposed modifications for the second level undervoltage protection system
;

retain the feature that will permit automatic separation of the Class 1E power
system from offsite power only if a degraded grid exists coincident with a

.
safety injection signal (LOCA). This approach provides protection to the

|
Class 1E equipment needed to mitigate the consequences of an accident and is
acceptable to the staff. For a degraded grid condition without a LOCA an alarm

i will be actuated and operator action will be taken to restore the grid to an
j acceptable level. In the event operator action is not successful in restoring

grid voltage within an acceptable time period, the operator will manually start'

the onsite diesel / gas turbine generator and separate the Class 1E buses from
the offsite power system. The Class 1E loads would then be sequenced onto the
onsite emergency generators. -This approach deviates from the staff position

j that requires automatic isolation of the offsite power system from such under-
; voltage after a time delay. Acceptability of this alternate approach requires
; that adequate safety systems be available for safe shutdown of the reactor for

these conditions and that appropriate plant operating procedures are developed,

! and available to the operator for the required manual operator action. The

! licensee provided a list of systems, that would not be exposed to degraded grid
voltage, and which will be available to bring the plant to a safe shutdown under

i non-LOCA conditions. The staff concurred. The licensee made the Isolation Con-
denser make-up fill valve AC independent during the 1982 refueling outage and

F

!
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noted that there was no need to make the condensate transfer pump AC indepen-
dent, since make-up for the Isolation Condenser can be provided by the diesel-
driven fire water pump, thus making the Isolation Condenser System AC indepen-
dent. The licensee stated that the Isolation Condenser make-up fill valve was4

i modified to operate with DC power only. The staff concluded that this modifi-
i cation provided a redundant capability to shut the plant down and, maintain it
; at safe shutdown under non-LOCA conditions. The staff concurs with the lic-

ensee that the diesel-drive fire water pump can be substituted for the conden-
sate transfer pump when the latter pump is not available and that the isolation
condenser systems is not dependent on AC power and therefore acceptable.

A redundant means of providing safe shutdcwn is provided by the Automatic
i Depressurization System (ADS), which uses N2 operated valves, with backup

bottled N supply, to depressurize the system and allow placing the Low
'

2

Pressure Coolant Injection (LPCI) and Core Spray (CS) system (s)' in operation.

On the basis of the above and that protection devices i.e., circuit breakers,
j fuses, relays,...etc., are provided to prevent damage to the equipment required

for plant safe shutdown and that an alarm is installed to alert the operator!

to this abnormal condition, the staff found the licensee's alternate approach,

f for manual operator action urder degraded grid condition without an accident
iacceptable. Acceptability of this approach is subject to institution of ade-

quate procedures covering actions to be taken by the operator during a degraded
grid under non accident conditions.

1 The licensee committed to bypass load shedding while Class IE buses are powered
! from onsite power system. The load shedding circuit will be bypassed once the '

i
'

emergency diesel generator or gas turbine is supplying power to the safety loads.
The load shedding feature will be reinstated if the diesel generator or gas
turbine breakers should trip.

'
The modified undervoltage protection circuitry at Millstone 1 consists of two '

i power train undervoltage trip circuits S1 and S2. The S1 train provides volt-
age sensing for 4160 V safety buses 14A and 14C and 480 V safety bus 12E. Emer-

j gency ac power to the above buses is provided by a gas turbine. The 52 train'

provides voltage sensing for 4160 V safety bus 14F and 480 V safety bus 12F.
Emergency ac power to the above buses is provided by an emergency diesel gen-
erator. Both 51 and S2 trip circuit trains provide first level and second level
undervoltage protection. The first level (lo s of power) undervoltage protec-
tion consists of six ITE-27HS relays on each 4.16 kV Class 1E bus (two per
phase) with one out-of-two taken thrice coincident logic. These relays are set,

at 2828 1 28 volts (approximately 71% of 4 kV rated Class 1E equipment) with
associated time delay of 1.51.015 seconds. The second level (degraded grid)4

; undervoltage protection consists of three ITE-27NS relays (one per phase) on
, each 4.16 kV Class 1E bus with two-out-of-three coincident logic. These relays'

are set at 36541 35 volts (approximately 90% of 4 kV rated Class 1E equipment).
The time delays associated with the 51 and S2 trains second level undervoltage

] protection as 12 i .12 seconds and 8 i .08 seconds respectively.

Both emergency power supplies (gas turbine and diesel generator) start simul-
taneously with an accident signal after three seconds time delay. Under
degraded grid condition coincident with an accident, the S2 train will auto-

J catically separate from the offsite source (Station Service Transformer (SST)
after eight' seconds time delay and after an additional two seconds loads will

i
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reconnect to its respective onsite emergency diesel generator. Under the above
,

condition the 51 train will automatically disconnect from the offsite source
(SST), after 12 seconds time delay and after an additional 33 seconds loads'

will reconnect to its respective onsite emergency gas turbine.

The licensee's voltage analysis shows that the earlier separation of the S2
train from the offsite power will reduce the loading on the SST, cotron source 1

of offsite power for both trains. With the grid voltage between 332 kV and i

338 kV the studies show that the S1 degraded voltage relays may reset before
its associated time delay expires the.aby allowing the feedwater system and the'

ECCS motors which are supplied by the $1 train to continue to perform their
safety functions without interruption. However, while the shutdown loads on
the S1 trains are being supplied by the SST, the gas turbine continues to
operate at no load. Further degradation of grid voltage will result in dis-a

, connection of offsite power from the S1 buses and transfer of the shutdown
4 loads onto the gas turbine.

The Millstone 1 design . implements the plant feedwater system (FWS) as a high
pressure safety feedwater coolant injection (FWCI) system under a LOCA condition.
The FWCI is designed to Category 1 Class 3 requirements and all electrical
circuitry and pump motor drives are Class 1E.

The longer time delay associated with the 51 train degraded voltage relays does
'

not delay the loading of the safety buses onto the gas turbine as long as this
! delay does not exceed the time required for the gas turbine to commence loading.

The staff discussed and evaluated longer time delay of the 51 buses relays to
maintain the continuous operation of the feedwater system on the offsite power
and concurs with the licensee that the additional four seconds time delay asso-
ciated with the S1 degraded voltage relays is beneficial and does not adversely
affect the plant safe shutdown during accident condition.

Actuation of any one of the six loss of power relays or any one of the three
: degraded grid relays will activate an alarm to notify the operator of the de-

graded voltage condition after 10 seconds when voltage on the 4160 V safety
buses reduces to less than or equal to 90% of 4 kV.4

With degraded voltage under non-accident conditions operator action is neces-
sary to restore the voltage to an acceptable level. In the event operator
action fails to restore the voltage to an acceptable level within a reasonable

4

| time re.iod, the operator will manually start the onsite ac emergency power
supply (diesel or gas turbine generator or both) and separate the Class 1E

1buses from the offsite power. These buses are ther, connected to the emergency
,

ac supply and safety loads are subsequently sequenced onto these buses. How-
,

ever, with degraded grid voltage under accident condition, the proposed second!

level undervoltage protection system is activated to provide automatic starting
of diesel / gas turbine generator, separation of Class 1E buses from offsite
power source, initiation of load shedding and sequencing of loads onto these
buses.

Voltage sensing of both 51 and 52 trains at 480 V bus level provides degraded
! grid voltage annLnciation only. Each 480 V safety bus 12E and 12F is equipped
! with one relay which activates an alarm to notify the operator of degraded volt-
f age condition when voltage on these buses reduces to 92% or less of 460 V after
i
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one minute time delay. The licensee stated that the setpoint for the degraded
voltage relays is based on the most limiting conditions of 90% terminal voltage )

,

on the 4 kv motors. The licensee also stated that installation of regulating !
i

transformers on the 120 V level during the current refueling outage will pro- '

vide 120 V i 1% at 120 V Class 1E buses over a wide range of input voltage (73%
to 107%).

Technical specifications to cover relay setpoints and tolerances, limiting con-
ditions for operation, and surveillance testing for the undervoltage relaying
system will be provided when the system becomes fully operational in 1986.

In summary, the staf f has found that: (Reference Amendment 98 dated June 14,
1984)

i
The proposed degraded grid modifications will protect the Class 1E equip--

ment from sustained degraded voltages of the offsite power system.

The proposed load shedding circuit will block load shedding once the emer--

gency generator (diesel or gas turbine) is supplying the safety loads.
The load shedding feature will be reinstated if the gas turbine or diesel
generator breaker should trip.

The preliminary technical specification information supplied by the lic--

ensee is conditionally acceptable. However, the staff requires a formal
submittal of the changes and additions to technical specifications after ,

the necessary testing of the degraded grid protection relays are completed.
i

The licensee's proposal to use operator action instead of automatic discon-+

nection of the Class IE buses from a degraded offsite power source under
non-accident conditions does not meet the staff's position. To justify
this alternate approach, the licensee has shown that redundant safety
systems, which are not exposed to degraded voltage, are available to bring
the plant to a safe shutdown condition. The staff has reviewed the lic-
ensee's proposal and finds that these systems will be available to effect
a safe plant shutdown under non-accident conditions.

Due to unanticipated delays incurred in receiving the relay panels for the-

degraded grid undervoltage protection system, there was insufficient time
to monitor and test the relays during the April 1984 outage. However, the
relay panels were installed during that outage but only the alarm logic
is connected to the safety buses. The licensee will incorporate the trip-
ping logic and complete the installation after testing of the relays is
completed. The licensee has committed to complete the installation of the
degraded grid protection system during a scheduled outage but not lateri

than the next refueling outage scheduled for October-December 1985.
i

'

'
8.2 Onsite Emergency Power Systems (SEP Topic VIII-2)

The objective of the review was to determine if the onsite AC generators for
the Millstone 1 Nuclear Statfor, have suf ficient capacity and capability to
supply the required automatic safety loads during anticipated occurrences and/
or in the event of postulated accidents after loss of offsite power.
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Millstone 1 uses one diesel generator and one gas turbine generator for emer-
gency on-site power. In the event that the diesel generator fails to start,
the gas turbine generator can manually assume the loads normally powered by
the DG, as well as its own loads.

The diesel generator has a continuous rating of 3330 kVA at 0.8 PF. The worst-
case generator load is 3045 HP using nameplate data. With a 90% motor effic-
iency, as specified in R.G. 1.9, the worst-case load is 3155 kVA at 0.8 PF.
The maximum step load change is 829 kVA or 25% of the continuous generator
rating.

The gas turbine generator is rated at 11.5 MW peak load and 10 MW continuous ;
load. The worst-case generator load is 13,240 HP (nameplate). Again using
90% motor efficiency, the worst-case load is 10.975 MW. The maximum step load !

change for the gas turbine generator is 5.8 MW or 58% of the continuous
|

generator rating.
,

t

The total worst-case automatically connected diesel generator load is 3155 kVA
or 95% of the generator continuous rating. This is within the criteria of '

R.G. 1.9. The total worst-case automatically connected gas turbine generator
load is 10.975 MW or 99% of the generator continuous rating at 100'F. This
meets the criteria of R.G. 1.9.

8.2.1 Diesel Generator
i

10 CFR 50 (GDC 17), as implemented by SRP Section 8.3.1 and BTP ICSB 17, re-
quires that

(1) The design of standby diesel generator systems should retain only the ;

engine overspeed and the generator differential trips and bypass all ;
other trips under an accident condition. j

(2) If other trips, in addition to the engine overspeed and generator differ- |
ential trips, are retained for accident conditions, an acceptable design ;

should provide two or more independent measurements of each of these trip
parameters. Trip logic should be such that a diesel generator trip would
require specific coincident logic.

In addition, GDC 17, as implemented by IEEE Std. 279-1971, requires that all
the conditions that might render the emergency power generator incapable of

i

automatic starting shall be unambiguously annunciated in the control room. '

Diesel generators, which provide emergency standby power for safe reactor shut-
down in the event of total loss of offsite power, have experienced a significant
number of failures. The failures to date have been attributed to a variety of
causes, including failure of the air startup, fuel oil, and combustion air sys-
tems. In some instances, the malfunctions were due to lockout. The information
available to the control room operator to indicate the operational status of the
diesel generator was imprecise and could have lead to misinterpretation. This
was caused by the sharing of a single annunciator station by alarms that indic-
ate conditions that render a diesel generator unable to respond to an automatic
emergency start signal and alarms that only indicate a warning of abnormal,
but no disabling, conditions.
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Another cause was the wording on an annunciator window which did not specific-
] ally say that the diesel generator was inoperable (i.e. , unable at the time to
! respond to an automatic emergency start signal) when in fact it was inoperable
! for that purpose. The review included the reliability, protective interlocks,

fuel oil quality, and testing of diesel generators to assure that the diesel
generator meets the availability requirements for providing emergency standby4

power to the engineered safety features.
,

'

The concern with regard to annunciators was pursued as a generic issue. The
staff safety evaluation for Millstone 1 concluded that in order to provide the
operator with accurate, complete and timely information pertinent to the status
of the diesel generators, as required by IEEE Std. 279-1971, the following cor-
rective actions were required:

1. Disabling and non-disabling conditions, currently alarmed at a common
annunciator station, should be separated and annunciated at separate;

'

annunciator points.

i 2. The wording on the annunciator for disabling conditions should specific-'

ally state that the diesel generator is unavailable for an automatic emer-
| gency start.

iBy a letter dated May 12, 1978, the licensee agreed to make suitable modifica- ''

tions to the annunciator.

Also, as a result of the work done by the University of Dayton, a generic pro-
.

gram for implementing most of the recommendations for reliability enhancement |
,

|
i that are contained in the University of Dayton report is being conducted byj NRC. This program will also determine the adequacy of the diesel generatori

testing program on a case-by-case basis and institute any necessary changes.

The question of fuel oil quality was addressed on a generic basis in January1980, by letters to all licensees. The letters required that licensees in-.

!

clude fuel oil in their Quality Assurance program. The periodic testing of
the diesels was considered to be an adequate interim method for assuring accep-;

table quality in the fuel oil stored on site.

EG&G Report 0111J, " Emergency Generators," transmitted by letter dated June 3,
*

1981, presents a technical evaluation of the diesel generator protective inter-;

locks and load capability at Millstone 1 against present licensing criteria.,

*

Diesel generator trips which are not by passed under accident conditions are
generator differential, voltage restrained overcurrent, and low engine oil,

pressure. The low oli pressure trip requires signals from two of three sensors4

before a trip occurs. The report notes that the diesel generator protective
trips are in agreement with current NRC guidelines. The staff concluded that

; the diesel generator protective interlocks are in conformance with BTP ICSB17,
i

8.2.1.1 Proposed Staff Actions to Improve and Maintain Diesel Generator I

Reitability (Generic Letter 84-15 dated July 2, 1984) !
i

The items covered by this letter fall into the following three areas:

1. Reduction in Number of Cold Fast Start Surveillance Tests for Diesel
! Generators
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This item was directed towards reducing the number of cold fast start sur-
;

veillance tests for diesel generators which the staff had determined re-
suits in premature diesel engine degradation. Licensees were requested

to describe their current programs to avoid cold fast start surveillance
testing or their intended actions to reduce cold fast start surveillance
testing for diesel generators.

i

2. Diesel Generator Reliability Data

This item requests licensees to furnish the current reliability of each
diesel generator at their plant (s), based on surveillance test data.

3. Diesel Generator Reliability f

Licensees were requested to describe their program, if any, for attaining i
'

and maintaining a reliability goal for their diesel generators.

The licensee responded to GL 84-15 by letter dated February 4, 1985.

With regard to the first item the licensee reported that cne source of emer-
gency power at Millstone Unit No. 1 is a 12 cylinder, oppo.ed piston turbo-
charged Fairbanks Morse diesel generator unit. When the diesel generator is in

r
; a shutdown condition, lubricating oil is continuously recirculated and heated
I to 135'F by a lube oil heater. In addition, engine cooling water heater is

also heated by recirculation past a jacket cooling water heater. .

! Millstone Unit No. 1 Technical Specification 4.9.A.I.a requires monthly testinD
t

! of the diesel generator unit in order to demonstrate operational readiness.
| This requirement is met by performance of manufacturer recommended weekly sur- !
~ veillance tests. All weekly surveillance testing of the diesel generator unit |

is preceded by a prelubrication period. The only unprelubed starts of the 1

; Millstone Unit No.1 diesel generator unit occur as a result of loss of normal ;
,

power on the 4160-volt buses, loss of the main generator; initiation of the;
emergency core cooling system or during a unit surveillance simulating a loss:

|
of coolant accident coincident with a loss of offsite power. This surveillance

'

! is performed every refueling outage per Technical Specification Surveillance
Specification 4.9.A.1.b.'

a

: The licensee reviewed plant logs, incident reports, event reports and
| surveillance data records since the plant start up and reported, concerning

| the second item above:

Mean Variance |

| Failure to start on demand 6.7 x 10-3/ day 9.5 x 10 8
| Failure to run laving started 1.1 x 10-3/ hour 1.08 x 10 8
1 Unavailability due to maintenance 1.07 x 10-3/ day 7.8 x 10 8

f Total adjusted starts 652
i Total adjusted running hours 1018

Total adjusted failures 4
-

Concerning the third item above the license noted that the reliability of the
various onsite emergency power sources is enhanced through the implementation
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of a well-documented, comprehensive preventive maintenance program. The ob-
jective of this program is to provide a detailed analysis of equipment condi-
tion and allow for the planning of periodic maintenance. This minimizes the
total maintenance costs while maximizing the availability / reliability of criti-
cal equipment.

The benefits of a continuous, orderly and uniform Preventive Maintenance Pro-
gram can be obtained only if the schedules are established and adhered to, with
exceptions being limited to emergencies and operational constraints. The pro-
gram itself is scheduled by station personnel using the tools of the Production
Maintenance Management System. Periodic review and evaluation of the program
is undertaken to measure the effectiveness of and monitor adherence to the pro-
gram. The cost / benefit analyses of the various activities, and the application
of new techniques and ideas help in the achievement of all goals and objectives.

To complement the preventative maintenance program, a performance testing pro-
gram has been implemented at each nuclear unit to demonstrate emergency power
source reliability. Adherence to manufacturer recommendations and NRC staff
requirements have been utilized in the formation of the surveillance testing
items. Refueling outages are utilized to perform complete inspection and over-
haul of the diesel generator units under the guidance of manufacturer supplied
field service representatives.

In addition to these programs, the maintenance of good interplant communications
has been stressed throughout the Northeast Utilities system. By ensuring a
meaningful transfer of information between utilities, via active participation
in systems like the INPO operated " Nuclear Network", the reliability program is
provided a means to detect potential areas of concern. Additionally, the find-
ings of studies performed by groups such as the Electric Power Research Insti-

,

tute are reviewed for information which is pertinent to the issue of enhancing '

onsite power source reliability.

The licensee noted that the Integrated Safety Assessment Program (ISAP) includes |
an examination and evaluation of all plant equipment failure history, forced and i

planned shutdowns, licensing event reports etc to identify recurring events or
trends which could significantly contribute to overall risk. The staff review
of the responses to GL 84-15 is in progress.

8.2.2 Gas Turbine Generator
,

The gas turbine is rated at 10,000 kW continuous load and 11,500 kW peak load i

(compared with 2,700-kW base load and a 2-hour emergency load rated at 3,000 kW
for the onsite diesel generator). This difference allows the gas turbine to |power larger and more loads than the diesel generator; one of these loads is
the emergency feedwater coolant injection system.

The limited Probablistic Risk Assessment (PRA) performed for Millstone Unit 1
concluded that the reduction in core-melt frequency gained by bypassing the

.

'

protective interlocks is less than 1%. This was determined by subtracting the
total failure probability for the protective interlocks (1 x 10 3) from the
failure probability of the gas turbine generator (6 x 10.a) and requantifying
the Millstone Unit 1 Interim Reliability Evaluation Program. Although by-
passing the protective trips was not found to substantially reduce risk, the
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PRA concluded that the issues of gas turbine generator and diesel generator
reliability are important factors in contributing to risk resulting from core
melt at Millstone Unit 1. The limited PRA found that failure of the gas tur-
bine generator appears in cut sets that contribute approximately one quarter
of the dominant accident frequency and that the failure rate of the gas tur-
bine generator is relatively high, but within the limits proposed in Generic
Letter 84-15.

Because of the lack of specific licensing criteria for gas turbine generators
as emergency power supplies in nuclear power plants, the staff reviewed the
Millstone Unit 1 gas turbine generator against the criteria for diesel
generators and identified the following issues.

There are 17 trips that are not presently bypassed during emergency operation
of the gas turbine generator. Four of the trips are associated with the
startup of the gas turbine, six are associated with the steady-state operation
of the gas turbine, and seven are associated with the output circuit breaker of
the electric generator.

The four protective trips that are associated with startup (i.a., turbine
light off) are as follows:

(1) if light-off speed (930 rpm) is not reached in 20 sec (light-off speed is
expected in 13 to 16 sec)

(2) if light-off temperature (400*F) is not reached 15 sec after light-off
(light-off temperature is expected 5 to 8 sec after reaching 930 rpm)

(3) if starting air-ignition cutoff speed (3,400 rpm) has not been reached 60
sec af ter start (expected 15 sec af ter light-off)

(4) if generator excitation speed (540 rpm electic generator speed) is not
reached in 60 sec (expected 35 sec after start)

The actual operating time-delay settings allow for variations in performance
of the applicable components and are set high enough to ensure a complete start-
ing attempt and to preclude unnecessary shutdown of the system.

The licensee proposed to bypass the light-off speed and generator excitation
speed trips under accident conditions. Both of these trips indicate a major
problem on obtaining startup and are designed to trip the turbine and stop the
fuel supply in order to prevent an explosion. However, the light-off temper-
ature and starting air-ignition cutoff speed trips should be retained in order
to provide protection against a potential explosion. The implementation of
these changes is included in the Integrated Safety Assessment Program (ISAP).

The six protective trips associated with the steady-state operation of the gas
turbine generator are as follows:

(1) High Exhaust Gas Temperature - The trip for emergency operation is set at
1300'F, whereas, for normal power operation, it is set at 1200*F. It is
anticipated that, for normal operation on a maximum ambient day (105'F),
the exhaust gas temperature will not be in excess of 1050*F. For machine
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cperation in the emergency mode on a maxi.num ambient day, the anticipated
i exhaust has temperature is in the range of 1150 F to 1175*F. This gives

a margin of 125*F to 150*F between this temperature range and the trip
setting of 1300*F.

(2) High Lube Oil Temperature

(3) High Gas Generator Speed - This trip is set at 7,586 rpm, which represents
1 a 3% overspeed condition for the emergency mode of operation. In the emer-

gency mode of operation, because the breakers are closed and loading of
the electrical generator starts at approximately 98% of synchronous speed,

i the chance of a spurious gas generator overspeed excursion is very low.
Any indications of overspeed would be indicative of a load rejection or
governor failure in the gas generator.

(4) High Turbine Overspeed - 6,050 rpm
;

(5) High Vibration Jet

(6) Low Lube Oil Pressure - 14 lb

i The licensee proposed to bypass the high lube oil temperature trip under acci-
dent conditions; however, the remaining five trips are maintained, since each;^

protects against severe mechanical damage and hazardous conditions. This mod-
: ification was to be performed during the 1984 refueling outage. The licensee
| has stated that the high gas generator speed and high turbine overspeed trips
! are analogous to engine overspeed on a diesel generator and are necessary to

prevent overspeed failures. The high exhaust gas temperature trip protects the
unit against melting of mechanical parts. The high vibration jet trip protects
against total mechanical degradation of the gas turbine. Since high vibration
in a high-speed rotating piece of equipment is indicative of a severe problem,
this trip must be maintained to protect against destructive failure of the

i machine.
!

The licensee stated that the specific temperature parameters are monitored by
j a number of thermocouples, which provide a high degree of reliability. Speed
"

sensing is accomplished with a shaft-mounted tachometer. For all of the unby-
passed trips, the addition of another channel to monitor critical parameters to
provide coincident logic would not provide significant improvement in reliabil-

} ity because coincident logic modifications involve the starting sequence and
normal operating circuits, potentially making the gas turbine generator less
reliable.

- The licensee reported a total of 31 gas turbine generator failures in the last
! 12 years. Many of them were due to problems associated with the speed switch

in the early 1970s. In 1979, the licensee replaced the speed switch and gover-
nor. There were no failures reported in 1980. Since 1981, most failures were
caused by rust on resistors and in the air pressure system. Because of these
failures, the licensee has replaced the carbon steel air start lines down>

stream of the air receiver tank with stainless steel lines and sandblasted /
coated the inside of the air tank. In almost all cases when a failure of the
generator occurred, it occurred because of an actual component failure and not
because of spurious signals. This is evident by the corrective actions taken
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in each case. Many of the failures were associated with maintenance and could
have been prevented with an improved preventive maintenance program. |

Since the majority of failures were not due to faulty measurements and the addi-
tion of another channel to monitor critical parameters to provide coincident
logic would involve the startinq sequence, potentially reducing reliability, the
staff found the proposed trip bypasses acceptable. However, the Millstone
Unit 1 IREP study concluded that a loss-of-normal-ac power event is a signifi-
cant contributor to core-melt events. Loss of normal ac power accounts for 85%
of the total core-melt probability. The major causes of core-melt, during loss
of normal ac power, identified were the high level of dependence of the high-
pressure cooling systems on the gas turbine emergency power source, the gen-
erally low reliability of the emergency power system, and the need for the
operator to manually depressurize the reactor coolant system, if high pressure
injection failed. The licensee will continue efforts to improve the gas turbine

; generator reliability in the ISAP.

!

Because failure of the gas turbine generator appears in approximately one-
quarter of the dominant accident sequences, the staff considered the matter of

! onsite ac power at Millstone Unit 1 to be an area where a substantial reduction
in risk can be attained. Since many af the gas turbine failures might have
been eliminated with an effective preventive maintenance program, the staff
concluded that such a program should be devaloped and implemented, or if such'

a program already exists, the licensee should review the program for areas
where it can be improved or justify the adeoutcy of the existing program.

By letter dated December 27, 1982 the licensee agreed to conduct such a review.
' The results were provided in a letter dated February 4, 1985 in response to

Generic Letter 84-15.
!

The seven protective trips associated with the output breaker of the gas
turbine generator are

1

(1) loss of excitation
(2) opening of the exciter breaker

j (3) generator differential
; (4) negative sequence

(5) reverse power
(6) generator underspeed
(7) voltage restrained overcurrent

The licensee proposed to maintain generator differential and voltage-restrained
! overcurrent trips and bypass the remainder under accident conditions as is

currently done on the diesel generator.

The staff found this proposal acceptable. These modifications above were to
be implemented during the 1984 refueling outage but will undergo further
evaluation in the ISAP.

With regard to the gas turbine annunciator, the licensee has reviewed the
i alarm and control circuitry. The results of this evaluation of both the

diesel and gas turbine were provided to the staff in a letter dated May 31,
1977. The staff indicated in a letter dated March 31, 1978 that the

|
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4

modifications to the gas turbine proposed by the licensee were acceptable.,

'

These modifications were installed during the 1980 refueling outage.

8.3 Station Battery Test Requirements (SEP Topic VIII-3A)
i The objective of this review was to assure that the onsite class IE batteries

have the capacity to supply all safety related DC loads verified by periodic
testing. The staff found that there was no requirement for periodic battery
service tests in the technical specifications for Millstone Unit 1. However,
by letter dated December 13, 1983, the licensee proposed technical specifica-
tion changes to require periodic testing to determine battery capacity and
demonstrate that the batteries will provide sufficient power under accident '

conditions.
.

j The proposed change was reviewed (Section 4.29 of NUREG-0824 Ref. 5) by the
staff and approved by Amendment 99 to the Provisional Operating Licensee for1

Millstone Unit-1 dated June 21, 1984.

| The Millstone Unit 1 battery surveillance requirements are now included in
. Section 4.9.B of the station Technical Specifications. The licensee agreed to
| change the Technical Specification to require battery tests in accordance with
! IEEE Std 450-1975, IEEE Std 308-1974, BTP EICSB 6, and the " Standard Technical

Specifications for Boiling Water Reactors" (NUREG-0123). The tests are:

j (1) At least once every 18 months, during shutdown, a battery service test
j should be performed to verify that the battery capacity is adequate to
2

supply and maintain in operable status all of the er.:ergency loads for
2 hours.

: (2) At least once every 60 months during shutdown, a battery discharge test
i should be performed to verify that the battery capacity is at least 80% of

the manufacturer's rating. '

i These changes (T.S.4.9 B.1 C 1 and 2) satisfied the NRC requirements and were,
therefore, acceptable.

8.4 DC Power System Bus Voltage Monitoring and Annunciation
(SEP Topic VIII-38)3

To assure the design adequacy of the dc power system battery and bus voltage,

monitoring and annunciation schemes such that the operator can (1) prevent thej

loss of an emergency dc bus; or (2) take timely corrective action in the event,

of loss of an emergency dc bus, the staff reviewed the dc power system battery,
battery charger, and bus voltage monitoring and annunciation design with re- '

l spect to dc power system operability status indication to the operator.

Millstone Unit 1 has two 125-V de buses (DC-1 and DC-1A) and two 24-V de systems.
The staff's review found that the Millstone Unit 1 control room has no indica-
tion of battery current, charger output current, bus voltage (24-V de systems),
charger output voltage, bus undervoltage (24-V dc systems) or overvoltage, bus;

'. ground (24-V de systems), battery breaker / fuse status (24-V de systems), or
charger output breaker / fuse status.
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The limited PRA performed to determine the importance to risk of dc instrumenta-
tion, indication, and alarms determined that additional monitoring devices would |
reduce the battery unavailability. In the Millstone Unit 1 IREP analysis, de |
battery failure, contributed 5.5% to the total risk resulting from core melt.

|

The limited PRA concluded that improved instrumentation would reduce battery
unavailability by 50% and that this would reduce core-melt frequency by 0.6%. i

The PRA found that the major contributor to dc unavailability is maintenance,
because the Technical Specifications allow operation for 128 hours with one
battery out of service. If maintenance unavailability is reduced by 50% in
addition to improved instrumentation, a reduction of core-melt frequency of
2.5% results. The PRA recommended that allowable outage times for a battery
be reviewed.

Because the 24-V system is used only for neutron monitoring, the staff consid- ;

ered the existing 24-V system indications acceptable.

The staff's positions for the 125-V system required that sufficient de para-
meters have local indication and alarms in the control room so that the operator
is alerted to the operability of the power system. Also, breaker status should
be monitored in the control room or administratively controlled.

It was determined that the 125-V dc bus system has the following status
indications in the control room:

(1) battery charger trouble alarm
(2) de system ground alarm
(3) de bus voltage
(4) battery / bus undervoltage alarm
(5) bus parallel to dc-1A alarm
(6) battery breaker open alarm

Also, all of the feeders to the dc buses, control room distribution panels, the
4-kV ac buses, the 480-V emergency load center buses, and vital equipment are
individually alarmed for loss of dc power in the control room.

The licensee has evaluated the need to provide battery current alarms or indic- ,

Iations in the control room and concluded by letter dated December 27, 1982 that
present indications in the control room are sufficient. The staff is reviewing ,

'this response.

The PRA identified that existing battery outage limits allowed in plant Techn-
ical Specifications were too long. The licensee proposed to evaluate this con-
cern and either propose a revision to the Technical Specifications for staff
approval or justify existing outage limits. This issue is still being
evaluated by the licensee.

8.5 Electrical Penetrations of Reactor Containment (SEP Topic VIII-4) |

The objective of this review was to determine the capability of the electrical
penetrations of the reactor compartment to withstand short circuit conditions of
the worst expected transient fault current resulting from single random failures
of circuit overload protection devices.
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The review examined the protection of typical electrical penetrations in the
containment structure to determine the ability of the pro'.ective devices to
clear faults prior to exceeding the penetration design ratings under LOCA
temperatures.

The following criteria were used to determine compliance with current licensing
requirements:

1. IEEE Standard 317, Paragraph 4.2.4 - "The rated short circuit current and
duration shall be the maximum short circuit current in amperes that the
conductors of a circuit can carry for a specified duration (based on the
ooerating time of the primary overcurrent protective device or apparatus
of the circuit) following continuous operation at rated continuous current
without the temperature of the conductors exceeding their short circuit
design limit with all other conductors in the assembly carrying their rated
continuous current under the specified normal environmental conditions."

This paragraph is augmented by Regulatory Guide 1.63, Paragraph C-1 --
"The electric penetration assembly should be designed to withstand, without
loss of mechanical integrity, the maximum possible fault current versus
time conditions that could occur given single random failures of circuit
overload protection devices."

2. IEEE Standard 317, Paragraph 4.2.5 -- The rated maximum duration of rated
short circuit current shall be the maximum time that the conductors of a
circuit can carry rated short circuit current based on the operating time
of the backup protective device or apparatus, dusing which the electrical
integrity may be lost, but for which the penetration assembly shall main-
tain containment integrity."

3. IEEE Standard 317, paragraph 6.4.14 - "The maximum duration of rated short
circuit shall be verified by the test. The test shall be conducted at

' maximum postulated design basis event temperature and pressure and relative|

humidity. The test current and duration shall be in accordance with Sec-tion 4.2.5 plus margin. The test duration shall be not less than the time
required for the backup overcurrent protection device to function."

The results of typical containment penetrations at LOCA temperatu o concurrent
with a ranem failure of the circuit protective devices were analyzed.

The following formula was used to determine the time allowed before a short
circuit would cause the penetration to heat up to the temperature limit.

2 T +234* t=A .0297 log
p

i +234g

where

time in secondst =

* Based on the heating effect of the short circuit current on the conductor.
Does not take into account heat losses of the conductor, for times less than
several seconds, this heat loss is negligible.

.
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current in amperesI =

conductor area in circular milsA =

initial temperature (138 C, LOCA condition)T =
1

T maximum penetration temperature before failure.
2

In evaluating the capability of the penetration to withstand a LOCA temperature
with a short circuit current, the above formula was used to calculate the time
required to heat the conductor from the LOCA temperature to penetration failure
temperature for currents from rated current to maximum short circuit in 20%
increments. Times for the primary and secondary overcurrent devices to inter-
rupt these fault currents were calculated. Where breaker ratings provided by
the licensee indicated minimum and maximum fault clearing times, the maximum
time was used for conservatism.

8.5.1 Typical Low Voltage (0-1000V) Penetrations

Northeast Utilities identified penetration X-1050 (GE type NSO4) as typical of
low voltage penetrations. This penetration provides 480 V ac power to motor-
operated valve 1-!C-1.

This penetration uses two #8 AWG cables in parallel and has a continuous current
rating of 20 amps per conductor. The maximum available short circuit current
determined by NU is 1600 amps. With a temperature limit of 352*F (177*C) be-
fore seal failure and the maximum short circuit current (1600 amps), over-
temperature is reached in 0.64 second from LOCA temperature initially.

From LOCA temperature initially, the secondary breaker will not operate to
clear any fault currents before penetration seal limiting temperature is at-
tained. However, NU has determined that the outboard seal of this penetration
will have an initial temperature of not more than 90*C. From this temperature

initially, the secondary breaker will still not operated to clear the fault
before the conductor reaches 177*C, However the #10 AWG cable external to the
penetration will fuse before this temperature is reached. The primary breaker
will clear the fault currents before seal limiting temperature is attained pro-
vided that both conductors are intact. There are no Technical Specification
requirements to verify that both conductors have continuity. However, NU veri-
fies continuity upon penetration installation. ii.e staf f concluded that the
penetration meets current requirements for short circuit faults if the primary
breaker operates as designed provided that both cables in the penetration are
operable, j

8.5.2 Typical Medium Voltage (>1000 V) Penetration

Northeast Utilities has identified penetration X-101A (GE type NS03) as being
'

typical of medium voltage penetrations. This penetration provides 4160 V ac
power to Reactor Recirculation Pump 1.

l

This penetration uses two 500 MCM cables in parallel and has a continuous i

current rating of 550 amps per conductor. The maximum available short circuit j
>

current has been determined by NU to be 1700 amps. A temperature limit of |
:: -

-
.

'

- Millstone - FTOL SER 8-16
.

e

L _ _ _ . _ _ . _ _ _ __ _ _ _ . _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ . _ _



_ _ _ _ _ _ __ _ _ _ _ -_ _ _ ___ _ _ _. _ _ ___ - .

!

.

!
I
i 352*F (177'C) has been established based 01 testing. At the maximum short
I circuit current (1700 amps), overtemperature will be reached in 440 seconds
I from LOCA temperature initially.

| Overcurrent protection is provided by a differencial current sensing relay and
a line overcurrent sensing relay each of which will operate to trip the motor

>

generator by securing power to the motor generator motor and opening the gener-
} ator field windings. At 3156 amps of current difference between the output of |4 the generator and the input to the motor, the differential relay will cause a '

i trip of the motor generator in 0.133 second or less. At line current in excess (; of 780 amps, the overcurrent relay will cause a trip of the motor generator in i0.18 second or less. I

i The line overcurrent relay will operate to clear all fault currents in excess
j of 780 a ps prior to reaching the penetration seal temperature limit from LOCA

temperature initially. For fault currents less than 1100 amps, the conductorsi

! will carry less than their rated continuous current (550 amps) provided buth
!

i conductors have continuity. If one conductor is open, the overcurrent device !
t

j will not operate for faults between 550 and 780 amps and penetration overheat- '

i ing may occur. There are no Technical Specifications requiring continuity of
1 the conductors to be checked. However, continuity is verified during installa-

tion of the penetration. The staf f concluded that the penetration met require-
. ments for all fault currents provided that both conductors in the penetration
j are operable.

1
!! 8.5.3 Typical Ofrect Current Penetration

1 {

i Northeast Utilities has identified penetration X-100A (CE type NSO4) as being
.

j typical of DC penetrations. This penetration provides 125 V de power to the
[solenoid valve on main steam isolation valve 203-1A.
j

i l

}
This penetration uses #14 AWG cable and has a continuous current rating of
10 amps. The maximum available short circuit current has been determined by Nu |

I to be 95 amps. With temperature limit of 352*F (177'C) before seal failure and ;

tI the maximum short circuit current (95 amps), overtemperature will be reached in
j 2.38 seconds from LOCA temperature initially. i

j

The staff concluded that both the primary and secondary fuses will operate l,i

to clear all fault currents before the penetration seal temperature limit is i
;

f reached. I'
j i

j 8.6 Environmental Qualification of Electric Equipment Important to Safety
|1
i

j Equipment used to perform a necessary safety function must be demonstrated to
|

] be capable of maintaining functional operability under all service conditions
i

. postulated to occur during its installed life for the time it is required to I

. operate. This requirement, which is embodied in General Design Criteria 1 and '

; 4 of Appendix A and Sections !!!, XI, and XVII of Appendix B to 10 CFR 50, is '

i appilcable to equipment located inside as well as outside containment. More i! detailed requirements and guidance relating to the methods and procedures for
[] demonstrating this capability for electrical equipment were provided in

1 10 CFR 50.49, " Environmental Qualification of Electric Equipment Important to
i Safety for Nuclear Power Plants," NUREG-0588, " Interim Starf Position on Environ-

mental Qualification of Safety-Related Electrical Equipment" (which supplements

1
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IEEE Standard 323 and various NRC Regulatory Guides and industry standards),'

and " Guidelines for Evalt.ating Environmental Qualification of Class IE Electrical
Equipment in Operating Reactors" (00R Guidelines).

:

!

| The staff issued a Safety Evaluation Report (SER) on environmental qualification
of safety-related electrical equipment to the licensee on June 10, 1981. This'

SER directed the licensee to "either provide documentation of the missing quali-
fication information which demonstrated that safety-related equipment met the

i

] 00R Guidelines or NUREG-0588 requirements or commit to a corrective action (re-
] qualification, replacement (etc.))." In response to this the licensee submitted
i

additional information regarding the qualification of safety-related electrical
equipment. This information was evaluated for the staff by the Franklin Research'

Center (FRC) in order to: 1) identify all cases where the licensee's response
did not resolve the significant qualification issues, 2) evaluate the licensee's

' qualification documentation in accordance with established criteria to determineq

j which equipment had adequate documentation and which did not, and 3) evaluate
the licensee's qualif! cation documentation for safety-related electrical equip- t

i

ment located in harsh environments required for TMI tessons tearned Implementa-
*

'

tion. A Safety Evaluation Report was subsequently issued to the Northeast;
Nuclear Energy Company (NNECO) on December 13, 1982, with the FRC TER as an

|
attachment.

!

|
A final rule on environmental qualification of electric equipment important to

' safety for nuclear power plants became effective on February 22, 1983. This
rule, Section 50.49 of 10 CFR 50, specified the requirements of electrical equip-i

; ment important to safety located in a harsh environment. In accordance with

|
this rule, equipment for Millstone Unit 1 may be qualified to the criteria spec- |

i ified in either the 00R Guidelines or NUREG-0588, except for replacement equip-
'

,

| ment. Replacement equipment installed subsequent to February 22, 1983 must be
| qualified in accordance with the provisions of 10 CFR 50.49, using the guidance

of Regulatory Guide 1.89, unless there are sound reasons to the contrary.

On April 10, 1984, a meeting was held to discuss NNECO's Millstone Unit 1 pro-
posed method to resolve the environmental qualification deficiencies identified
in the December 13, 1982 SER and FRC TER. The minutes of the meeting and pro-

-

posed method of resolution for each of the environmertal qualification deficien-
cies were documented in a February 11, 1985 submittal from the licensee.

| The acceptability of the licensee's electrical equipment environmental qualifi-
! cation program was based on the results of an audit review performed by the

staff of: (1) the licensee's proposed resolutions of the environmental qualifi-'

!
cation deficiencies identified in the December 13, 1982 SER and FRC TER; (2) com- |

| pliance with the requirements of 10 CFR 50.49; and (3) justification for contin-
'

ued operation (JCO) for those equipment items for which the environmental quali- |

| fication was not complete.,

1

|
The majority of deficiencies identified were documentation, similarity, aging,
qualified life and replacement schedule. All open items identified in the SER'

dated December 13, 1982 were also discussed and the resolution of these items i

has been found acceptable by the staff with the exception of the inside contain- j

| ment pressure / temperature service conditions. By letter dated June 11, 1985 I

J the licensee proposed to do a plant specific analyses of temperature / pressure
conditions within containment following design basis accidents and provide the'

|
results by December 11, 1985.

' I

!
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The approach described by the licensee for addressing and resolving the identi-
fied deficiencies included replacing equipment, performing additional analyses,

: utilizing additional qualification documentation beyond that reviewed by FRC,
! obtaining additional qualification documentation and determining that some equip-

ment is outside the scope of 10 CFR 50.49, and therefore not required to be
environmentally qualified, e.g., located in a mild environment. The staff dis-
cussed the proposed resolutions in detail on an item by item basis with the
licensee during the April 10, 1984 meeting. The licensee's equipment environ-

I mental qualification files will be audited by the staff during follow-up inspec-
J tions to be performed by Region I, with assistance from.IE Headquarters and NRR

staff as necessary.

The primary objective of the file audit will be to verify that they contain the

] appropriate analyses and other necessary documentation to support the licensee's
conclusion that the equipment is qualified. The inspections will verify that
the licensee's program for surveillance and maintenance of environmentally qual-
ified equipment is adequate to assure that this equipment is maintained in the
as analyzed or tested condition. The method used for tracking periodic replace-'

ment parts, and implementation of the licensee's commitments and actions, e.g.,
regarding replacement of equipment, will also be verified.

,

1

The staff found that the licensee's approach for resolving the identified environ-
mental qualification deficiencies acceptable (Ref. 23). The licensee's approach
for identifying equipment within the scope of paragraph (b)(1) is in accordance
with the requirements of that paragraph, and therefore acceptable. The staff
found the methodology used by the licensee acceptable since it provides reason-
able assurance that equipment within the scope of paragraph (b)(2) of 10 CFR

! 50.49 has been identified. Also the staff found the licensee's approach to
identifying equipment within the scope of paragraph (b)(3) of 10 CFR 50.49
acceptable.

In summary the staff concluded that:

NNECO's Millstone Unit 1 electrical equipment environmental qualification-

program complies with the requirements of 10 CFR 50.49.

The proposed resolutions for each of the environmental qualification defi--

1 ciencies identified in the December 13, 1982 SER and FRC TER are acceptable
i with the exception of the inside containment P/T profiles which the

licensee is required to resolve.
,

Continued operation until completion of the licensee's environmental qual-*

ification program will not present undue risk to the public health and
safety.

4

i

!

i

1
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9 AUXILIARY AND EMERGENCY SYSTEMS

! The original installations are listed and described in the FSAR (Ref. 12).

9.1 Fuel Storage (SEP Topic IX-1)

The purpose of SEP Topic IX-1 was to review the storage facility for new and
irradiated fuel, including the cooling capability and seismic classification

; of the fuel pool cooling system of the spent fuel storage pool in order to as-
sure that new and irradiated fuel are stored safely with respect to criticality,
cooling capability, shielding, and structural capability.

i

By letters dated August 31, 1981 and December 14, 1981 the licensee provided a
safety assessment report. The staff reviewed these submittals and noted that
on June 30, 1977, the Commission issued Amendment No. 39 to Facility License
No. DPR-21 for the Millstone 1 plant. The amendment permitted changes in the
design of the spent fuel storage racks allowing spent fuel storage capacity to
be increased from 1100 *o 2184 fuel assemblies.

A full core for Millstone Unit No. I consists of 580 fuel assemblies. In 1976,;

eleven additional racks of the same design as the original racks were installed'

in the Millstone Unit No. 1 Spent Fuel Pool (SFP) in space originally provided
; for the possibility of such expansion. This increased the original spent fuel
'

storage capacity by 220 assemblies to a total of 1100 assemblies utilizing
storage racks with a center-to-center spacing of fuel bundles of approximately
6.6 inches in the rows and 11.9 inches between rows. Each rack could hold 20
assemblies in two rows of ten assemblies each. The second fuel rack modifi-
cation at Millstone Unit No. 1 (Amendment 39 above) involved removal of these
racks and replacement with racks that provide a uniform 6.5 inch center-to-

; center spacing uf the fuel assemblies. The new racks incorporate B C neutron4' absorber plates between each assembly location in each rack to insure subcrit-
i icality, and increased the storage capability of the SFP from 1100 to 2184
J assemblies.

The new spent fuel storage racks consist of 1/8 inch thick type 304 austenitic
stainless steel square tubes with 6.5 inch center-to-center spacing separated

,

I by cylindrical spacers at the tube corners. B C plate absorbers are placed in4
; the cavity between the square tubes. The tubes are flared at each end and

welded together at the ends to form a unitized array which is subsequentlys

welded to a pre-assembled base. The edge welding provides a watertight seal
for the B C plates and assures that the design center-to-center spacing of4

6.5 inches is maintained.

The elevated base plate contains an opening at each storage location to accept
the bottom flow nozzle of the fuel assembly. Natural circulation of pool water
through the nozzle and up the assembly removes decay heat. The tubes and base

i plate openings were designed to accept the General Electric 7 x 7 and 8 x 8
j fuel assemblies and other assemblies with the same external dimensions and sim-

ilar lower nozzle. design. The absorber plate is B C powder bonded together in4
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a carbon matrix. The absorber is a minimum of 25% B C by volume with the re-4
mainder being carbon and voids. The absorber is fabricated of 0.21" (minimum)
thick x 6" wide x 31" long plates which are inserted in the cavity between the
square tubes.

Since the existing fuel rack design is the same as that reviewed and approved
in the previous NRC safety evaluation for Amendment No. 39 the staff conclusions
concerning the criticality analysis, rack structural, mechanical and material
review, radiation level, nuclear, thermal and hydraulic aspects and heat removal
capability of the spent fuel pool cooling system remain valid.

The design of the storage pool includes a leak collection network behind the
pool liner welds to detect and collect leakage through the welds, a pool water
level monitoring system, and radiation monitoring systems with indications and
alarms. Syphon breaks are provided on those segments of piping which enter the
pool to prevent the water level from dropping below the safe shielding depth.
These features satisfy the requirements of GDC 63, Monitoring Fuel and Waste
Storage, and the guidelines of Regulatory Guide 1.13 Position C.6 and C.7.

Normal makeup to the pool is from the condensate demineralizer system via the
spent fuel pool cooling system. A backup makeup supply is provided by the fire
protection system. The fire protection system is capable of providing the max-
imum makeup requirement. Thus the guidelines of Regulatory Guide 1.13 Posi-
tion C.8 have been met.

The staff concluded that the spent fuel storage facility met the requirements
of GDC 61, 62 and 63 as related to radiation protection, prevention of critical-
ity and monitoring provisions, and the guidelines of Regulatory Guide 1.13 re-
garding the facility design and is, therefore, acceptable.

In response to a staff request, the licensee stated that the spent fuel pool
cooling system was not Seismic Category I, but that it was designed to meet the
requirements of USAS B31.1.0, predecessor to ANSI B31.1. A major difference
between USAS B31.1.0 requirements and those shown in Regulatory Guide 1.26 (i.e.,
ASME Boiler and Pressure Vessel Section III Class 3 requirements) is that ASME
Section III Class 3 requires documentation of the material requirements and a
prescribed nondestructive examination of the weld surfaces. Considering the
benign service conditions of the spent fuel pool cooling system as compared to
primary coolant systems (also included in Regulatory Guide 1.26), the number of
successful years of operation without deficiencies becoming manifest and the
normal spread in the composition in materials the staff concluded that the Mill-
stone 1 spent fuel pool cooling system is acceptable as it relates to Regulatory
Guide 1.26.

The structural response of the Millstone 1 plant with respect to seismic capa- I

bility has been reviewed and presented in NUREG/CR-2024, " Seismic Review of the
Millstone Nuclear Power Station, Unit No. 1 as Part of the Systematic Evaluation |
Program." This review concluded that the reactor building structure (which .

houses the spent fuel pool and new fuel storage vault) has sufficient strength I

to withstand the postulated safe shutdown earthquake loads. |
The staff therefore concluded that the spent fuel storage facility at Mill- I

stone 1 is acceptable with respect to the requirements of Standard Review Plan'

I
I Sections 9.1.2 and 9.1.3.
|
|
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The new fuel storage area is located in the reactor building. New fuel is
stored dry in the fuel storage area. The primary concern would be flooding of
the storage area with the potential for inadvertent criticality.

The new fuel storage racks are designed to store the fuel assemblies in a rec-
tangular lattice at a center to center spacing of approximately 6.6 inches by
11 inches. This spacing is sufficient to maintain subcriticality of the fuel
assuming fully flooded conditions. The construction of the racks is such that
the fuel assemblies can only be inserted in prescribed locations. To prevent
the sudden flooding of the storage vault environment, concrete covers are

i

emplaced over the vault during normal plant operations. These covers also
prevent objects from being dropped into the vault. Drainage is provided in the
vault to prevent liquid accumulation.

Based on the above the staff concluded that the new fuel storage facility meets
the guidance of Standard Review Plan 9.1.1.

The monthly operating data reports (dated March 13, 1985 for example) have been
reporting that following the 1987 refueling outage there will not be sufficient
capacity in the spent fuel pool to remove and store the full core. By 1991 the
current projection is that the spent fuel pool will be full (i.e. , reactor ves-
sel full with 580 fuel assemblies'and spent fuel pool full with 2146 spent fuel
assemblies). By letter dated May 17, 1985, the licensee, as part of the Inte-
grated Safety Assessment Program (ISAP), indicated plans for:

a. Engineering evaluation including design, licensing, fabrication and instal-
lation, of high density spent fuel racks in the Millstone Unit 3 spent
fuel pool to accommodate BWR spent fuel from Millstone Unit 1. Analysis
to include evaluation of a spent fuel transportation cask for fuel shipment -

between Unit 1 and Unit 3.

b. Feasibility study of re-racking the Millstone Unit 1 Spent Fuel Pool to
enlarge spent fuel storage capacity at the station.

The need for such a program is evident, since continued operation beyond 1991
is dependent on new capacity to store spent fuel assemblies from Millstone
Unit 1.

9.2 Station Service and Cooling Water Systems (SEP Topic IX-3),

The safety objective of this topic was to assure that the cooling water systems
have the capability, with adequate margin, to meet design objectives and, in'

particular, to assure that:

a. systems are provided with adequate physical separation such that there are
no adverse interactions among those systems under any. mode of operation;

i b. sufficient cooling water inventory has been provided or that adequate pro-
visions for makeup are available;

; c. tank overflow cannot be released to the environment without monitoring and
unless the level of radioactivity is within acceptable limits;
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d. vital equipment necessary for achieving a controlled and safe shutdown is
not flooded due to the failure of the main condenser circulating water
system.

.

In determining which systems to evaluate under this topic, the staff used the
definition of " systems important to safety." The definition states sve' -

important to safety are those necessary to ensure (1) the intes - 1

dreactor coolant pressure boundary, (2) the capability to shut o * ;t c .s ar

and maintain it in a safe condition, or (3) the capability to gr: F +4 or *d-
gate the consequences of accidents that could result in pote'styi t "in upa-a

sures comparable to the guidelines of 10 CFR Part 100, "'sK ro! L'au t i .: r/ * "
-This definition was used to determine which systems or s icjrg 47 x items , ape
" essential."

The systems reviewed are listed below.

Turbine building closed cooling water system-

Turbine building secondary closed cooling water system-

Reactor building closed cooling water system-

Service Water System-

Emergency Service Water System-

9.2.1 Turbine Building Closed Cooling Water System

The Turbine Building Closed Cooling Water System (TBCCW) is a closed loop system
with three 33% capacity heat exchangers and three 50% capacity pumps. The sys-
tem contains a surge tank which provides net positive suction head for the pumps
and surge volume to accommodate system fluid expansion and contraction. The
TBCCW system cools the following equipment:

Generator H Coolers (4)2
Stator Windings and Rectifier Coolers (2)
Turbine Lube Oil Coolers (2)
Alternator Cooler (1)
Generator Leads Cooler (1)
Recirculating Pump MG Coupling Coolers (2)
Evaporator Vacuum Pump (1)
Priming Pump Coolers (3)

The only safety function performed by equipment serviced by the TBCCW, is that
of the recirculating pump MG coupling coolers. The coolers help maintain seal
integrity. However these pumps are not required to operate as part of the
plant's shut down scheme or post incident, and the licensee indicated that

-cooling:is not required fcr seal integrity once pumps are secured. Therefore,

the staff determined that the TBCCW system is not important to safety.

.
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9.2.2 Turbine Building Secondary Closed Cooling Water System

The turbine building secondary closed cooling water system supplements the tur-
bine building cooling system by providing 80*F cooling water to other auxiliary
equipment in both the turbine and reactor buildings.

The system consists of two pumps, two heat exchangers and control and support
equipment. Each of the two full capacity cooling water pumps delivers 1800 gpm,
which is sufficient to supply all cooling for the following equipment.

Reactor Building Space Cooler (1)
Condensate Pump Motors (3)
Station Air Compressor (1)
Instrument Air Compressor (1)
Condensate Booster Pump Oil Coolers (3)
Reactor Feed Pump Oil Coolers (3)
Turbine Building Sample Coolers (9)
Reactor Building Sample Coolers (2)
Cleanup Pump Space Cooler (1)
Motor Generator Set Space Coolers (3)
Spray Pump Space Coolers (2)
Rod Drive Space Cooler (1)
Control Rod Drive Pumps (2)
Condensate Pump Space Coolers (1)
Reactor Feed Pump Space Coolers (2)
Diesel Generator Space Coolers (2)
Air Conditioning Units (2)
Condensate Booster Pump Space Cooler (1)
Steam Tunnel Space Coolers (2)
Makeup to Diesel Generator Expansion Tank

The turbina building secondary closed cooling water system is considered es-
sential because of the dependency of both the plant's ventilation and feedwater
coolant injection systems.

The two half-capacity heat exchangers are capable of removing the maximum ex-
pected heat load from the system. Each heat exchanger is designed to remove4.9 x 108 Btu per hour. Either heat exchanger is capable of handling the re-
duced cooling loads during accident conditions.

1

A single tank is located above the highest point in the system to handle system
fluctuations and to supply makeup when necessary. A low level alarm is providedfor the head tank. A chemical feeder is provided for addition of corrosion
inhibitor. Control equipment is supplied as needed. All equipment is supplied
with flow control devices for regulation of flow through the heat exchangers.

Water level-is manually maintained in the expansion tank with makeup being sup-
plied from the demineralized water transfer system. A low level alarm is pro-vided for the expansion tank.

As indicated previously, each secondary closed cooling water pump of the system
handles 100% load; therefore, system redundancy is provided. A signal is annun-
ciated in the control room upon loss of a pump. This alerts the operator, who
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manually actuates the alternate pump. The pumps are supplied by emergency power
from either the diesel generator or gas turbine.

Based on review of turbine building secondary cooling water system, the staff
concluded that the design of this system provided sufficient redundancy to ensure
reliable operation except for common piping.

9.2.3 Reactor Building Closed Cooling Water System

The Reactor Building Closed Cooling Water System (RBCCW) is a closed loop system
with two 100% capacity pumps and three 50% capacity heat exchangers. The system
also contains a surge tank which provides net positive suction head for the
pumps and a surge volume to accommodate system fluid thermal expansion and con-
traction. The RBCCW system cools the following equipment:

Fuel Pool Heat Exchangers
Recirculation Pumps and Motors
Drywell Coolers
Reactor Water Clean-up Nonregenerative Heat Exchangers
Reactor Buildi7g Equipment Drain Tank
Filter Recirculation Coolers
Waste Concentrator Condenser
Sparging Air Compressors
Drywell Sump Cooler
Three Concentrator Waste Surge Tanks
Cleanup and Precoat Pump Coolers
Shutdown Cooling Heat Exchanger
Shutdown Cooling Pump Cooler
Xenon / Krypton Equipment

No credit is taken for the containment drywell coolers in accident analyses for
the Millstone Unit 1 plant, and, therefore, they are not necessary for safe
plant shutdown.

The specific equipment and/or systems to which the RBCCW supplies cooling water
which are considered safety related are the spent fuel pool coolers, recircu-
lation pumps (pressure boundary integrity only), and shutdown cooling system.
Cooling is not required to the recirculation pumps to maintain pressure bound-
ary integrity in the short term. Spent fuel pool cooling can be accomplished
by other methods along with sufficient time being available to reestablish
cooling. The capability to provide long term cooling to the spent fuel pool

i was addressed as part of SEP Topic IX-1, Fuel Storage. The shutdown cooling

|
system is not required to bring the plant to safe shutdown or to achieve cold

( shutdown conditions.
I The staff determined that the RBCCW system is not important to safety."

9.2.4 Service Water System
.

Four (4) service water pumps provide seawater for cooling the station systems1
1

listed below. The service water pumps are vertical centrifugal pumps each capa- |

ble of delivering 10,000 gpm. Any three of the pumps are capable of supplying |

sufficient cooling water flow for full power operation of the plant. The heat
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exchangers are of various capacities depending on the cooling loads of the sys-
tem. Temperature and pressure indicators located near the heat exchangers indi-
cate a malfunction in the system. The service water system supplies cooling
for the following equipment:

Normal Flow
Salt Water Heat Transfer

Location (gpm) (108 Btu /hr)
Turbine Building Closed
Cooling Water 9,900 34.0
Reactor Building Closed
Cooling Water 12,000 78.34
Diesel Generator 700 5.0
Turbine Building Secondary
Closed Cooling Water 5,000 8.8

Evaporator (one in operation) 1,350

The Service Water System is censidered essential because it services the Emer-
gency Diesel Generator and the Turbine Building Secondary Closed Cooling Water
System.

In the event of loss of normal power one service pump is supplied from each
emergency power source (i.e. , emergency diesel generator and gas turbine gen-
erator). All non-essential loads are automatically shut off (i.e., TBCCW,
RBCCW and evaporators) and essential load cooling capability is maintained.
During normal operation, if one of the service water pumps fail, the spare pump
takes up the pumping load until repairs can be made. During accident or ab-
normal conditions, one service water pump is required to cool the diesel gener-
ator and the turbine building secondary cooling water system. The immediate
and long-term effect of losing the service water system results in shutting
down the diesel generator. In this event,- the gas turbine generator is used to
supply emergency power since its cooling requirements are independent of the
service water. The loss of service water then results in the loss of the tur-
bine building closed cooling water system.

The staff' concluded that the design of the SWS provides sufficient redundancy
to ensure reliable operation with the exception of common piping.

3.2.5 Emerg n y Service Water System

The station emergency service water system provides cooling water from the Long
Island Sound to the low pressure core injection (LPCI) system heat exchangers.

The emergency service water system consists of four (4) pumps, two heat ex-
changers, piping, and control and support equipment. The four pumps are grouped
into two sets of two pumps. Each set of pumps provides 5,000 gpm (2,500 gpm/
pump) of seawater to one LPCI heat exchanger. Either set of pumps and heat
exchanger is capable of handling the heat load of the LPCI system. Each set of
pumps is individually piped to the respective heat exchanger, resulting in two
completely segregated emergency service water systems. Support equipment in-
cludes two self-cleaning strainers, one in each line to the heat exchangers.
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In the event of loss of normal AC power, power for either set of emergency ser-
vice water pumps can be supplied from the emergency power sources. This system
power alignment is a manual operation.

Should either set of pumps or the respective heat exchanger fail, the other set
of pumps are placed in operation until repairs are made.

The pressure of the emergency service water system is maintained at a 15 psi
differential above the LPCI cooling system pressure for the entire range of
operation with a differential pressure control valve. This is done so that if
a leak occurs in the LPCI cooling system, the leakage is into the cooling system
instead of permitting the release of possibly radioactive contaminants to the
service water and thereby into the Long Island Sound.

Isolation of leaking ESWS components is accomplished by securing the associated
pumps either manually by isolating the containment spray / cooling heat exchanger,
or closing the motor operation discharge valve of the affected loop.

The LPCI pumps are activated on either a signal of reactor low water level and
low reactor pressure, or a signal of high dry-well pressure. The containment
cooling function can be performed with the LPCI system after the core is flooded.

Two of the LPCI pumps can then be shut down and two containment cooling emer-
gency service water pumps will be started manually to provide cooling water to
the containment spray / cooling heat exchangers. The suppression chamber is
equipped with temperature alarms at approximately 85 F; after receiving these
alarms operator action is required to establish emergency service water flow
through the heat exchangers.

The staff concluded that the design of the ESWS provides sufficient redundancy
to ensure reliable operation, in the event that it is required to supply cooling
to the containment spray / cooling heat exchangers following an accident.

Based on tne review of service and cooling water systems, the staff concluded
that the essential systems and functions are:

.

Service Water System: Diesel Generator and Turbine
building secondary closed cooling water heat exchanger

Emergency Service Water System: Low pressure core injection
heat exchanger

Turbine Building Secondary Closed Cooling Water System: Plant
ventilation systems and feedwater cere injection system

The staff determined that these systems are in conformance with current criteria
for this topic except for non-redundant piping in the service water system and
the turbine building secondary closed cooling water system. A single failure
in nonredundant pipe runs of the service water system and the turbine building
secondary closed cooling water system could result in loss of system function.

The service water system is susceptible to a single passive failure in the pipe
|

run from the intake structure to essential equipment located in the reactor and
turbine buildings. The essential equipment serviced by the service water system
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is the diesel generator and the turbine building secondary closed cooling water
system heat exchangers. The equipment serviced by the turbine building secondary
closed cooling water system consists primarily of components of the feedwater
coolant injection (FWCI) system. Since loss of this equipment will not inhibit
safe shutdown of the plant, the turbine building secondary closed cooling water
system can be considered nonessential for the purposes of this review.

A passive failure in the service water line would also result in loss of cooling
to the diesel generator; however, the gas turbine generator, which is air cooled,
could provide emergency power. Should the gas turbine also be unavailable, the
isolation condenser, which is independent of ac power, could be used to maintain
the plant in a safe shutdown condition.

The limited PRA of this issue found that failure of the station service and
cooling water systems that appeared in the dominant accident sequences had prob-
abilities of approximately 10 3 and pipe segment failure had probabilities of
about 10 9; thus, the effect on core-melt frequency or risk is negligible. The
limited PRA did not consider the issue of the service water lines underlain by
peat. These pipes may experience excessive settlement resulting in excessive
pipe stresses. Rather, the limited PRA performed was based on historical pas-
sive pipe failure rates per unit length of pipe. The potential affect of the
pressure of peat moss has not been resolved at this time.

9.3 Ventilation Systems (SEP Topic IX-5)

It was necessary to review the design and operation of ventilation systems to
assure capability to provide a safe environment for plant personnel and for
engineered safety features. For example, the function of the spent fuel pool
area ventilation system is to provide ventilation in the spent fuel pool equip-
ment areas, to permit personnel access, and to control airborne radioactivity
in the area during normal operation, anticipated operational transients, and
following postulated fuel handling accidents. The function of the engineered
safety feature ventilation system is to provide a suitable and controlled envi-
ronment for engineered safety feature components following certain anticipated
transients and design basis accidents.

The Integrated Plant Safety Assessment Report for Millstone Nuclear Power
Station, Unit 1 (NUREG-0824 Ref. 5), identified a concern related to the loss-of-
ventilation event for several areas housing safety-related equipment. By letter
dated April 18, 1983 the licensee provided an assessment of the outstanding
issues. These items are discussed below.

9.3.1 Core Spray and Low-Pressure Coolant Injection (LPCI) Ventilation Systems

The emergency core spray pumps and LPCI pumps are located in corner rooms on
the basement level of the Reactor Building. Post-incident cooling units for
these areas are not redundant. Thus, a single failure could result in a loss
of room cooling. This could adversely affect the performance of the safety-
related equipment located in these areas.

The licensee responded that the coolers are not essential for maintaining the
components located in these rooms within thermal design limits. To support I

this conclusion, the licensee, by letter dated December 3, 1982 provided the i

results of an earlier test performed on April 22, 1970. The objective of this |
|
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test was to verify the extent of the conservatism in the calculations of ECCS
pump room heat up under the most adverse postulated conditions which included:
only one LPCI cooling loop available; one core spray pump available in the same
corner room; suppression pool at highest allowable initial temperature prior to

| accident; highest ambient air temperature for the site; and loss of pump room
air coolers.

i

The staff reviewed the licensee's evaluation and referenced test and concluded
that failure of the ventilation cooling would not likely cause a failure of the
safety-related equipment in the room. Although worse conditions than those
used in the test might occur, such conditions coincident with a need for the
equipment are highly unlikely. Even if such a combination of conditions were
to occur and cause a failure of the equipment in the room, the redundant train
of equipment located in another room, which is served by a separate cooling
system, would still be available to accomplish the safety function. Conse-
quently, the staff concluded that loss of room cooling would not adversely
affect performance of CS and LPCI.

9.3.2 Turbine Building Ventilation System

The Turbine Building Ventilation System services all areas within the Turbine
Building, which includes ventilation for the following equipment which is consid-

i ered safety-related; feedwater coolant injection system (condensate pumps, con-
densate booster pumps, and reactor feedwater pumps), switchgear rooms, emergency
diesel generator, battery room, secondary closed cooling water pumps, and related.

| piping valves and controls.

i
Following a loss of offsite power event, operator action is required to reiniti-!

ate the Turbine Building Ventilation System. Thus, cooling of this equipment
would be lost for such events, until ventilation is restored. In addition,
this ventilation system serves as the hydrogen control mechanism for the battery
rooms.

; The results of the licensee's evaluation indicated that the components which
contribute the largest heat loads in the Turbine Building during a loss of off-<

site power event are the 480 volt load centers 1, 2, and 2A and both the load
j center and switchgear heaters. The licensee's analysis of tne heat gain during

the summer in the area of this equipment indicates-that the ambient temperature
'

would increase to 104*F (design temperature) in approximately 30 minutes. Of
these heat sources, all of the load center and switchgear heaters and 480 volt

,

load centers 1 and 2 receive power from the gas turbine generator. Only the |
'

480 volt load center 2A is powered by the diesel generator. The evaluation. '

that was performed for this area assumed that both the diesel and gas turbines
start and run.

,

I

j However, the licensee's evaluation found that should the gas turbine fail to
start, the heat loads in this area would be significantly reduced (i.e., loss;

of heaters and load centers 1 and 2) to the point where ventilation in the area+

would not be required. Therefore, since ventilation in this area is required

| only when the gas turbine generator is operating, and sufficient time (a minimum
of 30 minutes) is available for operator action, the licensee committed to revise

,

! the plant operating procedures, to instruct the operator to start both the supply

; and exhaust ventilation fans in the switchgear area if the gas turbine starts
successfully during a loss of offsite power event.

|
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1

With. respect to the accumulation of hydrogen, the licensee ca'culated the maxi-'

mum rate of hydrogen production in each battery ruom to be approximately
0.207 cubic feet per hour. Considering the size of the battery rooms, an in-

; crease of 1% hydrogen by volume in the smaller battery room is expected to take
! approximately six (6) days. Therefore, it would require considerable time for

hydrogen concentration to reach combustible concentration. Due to the low hy-
drogen production rate and the presence of the combustible gas detector systems,
the staff concluded that sufficient time (i.e. , days) is available for the
operator to either restore offsite power or to successfully start the diesel

j- generator to provide ventilation before the limit of combustion is reached.
,

'

Based on this information and the licensee's commitment to modify the plant
operating procedures, the staff considered these issues resolved.

i 9.3.3 FWCI and Diesel Generator Area Coolers
;

; The staff had indicated that insufficient information was provided on the design
i

and operation of the area space coolers for the FWCI and diesel generator areas.
1 This precluded the staff from completing its review of these units. Subsequently,
; the licensee evaluated the design and operation of both area cooling systems.
j

i The licensee's evaluation of the heat gain during the summer in the vicinity
of the FWCI components indicates that the area coolers must be operable tn main-
tain these areas below the 104 F design temperature. The cooling capacity of,

j these area coolers is sufficient even with the loss of one cooler. If the area
coolers are operating, the ventilation system is not essential, however, the
heat removal capacity of the ventilation system alone is not sufficient to cool

j these areas without operation of the area coolers.

The FWCI area space coolers did not receive emergency power. However, the li-
censee committed to modify these units so that the area coolers will be automat-,

! ically sequenced onto the gas turbine generator. Since the diesel generator
does not power the FWCI system, these area coolers would only be required if! the gas turbine is operating. Therefore, redundant power supplies are not
required.

As a result of the licensee's review of the space coolers in the diesel generator
area it was determined that both area coolers are automatically sequenced ontoj

j the diesel generator. Each area cooler has a heat removal capacity of 500,000
BTU /hr, which is sufficient to cool this area without requiring the ventilation
system to be operabla.

Based on this information and the licensee's commitment to automatically sequence
| the FWCI area space coolers onto the gas turbine ganerator, the staff considered'

these issues resolved.

9.3.4 Intake Structure Ventilation System
i

1 In the topic evaluation, the staff indicated that insufficient information was
provided to support the licensee's position that active ventilation is not re-

! quired for the intake structure.

.The licensee subsequently evaluated the heat buildup in the intake structure
during the summer due to operation of the service water and emergency service

:
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water pumps and determined that starting one of the 20,000 cfm exhaust fans
will provide sufficient cooling. Operation of only one fan will provide a com-
plete air change in the affected area in approximately four (4) minutes.

The two 20,000 cfm exhaust fans did not receive power from an emergency bus.
However, the licensee committed to modify the exhaust fans so that one unit is
automatically sequenced onto the diesel generator and the other unit is auto-
matically sequenced onto the gas turbine generator.

Based on this information and the licensee's commitment to modify the power
supplies for the exhaust fans, the staff considered this issue resolved.

9.4 Fire Protection

Following a fire at the Brown's Ferry Nuclear Station in March 1975, the Nuclear
Regulatory Commission initiated an evaluation of the need for improving the
fire protection programs at all licensed nuclear power plants. As part of this

continuing evaluation, the NRC, in February 1976, published the report by a
special review group entitled, " Recommendations Related to Browns Ferry Fire,"
NUREG-0050. This report recommended that improvements in the areas of fire
prevention and fire control be made in most existing facilities and that consid-
eration by given to design features that would increase the ability of nuclear
facilities to withstand fires without the loss of important functions. To im-
plement the report's recommendations, the NRC initiated a program for reevalua-
tion of the fire protection programs at all licensed nuclear power stations and
for a comprehensive review of all new licensee applications.

The NRC issued new guidelines for fire protection programs in nuclear power
plants which reflect the recommendations in NUREG-0050 and all licensees were
requested to: (1) compare their fire protection programs with the new guide-
ines; and (2) analyze the consequences of a postulated fire in each plant area.

The staff reviewed the licensee's analyses and visited the plant to examine the
relationship of safety-related components, systems and structures with both
combustibles and the associated fire detection and suppression systems. The

staff's review of the fire protection program was documented in a Safety
Evaluation report dated September 26, 1978. )

The staff review was limited to the aspects of fire protection related to the
protection of the public from the standpcint of radiological health and safety.
It did not consider aspects of fire protection associated with life safety of
onsite personnel or property protection, unless they impacted the health and
safety of the public due to the release of radioactive material. Fire protec- |

tion improvements are included in the following amendments: |

9.4.1 Amendments No. 53, 70 and 71 to Provisional Operatinc License No. DPR-21
dated September 26, 1978, November 19, 1980, and February 13, 1981

These amendments added license conditions relating to the completion of facility
modifications and implementation of administrative controls for fire protection,
and modified the Technical Specifications to require three operable fire pumps
and additional spray and/or sprinkler systems and fire hose stations to be oper-
able in the turbine building. The limiting conditions for operation with two
inoperable fire pumps require a fire watch.
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!

! All modifications were to be completed by the end of the 1980 spring refueling
j outage. The modifications are:
i

9.4.1.1 Fire Detection Systems,

t

| Early warning automatic fire detection systems in the following areas:

(1) Control boards and cabinets in the control room
; (2) Reactor building elevation 82 feet
j (3) Reactor building elevation 65 feet
} (4) Reactor building elevation 42 feet
1 (5) Reactor building elevation 14 feet

(6) Turbine building elevation 14 feet
(7) Turbine building elevation 26 feet

] (8) Turbine building elevation 34 feet
4 (9) Turbine building ventilation equipment room elevation 54 feet
j (10) Screen house building

(11) Liquid radwaste building
i

The power supply for fire detection systems to provide for a power source from
the plant emergency power supply or a nonvital power supply with battery back-up.,

)

9.4.1.2 Yard Hydrants
t

Additional manual fire fighting tools in each hose house.
,

The undermining of the hydrant adjacent to the gas turbine building repaired
' and the cause corrected.

A hydrant inspection program to insure proper hydrant operation during an emer-
gency (inspecting the hydrants in the fall and in the spring).

>

I 9.4.1.3 Hose Stations
i

Hose nozzles of the high velocity Rockwood spray type with ball shutoff replaced
with 1-1/2-inch "All Fog" adjustable nozzles to provide adequate reach. Hose

} nozzles capable of the straight stream mode provided, if required, to insure hose
| stream reach to cable trays located at higher levels.
t

| Hose racks to store 100 feet of hose where provided, or 50 feet of hose stored
i in a donut roll.

The hose station on the east wall of the reactor building at elevation 108 feett

'

relocated to the southeast stairwell,
i

The hose station in the northeast corner of the reactor building at elevation
65 feet relocated to an accessible location.

,

The hose station on the south wall of the machine shop lowered.
I The hose station at the' lower elevation of the liquid radwaste building relocated

to the stairwell entrance.4

>

,

|
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A low flow capacity booster hose station provided in the area of safety-related
electrical equipment, motor control centers, and switchgear located on the
southeast end of the turbine building at elevation 36 feet.

9.4.1.4 Water Suppression Systems

The gate valve in the feed to the deluge system for the diesel generator room
replaced with an outside stem and yoke valve.

The sprinkler in the miscellaneous oil storage room piped to a system capable
of sounding a water flow alarm.

A post barricade provided to protect the actuation valve for the gas turbine
area deluge system. The valve labeled and painted red.

An autcmatic sprinkler system to provide coverage over the curbed area of the
motor generator sets.

Automatic sprinklers in the vicinity of redundant safety-related cable trays in
the reactor building on elevation 14 feet.

Automatic sprinklers in the reactor building railroad airlock area.

Automatic sprinklers over the lubrication systems for the condensate booster
pumps, reactor feedwater pumps, and in the turbine building unloading area.

Automatic sprinklers in the area of the cable trays in the turbine building
mezzanine at elevation 26 feet.

Sprinkler heads to provide a water curtain to protect the louvered openings
in the south wall of the auxiliary boiler room and the rollup doors in the west
wall.

: 9.4.1.5 Gas Suppression Systems
!

system protecting the gas turbine generator 10-
| A disable switch for the CO2
; cated in the gas turbine control cubicle to actuate a control room alarm when
j the CO system is disabled.2
!

| A pre-engineered Halon suppression system in.the Unit 1 fire pump house. An i'

alarm in the control room to indicate system actuation.
j

! 9.4.1.6. Portable-Extinguishers i

;

i Two 17 pound Halon 1211 extinguishers in the control room.
i
!

Portable fire extinguishers for the following areas:
I
' - (1) Refueling floor of the reactor building.

i (2) Entrance to the standby liquid control system area.
i

| (3) Reactor building elevation 65 feet.

I
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|

!

(4) Reactor building motor generator set area. '

! (5) Reactor building reactor cleanup system area.

(6) Reactor feed pumps.
,

,

(7) Auxiliary boiler room.

9.4.1.7 Fire Doors;

The doors from the condenser bay area to adjacent areas where safety-related,

electrical equipment is located replaced with three-hour rated fire doors.
.

The door to.the turbine building unloading area replaced with a 1-1/2-hour:

i rated fire door.
:

9.4.1.8 Supervision of Fire Doors

Fire doors for safety-related areas inspected semiannually to verify that self-;

! closing mechanisms and latches are in good working order. Unsupervised and-
unlocked self closing fire doors in safety-related areas inspected daily to>

I verify that they are in the closed position.
i ,

9.4.1.9 Fire Dampers

| Ventilation penetrations in t:.. usese, generator room protected by the addition
i of three-hour rated fire dampers.
j

| The ventilation openings in the west wall of the auxiliary boiler room provided
with three-hour rated fire dampers.

!

9.4.1.10 Valve Supervision
'

All post-indicator valves and isolation valves in the fire water piping systems
to be electrically supervised or administratively controlled by the use of
lecks or seals. Periodic inspections to verify that valves are in the proper '

'

position.

9.4.1.11 Ventilation Equipment

Three fire service smoke ejectors of the explosion proof type, rated for 9500 cfm:

each, at the site for fire brigade use.

9.4.1.12 Air Breathing Equipment
#

,

', An onsite recharge capability for air breathing equipment capable of recharging
30 air bottles within a period of 4 hours.

9.4.1.13 Fire Barrier Penetrations.

Fire barrier penetration seals with a fire rating equal to the rating of the,

fire barrier penetrated up to a limit of 3 hours for the following areas:

:
1

Millstone - FTOL SER .9-15>

. _ . _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ - _ _ - _ _ _ _ _ - _ _ . _ _ _ _ _ _



. _ _ . . . _ _ _ _ . _ _ _ - _ . _ _ . - _. _ _ _ _ _-._. _ - _ _.._. - _____ _.

I

*

j (1) Reactor building elevation 82 feet.
|

.

(2) Reactor building elevation 65 feet.

]
(3) Reactor building elevation 42 feet.

f (4) Reactor building elevation 14 feet.

(5) Turbine building elevation 14 feet.
,

(6) Turbine building elevation 34 feet.
i
!(7) Diesel generator room

I 9.4.1.14 Control of Combustibles
!

| Styrofoam, used as a dam when penetrations were sealed, removed.

Combustible file storage boxes and combustible furniture in the kitchen area ;

I removed from the control room. |

1

All wood used in safety-related areas replaced with treated fire retardant lum- [

| ber or treated with a fire retardant coating. Plastic barrels used in safaty-

i related areas for collecting used protective clothing replaced with steel Darrels.
i

A curb provided to enclose the primary coolant pump motor generator sets toj
limit an oil spill. |,

Curbs provided at the door to the turbine lobe oil storage room and separating1
1

i

the main condensate pumps and the condensate booster pumps.
,

.

Air flow supervision for the battery room exhaust with an alarm in the control
j room.
6

|
Wood blocks and scaffolding stored in the turbine building at elevation 54 feet
treated with a fire retardant coating.

i

|
4

'

j Waste oil and wcod dunnage removed from the gas turbine building.

The wooden stop blocks in the screen house treated with a fire retardant coating. j:

i

'

9.4.1.15 Protection of Structural Steel )
'

|
The structural supporting members of the boiler room roof protected with three-

I

1

!
j hour fire rated protection.

!'

Structural steel in the turbine lube oil storage room provided three-hour fire
rated protection.

9.4.1.16 Water Damage Protection

Safety-related electrical equipment protected from water damage in areas where
additional water suppression systems are being provided.
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9.4.1.17 Emergency Lighting

The operation of fixed lighting units periodically checked in accordance with
the manufacturer's recommendations. Batteries for portable handlights dated
and periodically replaced in accordance with the manufacturer's recommendations.

9.4.1.18 D.C. Power Sources

A normally open circuit breaker provided in the dc bus cross tie.

An administrative control established to maintain the circuit breakers in the
open position for the alternate sources of de control power for switchgear.

9.4.2 Amendment No. 83 to Provisional Operating License No. DPR-21 dated April 2,
1982

The amendment incorporates limiting conditions for operation and surveillance
requirements for the fire protection modifications implemented in accordance
with the staff Fire Protection Safety Evaluation Report (FPSER) (License
Amendment No. 53).

The staff concluded that the proposed Technical Specification changes are in
accordance with the staff FPSER and consistent with the fire protection re-
quirements contained in the BWR Standard Technical Specifications. These
modifications represent an increased effectiveness of the Fire Protection
System for Millstone Station Unit 1. On this basis, the staff found the pro-
posed technical specification changes acceptable.

9.4.3 Amendment No. 93 to Provisional Operating License No. DPR-21 dated
November 2, 1983

This amendment authorized changes to the technical specifications to allow
standardized testing on Carbon-Dioxide and Halon 1301 fire control systems.

Because water is not injected into gaseous fire suppression system piping and
because the areas in which piping and nozzles are located do not contain dusting
or corrosive atmospheres, there is no significant potential for rust or debris
formation within the system components. A blockage, if one should occur, would
be more likely to arise at the nozzles. However, the licensee's inspection
procedures, which conform to the requirements of National Fire Protection
Association Standards Nos. 12 and 12A for carbon dioxide and halon fire sup-
pression systems respectively, will provide reasonable assurance that any
blockage is discovered and corrective action taken. The staff concluded that
the substitution of visual inspection procedures for discharge tests on carbon,

' dioxide and halon fire suppression systems is acceptable.

9.4.4 Title 10 Code of Federal Regulations Part 50 Appendix R Fire Protection<

Program for Nuclear Power Facilities Operating Prior to January 1,1979

In February,1981, the Fire Protection Rule (10 CFR 50.48 and Appendix R to
10 CFR 50) became effective. By letter dated March 1, 1982 and July 16, 1982,
the license requested ten exemptions from the specific provisions of Sec-
tion III.G of Appendix R to 10 CFR Part 50. The staff concluded in the draft
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SER issued January 6, 1983 that the licensee's alternate fire protection config-
uration in the Turbine Building Cable Vault (T-16) and Switchgear Area (T-198)
represented an equivalent level of safety to that achieved by compliance with
Section III.G of Appendix R but recommended that exemptions for the remaining
eight areas be denied.

By letters dated April 15, 1983, and December 4, 1984, August 7 and 23, 1985,
the licensee provided additional information, including commitments to provide
added fire protectiun in support of the 8 previously requested exemptions that
the NRC had indicated would be denied.

The licensee reassessed the safe shutdown concept at Millstone 1 based on a
redefinition of Reactor Building and Turbine Building fire areas. As a result
of this reassessment, the licensee withdrew two exemptions, combined three others
into one, and requested one new exemption. The resulting exemptions requested
by the licensee are as follows:

9.4.4.1 Main Control Room (Fire Area T-21)

The licensee requested an exemption from the technical requirements of Sec-
tion III.G.2.b to the extent that it requires that redundant shutdown divisions
be separated by more than 20 feet free of intervening combustibles, in an area
protected by automatic fire detection and automatic fire suppression systems.

The room is bounded on three sides by reinforced concrete walls. The fourth
! side consists of a metal panel and glass wall which separates the Units 1 and

2 control rooms. The floor and ceiling are reinforced concrete. Openings
into the room are protected by doors, dampers or fire-rated penetration seals.

Combustible material in the room consists primarily of cable insulation and
paper which represents a combined fire loading of about 14,000 BTU /ft2,

The control room contains the controls for normal station operation and for
shutdown of the plant under all anticipated conditions. Operating indicators,
controls, and alarms are mounted on an L-shaped walk-through control board.
Auxiliary electrical equipment cabinets are located in the area behind the

i control boards.
|

Existing fire protection im.ludes: a smoke detection system located above the'

main control board and in ivreas that are out of the line of vision of the .

operators at the control console; portable fire extinguishers; a manual-hose I
|station; portable smoke exhaust fans; and self-contained breathing apparatus.

The licensee proposed the following modifications-
|

1. Customized administrative controls to minimize introduction of flammable
liquids in the control room.

2. Normal operating procedures to require an inspection each shift in the
control room for flammable materials.

| 3. All openings between the cabinets and the floor that would allow a

|
spilled, flammable liquid to enter the cabinets sealed.

|
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j

i

r

4. A Halon 1301 suppression system to provide fire suppression inside the
i

I
entire control room with detection consisting of both ionization and

,

photoelectric sensors to automatically initiate the suppression system.
(The system will also have manual activation capability).

S. Protective material around MSIV control cables to eliminate their suscept-,

ibility to hot shorts,,

i

! 6. Disconnecting devices in ADS valve control circuitry to assure closure ofi these valves during a control room fire. 1

', 7. The Millstone Unit No. 1 - Millstone Unit No. 2, 4-kV cross-feed bus to
<

[

'

I facilitate the alignment of Unit 2 emergency AC power to the Unit 1
; emergency busses.
i

8. Procedures to assure the following:

i Capability to achieve safe shutdown with the loss of equipment in-

'

any one of the four control room fire zones.
t

Spurious operation of affected equipment can be compensated for; -

i using alternate systems and manual actions.
1

j Actions being taken outside the control room are achievable-

considering a fire in the control room, time needed to accomplish
;

i the function and manpower required.

Repairs to power cabling to ensure local operation of a CRD pump
-

during a control room fire.
; 9. Fire stops in enclosed overhead cable trays leading to ACB 950. (The! fire stops will be installed at the boundaries of the four fire zones in
j the control room.)

The licensee has developed alternate shutdown methods under the assumption that:
a control room fire will cause the loss of function of all systems in any one! of four overlapping fire zones.

The control room is not in compliance with Section.III.G because of-the lack of
adequate physical separation between redundant shutdown divisions and the lack:

of an alternate shutdown capability independent of the control room.4

'

The Unit I control room is enclosed by complete reinforced concrete construc-
i tion except at the Unit 2 Control Room, where-a smoke barrier (metal panel and
I glass) is installed. Openings are protected by doors, dampers or fire-rated

penetration seals. Also, in all other plant locations, redundant safe shutdown
divisions are separated and protected so that one division will remain free ofi

'

fire damage. The staff, therefore, had reasonable assurance that a fire that
i'

occurs ~ outside of the control room would effect only one shutdown division
! within the control room and because the control room is a separate fire area
!

from the rest of the plant, a fire that occurs anywhere else in the plant will
-not endanger control room operators.

J

]

l
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The fire hazard within the control room is low. In situ combustible materials
consist mainly of paper, cable insulation within the control panels, and small
quantities of anticipated transients combustibles. The quantity, nature, and
distribution of the in-situ combustibles is such that if a fire were to occur,
it would not propagate quickly or extend over a large area of the control room.
The hazards associated with transient combustible materials will be further
mitigated to a limited extent by the shift inspections and licensee's admin-
istrative controls. These measures reduce the probability of accumulating
additional combustible materials. because the control room is continuously
manned and because a fire detection system is present in all areas outside of
the normal line of sight of the operators, it is expected that any potential
fire would be detected in its incipient stages. This early fire warning
capability, coupled with the portable fire fighting equipment in the room,
provides reasonable assurance that a fire will be discovered and suppressed
before reaching a significant magnitude. The staff therefore concluded that a
fire located away from the control panels would not pose a direct threat to
safe shutdown systems in the panels.

Because of the limited spatial separation between redundant shutdown divisions
in either the auxiliary panels or the main control console, a fire at or within
the panels has the potential for damaging both divisions. Protection against

this hazard is achieved by the installation of seals at the floor around the
panels and console which will prevent a spilled liquid from flowing into the
cabinets. Additional protection against this hazard will be the automatic
Halon 1301 fire suppression system that will be installed to provide fire sup-
pression inside the entire control room. The customized administrative con-

: trols and the need to keep the space around the panels free of obstruction for'

operator access, will help preclude accumulations of combustibles to a signifi-
cant degree.

If a fire should occur at, near, or within the panels, it is possible that the
fire or fire suppression activities, such as the discharge of a portable fire
extinguisher, may cause a loss of function of a portion of the main control
board or auxiliary control panels. Safe shutdown conditions could still be
achieved and maintained via the alternate shutdown capability.

Within the control room, the licensee has committed to provide an automatic
halon fire suppression system. The suppression system also has the capability
for manual activation if the operators become aware of a fire at an earlier

The staff concluded that any fire within the control room would bestage.
rapidly detected and either automatically or manually suppressed before serious
damage could occur.

Local fire damage to the panels is possible. It is the staff's opinion that,

because of the limited nature of the fire hazards and the level of fire pro-
tection in the control room, the worst damage expected would be complete loss
of two adjacent panels in the main control console or vie enclosed auxiliary

The licensee has demonstrated that safe shutdown can be achievedcontrol panel.
if fire causes a loss of function to the shutdown systems in any one of the four
control room fire zones. The staff found this acceptable.

The remaining concern related to the effects of a fire on control room habit-
Because the achievement of safe shutdown after a fire in the controlability.

room is dependent on some undamaged safe shutdown systems in the room, fire
|

!
!
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effects have to be limited so that safe shutdown can be achieved and maintained
if control room evacuation becomes necessary for a period of time.i

Considering the limited fire hazards in the control room, the continuous pres-
ence of control room operators and the added fire protection proposed by the

,

4 licensee, including an automatic fire suppression system in the control room,
! the effects of a fire in the control room would not be serious enough to cause
j long term evacuation. It is the staff's judgment that control room habitability
. could be reestablished within one hour after evacuation became necessary, with

! reliance upon the manual smoke removal system, portable exhaust fans, and self-
contained breathing apparatus.

The. licensee has demonstrate'd that safe shutdown can be achieved and maintained
j if either the control room remained habitable during a fire or if evacuation
i became necessary for at least one hour. The staff therefore, had reasonable
'

assurance that under all credible fire scenarios for the control room, a capa-
bility to achieve and maintain safe shutdown conditions will remain free of

i fire damage.

Based on the above evaluation, the staff concluded that the existing fire
protection with the proposed modifications provides a level of fire protection1

{ equivalent to that of Item III.G.2. Additional modifications needed to meet
the requirements of Section III.G. of Appendix R would not significantly

] increase fire safety of the plant. Therefore, the licensee's request for
exemption from Section III.G.2 of the Appendix R to 10 CFR 50, for the control4

room was granted by NRC letter dated October 1985.*
,

j 9.4.4.2 Elevation 14'-6", Turbine Building Reactor Feed Pump Area (Fire Area
] T-5B and C)
J
'

Exemption Requested

! The licensee requested an exemption from the technical requirements of Sec-
tion III.G.2.c to the extent that it requires an area-wide fire suppression sys-

| tem where redundant shutdown divisions are protected by a 1-hour fire barrier
i and an automatic fire detection system. The Turbine Building is considered a
i single tire area. Within it, the licensee has identified the Reactor Feed Pump

| Area as a location where automatic sprinkler protection has not been provided
per Section III.G.2.c.

,

t
Safe shutdown equipment present in this location consists of reactor feed;

pumps A and B; supporting lube oil pumps A and B; and motor control centers4

I (MCC) 2-4 and 2A-4 and shutdown-related cables.

Combustible material includes cable insulation, lubricating oil, and health
physics gear (clothing and paper), which represent a combined fire load of
about 110,000 BTU /ft2,

Installed fire protection includes: partial automatic sprinkler protection, a
fire detection system; cable tray fire stops, manual hose stations and portable1

i fire extinguishers. The licensee committed to protect one train of the redun-
|- dant emergency diesel generator power and control cables in a 1-hour fire-rated
j barrier and to protect the cables by an automatic sprinkler system.

1
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!

; The technical requirements of Section III.G.2 were not met because of the lack
| of an area-wide automatic fire suppression system. The staff was concerned
i that a fire of significant magnitude would cause the loss of redundant shutdown

systems. However, the feed pump area is protected by an automatic fire de- i

'

tection system which alarms in the Control Room. If a fire shoud occur, it;

would be detected in its formative stages before significant temperature rise ori

flame propagation occurs. The plant fire brigade would then be dispatched to i

! the area to extinguish the fire using the manual fire fighting equipment avail-
[ able in the area.

i

i If rapid fire spread occurred before the arrival of the brigade, the existing
'

and proposed sprinkler systems would actuate to limit fire spread, reduce room
temperatures and protect the shutdown-related components. The cable fire-barrier
will protect one division of redundant shutdown-related cables from damage until :d

; the fire is extinguished.
i

i All other shutdown systems have redundant counterparts in other fire areas or
j are required only for cold shutdown and can be repaired within 72 hours. The

i
; staff therefore, has reasonable assurance that if a fire occurs in the feed

! pump area, safe shutdown could be achieved and maintained.
!

! The staff concluded that the licensee's alternate fire protection configuration,-
will achieve an acceptable level of fire protection equivalent to that provided

i by Section III.G.2. Therefore, the licensees request for exemption for the
Reactor Feed Pump Area was granted by NRC letter daterd October 1985.

! 9.4.4.3 Elevation 34'-6", Turbine Building Switchgear Area (T-19A)
i

The licensee requested an exemption from the technical requirements of Sec-
| tion III.G.2.c to the extent that it required an area-wide fire suppression
! system and a complete 1-hour fire-rated barrier in an area where redundant shut-
| down systems are protected by a fire detection system. The Turbine Building
; is a single fire area. Within it, the licensee has identified the Switchgear
; Area T-19A as a location where automatic sprinkler protection has not been pro-
| vided throughout. Safe shutdown equipment in this location consists of a motor
i generator, redundant shutdown related switchgear, and shutdown cables.
I i

| Combustible material in the switchgear area consists primarily of cable
| insulation, which represents a fire load of about 32,300 BTUs/ftz,
!

Installed fire protection includes a complete fire detection system, manual'

| hose stations and portable fire extinguishers. The licensee committed to in- .

stall an automatic heat deluge-type water spray system actuated by heat detec- |

'tors and a concrete curb / dike to-protect switchgear in this location from its'

( redundant counterpart in Switchgear Area T-19CDE. The licensee also committed
! to protect one division of shutdown-related cables from a fire in_ zone T-198 to
! a point 60 feet beyond its redundant switchgear located in fire area T-19A.
;

; The technical requirement of Section III.G.2 are not met because the redundant
switchgear and associated cables are not completely separated by a 1-hour fire-

,

! rated barrier and are not completely protected by an automatic fire suppression
system. j!
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The staff was concerned that a fire of significant magnitude would cause the
loss of these systems. However, the principal fire hazard to the switchgear
and cables is combustible cable insulation. Because these cables are coated
with a fire retardant, it is expected that a fire in them will not burn rapidly
or with high heat release. A fire would be detected early by the fire detec-
tion system. The fire brigade would then be dispatched to extinguish the fire
using the manual fire fighting equipment that it available. Pending arrival of
the brigade, the deluge system between the switchgear would activate and dis-
charge water automatically in a " curtain" pattern. This concept has been used
successfully to protect openings in fire walls and floor / ceiling assemblies
and, therefore, provides reasonable assurance that switchgear from one division
will remain undamaged. Also, the combination of a 1-hour fire-rated barrier

|
) with the 60 feet of separation between shutdown cable and its redundant switch-

gear would provide sufficient passive protection until the fire is put out.;

The staff concluded that the licensee's alternate fire protection configuration,
; achieves an acceptable level of fire protection equivalent to that provided by
' Section III.G.2. Therefore, the licensees request for exemption for the Switch-

gear Area (T-19A) was granted by NRC letter dated October 1985.

.
9.4.4.4 Elevation 34'-6" Turbine Building Switchgear Area (T-19C, 0 and E)

!

The licensee requested an exemption from the technical requirements of Sec- I

tion III.G.2.c to the extent that it requires a complete, area-wide fire sup-
pression system in an area where redundant shutdown systems are protected by a

| 1-hour fire-barrier and an automatic fire detection system. The Turbine Build-
'

ing is a single fire area. Within it, the licensee has identified Switchgear
' Area T-19C, D ana E as a location where automatic sprinkler protection has not,

been provided throughout. Safe shutdown equipment in this location consists of
redundant switchgear; 125-VDC motor control center DC 11-A-3; battery chargers 1,

'

1A, and 11A; the 4kV bus tie from bus #7 to bus #3 and shutdown cables.

Combustible material in this location consists of lubricating oil for a hydro-
gen seal oil unit and lift pumps and cable insulation which represent a com-
bined fire load of about 80,000 BTUs/ft2,

Existing fire protection includes a pre-action type sprinkler system for the
seal oil unit and lift pumps; a fire detection system; manual hose stations
and portable fire extinguishers. The licensee committed to install a 1-hour
fire barrier to protect all the 5-2 train shutdown related cables, the service
water pump cables and the S-2 D.C. switchgear. In addition, an automatic;

deluge system and curb / dike will be installed to protect the switchgear in this i

i location from ims redundant counterpart in Switchgear Area T-198.

: The technical requirements of Section III.G.2.C were not met because redundant
switchgear were not completely protected by a 1-hour fire barrier and were not<

completely protected by an automatic fire suppression system.

The combustible loading in this location is moderate. However, the areas
where the combustible are concentrated, such as at the lift pumps, are pro-
tected by an automatic fire suppression system. !;

i

i
:

I
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The switchgear area is protected by an early-warning fire detection system which
alarms in the control room. There is reasonable assurance that if a fire should
occur, it will be detected and suppressed early by the plant fire brigade.
Until the fire is suppressed, the proposed deluge system and 1-hour fire-rated
barriers will provide protection to one division of shutdown systems so that a
,afe shutdown capability will be available during and after a fire. "

The staff concluded that the licensee's alternate fire protection configura-
tion, will achieve an acceptable level of fire protection equivalent to that
provided by Section III.G.2. Therefore, the licensee's request for exemption
for the Switchgear Area (T-19C, D and E) was granted by NRC letter dated t

October 1, 1985.

9.4.4.5 Elevation 42'-6" Reacter Building-Northeast (Fire Area R-19)

The licensee requested an exemption from the technical requirements of Sec-
tion III.G.2.a to the extent that it requires a complete 3-hour fire-rated bar-
rier to protect redundant shutdown-related instrument racks.

,

The Reactor Building is a single fire area. Within it, the licensee has iden-
tified the northeast corner of elevation 42'-6" as a location where a complete
3-hour fire rated barrier does not exist between redundant instrument racks.

Safety shutdown systems in this location consists of the following equipment:

Reactor Building closed cooling water pumps i

Reactor Building closed cooling water heat exchangers *

Reactor and recirculation pump instrument racks
Isolation condenser condensate return valve
Isolation condenser valve transfer switches
Motor control center

Combustible materials consist of cable insulation, lubricating oil and PVC
piping which represents a combined fire loading of about 10,000 BTUs/ftz,

Existing fire protection consists of an automatic deluge sprinkler system for i

- the motor generator set areas; a wet pipe sprinkler system for cable tray pro-
tection; a fire detection system; manual hose stations and portable fire ex-
tinguishers. The licensee justified the exemption on the basis of the existing

i fire protection, the construction of the' instrument racks and related pneumatic
! tubing, and the 30-40 feet of spatial separation between redundant racks and
| tubing.

'
!
' The technical requirements of Section III.G.2.a were not met because the
i redundant instrument racks and related pneumatic tubing were not completely ,

| separated by a 3-hour fire-rated barrier,

j The staff was concerned that because a complete 3-hour wall did not exist
,

i between the redundant instrument racks, they would both be damaged _if a fire '

I occurred in this location. The areas where combustible materials are concen-
i trated are protected by automatic fire suppression systems. In addition, this

! location is protected by a fire detection system which alarms in the control
; room. If a fire should occur, it would be detected in its formative stages,

I
!

'
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before significant flame propagation or temperature rise occurred. It would
then be suppressed by the fire brigade using manual fire fighting equipment.

If a fire originated on either side of the existing wing wall which separates
both instrument racks, the wing wall would act as a shield to protect the
instrument rack from direct flame impingement and radiant energy. If a fire
was located at the leading edge of the wall, the automatic sprinkler system
would actuate to suppress the fire, reduce room temperatures and protect the
racks. Until the fire is suppressed, the 40 feet of spatial separation between
the racks and the 1/4-inch steel plate rack enclosures would provide a degree
of passive fire protection to provide reasonable assurance that at least one
rack would remain free of fire damage.

The staff concluded that the licensee's alternate fire protection configuration
would achieve an acceptable level of fire protection equivalent to that pro-
vided by Section III.G.2. Therefore, the licensee's request for exemption for
the northeast corner of the Reactor Building on elevation 42'-6" fire area R-19
was granted by NRC letter dated October 1985.

9.4.4.6 Post Fire-Safe Reactor Shutdown

By submittal dated April 15, 1983, the licensee provided the results of the
analyses to demonstrate that safe shutdown can be achieved with operator
actions performed inside and outside the control room assuming the complete
loss of adjacent main control board (MCB) or auxiliary control board (ACB)
panels.

Postulating a fire in the main control board or auxiliary control boaro which
renders the power supply or control of any hot shutdown system component in-
operable, or causes spurious operation, would necessitate the operation of that
component from a remote location. The alternate shutdown operator actions
assuming a control room fire were developed to achieve the following:

1. assure reactor remains scrammed;
i

2. remove decay heat via the Isolation Condenser and ADS safety relief
valves;

3. 1solate the primary system to maintain inventory and restore control rod
drive pump flow to accommodate reactor coolant loss; and

4. menitor safe shutdown system instrumentation.

To compensate for the shutdown functions damaged by the fire, the licensee
proposed some plant modification and safe shutdown procedures. Plant
modifications required to implement the operator actions consist of modifica-
tions so that a Millstone Unit 2 diesel generator can be used to supply emer-
gency power to Millstone Unit I during a fire at Unit 1. A summary of the
proposed procedures for operator actions needed to achieve safe shutdown in the
event of a fire in the main control board or auxiliary control board was pro-
vided for staff review.

The alternate safe shutdown procedures would utilize three (3) operators who
would perform various tasks in the control room, switchgear room, and reactor
building. Operations in the control room consist of closing the automatic de-
pressurization system (ADS) valves, isolating the reactor water cleanup system
and closing the main steam isolation valves (MSIVs), and ensuring reactor trip.
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i

External to the control room, RCS makeup can be provided within 6 minutes.
| Decay heat removel is initially begun via the safety / relief valve (s) until

within the isolation condenser heat removal capacity (less than 5 minutes afteri

i scram). Operator actions are taken within 3 minutes to prevent hot well over-
',

i fill. Other operator actions are taken for hot shutdown within 5 minutes.
; Cold shutdown will be achieved within 72 hours. :

) The following safe shutdown related instrumentation is located outside and
independent of the control room:

1. Reactor coolant system level
j 2. Reactor coolant system pressure
| 3. Isolation condenser level

4. Condensate storage tank level

The staff concluded that for fires in the control room

; there is sufficient time and capability for operator action inside and-

{ outside the control room to assure safe shutdown of the plant

i
the safe shutdown capability meets the performance goals for alternative!

-

j shutdown capability as required by Section III.L of Appendix R
4

the safe shutdown capability meets the independence requirements of .! -

'
| Section III.G.3 of Appendix R.

| |

The staff therefore concluded that the licensee proposed acceptable safe
! shutdown capability in the event of a fire in the main control board or
! auxiliary control boards.
.

!

9.5 Control of Heavy Loads at Nuclear Power Plants

All plants have overhead handling systems that are used to handle heavy loads
in the area of the reactor vessel or spent fuel in the spent fuel pool. Addi-
tionally, loads may be handled in other areas where their accidental drop may

; damage safe shutdown systems. Therefore in accordance with NUREG-0612 " Control
i of Heavy Loads at Nuclear Power Plants" dated July 1980, all plants should

satisfy each of the following for handling heavy loads that could be brought in
j proximity to or over safe shutdown equipment or irradiated fuel in the spent

fuel pool area, in the reactor building, and in other plant areas.'

| 1. Safe load paths should be defined for the movement of heavy loads to
i minimize the potential for heavy loads, if dropped, to. impact irradiated
! fuel in the reactor vessel and in the spent fuel pool, or to impact safe

j shutdown equipment. The path should follow, to the extent practical,
|

structural floor members, beams, etc. ,. such that if the load is dropped,
the structure is more likely to withstand the impact. These load iiths

i

l' should be defined in procedures, shown on equipment layout drawings, and
| clearly marked on the floor in the area where the load is to be handled.

Deviations from defined load paths should require written alternative
procedures approved by the plant safety review committee.
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2. Procedures should be developed to cover load handling operations for heavy
loads that are or could be handled over or in proximity to irradiated fuel,

'

or safe shutdown equipment. At a minimum, procedures should cover handling
of those loads listed in Table 3-1 of NUREG-0612. These procedures should
include: identification of required equipment; inspections and acceptance
criteria required before movement of load the steps and proper sequence to4

be followed in handling the load; defining the safe load path; and other
; special precautions.

3. Crane operators should be trained, qualified and conduct themselves in<

accordance with Chapter 2-3 of ANSI B30.2-1976, " Overhead and Gantry
Cranes."j

1 4. Special lifting devices should satisfy the guidelines of ANSI N14.6-1978,
" Standard for Special Lifting Devices for Shipping Containers Weighing
10,000 pounds (4500 kg) or More for Nuclear Materials." This standard
should apply to all special lifting devices which carry heavy loads in
areas as defined above. For operating plants certain inspections and load
tests may be accepted in lieu of certain material requirements in the
standard. In addition, the stress design factor stated in Section 3.2.1.1

j of ANSI N14.6 should be based on the combined maximum static and dynamic
j loads that could be imparted on the handling device based on characteristics

of the crane which will be used.* This is in lieu of the guideline in Sec-
tion 3.2.1.1 of ANSI N14.6 which bases the stress design factor on only,

the weight (static load) of the load and of the intervening components of4

| the special handling device.
t

j 5. Lifting devices that are not specially designed should be installed and
used in accordance with the guidelines of ANSI B30.9-1971, " Slings."
However, in selecting the proper sling, the load used should be the sum

'

of the static and maximum dynamic load.* The rating identified on the
sling should be in terms of the " static load" which produces the maximum

! static and dynamic load. Where this restricts slings to use on only
certain cranes, the slings should be clearly marked as to the cranes with
which they may be used.

6. The crane should be inspected, tested, and maintained in accordance with
Chapter 2-2 of ANSI B30.2-1976, " Overhead and Gantry Cranes," with the

j exception that tests and inspections should be performed prior to use

| where it is not practical to meet the frequencies of ANSI B30.2 for
periodic inspection and test, or where frequency of crane use is less than
the specified inspection and test frequency.

7. The crane should be designed to meet the applicable criteria and guide-
| lines of Chapter 2-1 of ANSI B30.2-1976, " Overhead and Gantry Cranes" and
* of CMAA-70, " Specifications for Electric Overhead Travelling Cranes." An

alternative to a specification in ANSI B30.2 or CMAA-70 may be accepted
in lieu of specific compliance if the intent of the specification is

,

satisfied.

; *For the purpose of selecting the proper sling, loads imposed by the SSE need
j not be included in the dynamic loads imposed on the sling or lifting device,
i

i
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A plant conforming to these seven guidelines will have developed and implemented,
through procedures and operator training, safe load travel paths such that, to
the maximum extent practical, heavy loads are not carried over or near irradi-
ated fuel or safe shutdown equipment. A plant conforming to these guidelines
will also have provided sufficient operator training, handling system design,
load handling instructions, and equipment inspection to ensure reliable opera-
tion of the handling system. It has been found that load handling operations
at Millstone Nuclear Power Station Unit 1, based on NNEC0 letters dated Decem-
ber 22, 1980 and January 14, 1985, can be expected to be conducted in a highly
reliable manner consistent with the staff's objectives as expressed in these
guidelines.

NUREG-0612, Section 5.3 also lists certain measures that should be initiated to
provide reasonable assurance that handling of heavy loads will be performed in
a safe manner until final implementation of the general guidelines of NUREG-0612
is complete. Specified measures include: the implementation of a technical
specification to prohibit the handling of heavy loads over fuel in the storage
pool; compliance with Guidelines 1, 2, 3, and 6 identified above; a review of
load-handling procedures and operator training; and a visual inspection program,
including component repair or replacement as necessary of cranes, slings, and
special lifting devices to eliminate deficiencies that could lead to component
failure. The evaluation of information provided by the Licensee indicates that
Millstone Unit 1 complies with the staff's measures for interim protection.

By Generic Letter 85-11, dated June 28, 1985, the staff concluded that
Millstone-1 along with other plants has provided sufficient protection such
that risk associated with potential heavy load drops is acceptably small and
that the objective identified in Section 5.1 of NUREG-0612 for providing
" maximum practical defense in depth" is satisfied.

Millstone - FTOL SER 9-28

..



10 STEAM AND POWER CONVERSION SYSTEM

The turbine, condensate and feedwater systems are those portions of the steam
to power cycle which are located outside the containment vessel and can be
isolated from the reactor by closing the containment isolation valves. The
systems, described in greater detail in the FSAR (Ref. 12), are designed to
meet the following objectives:

Produce electrical power from the steam generated in the reactor up toa.
652,100 net kw(e), condense that steam into water, and return the water
to the reactor as heated feedwater with essentially all gaseous, dissolved
and particulate impurities removed.

b. Assure that all radioactivity associated with the steam and condensate
during ' normal ' operation or accident conditions is safety contained inside
the system or released to the environs in accordance with the limits of
10CFR20.

Provide steam for the steam jet air ejectors and the steam seal regulator,c.

d. Allow electrical load rejections up to full load rating of the generator
without a turbine trip or reactor scram.

10.1 Main Steam Isolation Valves

The steam passes from the reactor vessel through the containment wall via four
20 inch carbon steel pipes. Welded into each steam line is a simple venturi
flowmeter to limit steam flow to 200% in the event of a large downstream steam
line break. Each steam line also has one isolation valve located just inside
containment and a redundant isolation valve located just outside containment.
The valves are designed to close in less than 5 seconds (tested between oper-
ating cycles) and be leak-tight during the worst conditions of pressure, tem-
perature, and steam flow following a break in the main steam line outside of
containment. The valves, open during normal plant operation, will close on
signals from low reactor vessel water level, high radiation in steam tunnel,
high temperature in the steam tunnel. excess steam flow or low steam line pres-

.

sure at the main turbine inlet. Technical specification acceptance limits for
main steam isolation valves are 11.5 scf/hr per valve at 25 psig and valve
closure times of less than 5 seconds with tests performed between each oper-
ating cycle (about 18 month intervals).

SEP Topic VI-4 " Containment. Isolation System" (Ref. 5) compared Millstone-1
containment isolation capabilities to 10CFR50 (GDC 54, 55, 56 and 57) as imple-
mented in SRP Section 6.2.4 and R.G. 1.11 and 1.141 and made no recommendations
for changes 'o the main steam isolation valves or valve operators. The valve
test and maintenance history since Millstone-1 start up has been acceptable.

't
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10.2 Turbine Condenser

The condenser was designed to produce a back pressure of 1.5 in. Hg absolute
when operating at turbine design steam flow with 60 F cooling water and 85 per-
cent clean tubes. It will also accommodate a load rejection of 105 percent of
the design steam flow. The condenser (Ref. 12) is of the single pressure,
deaerating type with single pass, perpendicular-flow and divided water boxes.
A condenser shell is located beneath each of the two low pressure exhaest
elements with the tubes running perpendicular to the turbine shaft. Each

shell is rigidly supported on a foundation with a rubber belt type expansion
joint between the low pressure turbine exhausts and the condenser steam inlet
connections.

The main condenser was retubed with 70/30 copper nickel tubing as a correction
for sea water leakage discussed earlier in Section 1.3.2(1). The copper / nickel

~ has been shown by experience to better withstand the pitting attack observed
on the originally installed aluminum / brass tubes. The condenser water boxes
are of close grained, cast iron construction. The water boxes are divided to
permit individual operation of half of a condenser shell.

Each condenser shell has a divided hotwell with equalizing lines which contains
a baffle system in thc form of a retangular labyrinth to provide a minimum
two-minute retention time within the condenser for any given particle of
condensate. This retention allows time for radioactive decay of short-lived
isotopes from the time condensate enters the hotwell until it is removed by
the condensate pumps. Deaeration of condensate is provided in the condenser
for removal of air and non-condensible gases contained in the turbine steam.
Heating coils are provided at each condenser condensate outlet to insure
proper deaeration at low plant loads. The condenser is designed to provide
condensate with an oxygen content of 0.005 cc/ litre over a flow range of 10 to
100 percent.

Although it has been necessary to plug a number of condenser tubes, since the
condensers were retubed with 70/30 nickel tubing, the loss in heat transfer
capability up to this point has not significantly reduced plant operating
efficiency or steam dump capability.

' 10.3 Feedwater Flow Control

The feedwater control system was designed to regulate the feedwater flow to
the reactor vessel and maintain proper reactor vessel water level. The level
of the water is controlled by a feedwater controller that receives input from
reactor water level, steam flow, and feedwater flow transmitters. The feedwater
control system regulates the position of the valves in the feedwater lines to
maintain' reactor vessel water at the desired W el, Since the initial plant i

operation there have been several changes P t'a feedwater control system j
the control of feedwater flow. |because of plant problems attributed ir a t <

|

It was concluded that the thermal effet s cou1 by wide flow variations at |

low power level conditions had harmful effects on reactor vessel feedwater |

I nozzle welds where cracks had been detected. At very 1cw flows valve control |
,

was not smooth but was observed to cycle between the closed position and a
Amore widely open position with a resultant thermal effect at the nozzle.

by pass flow control valve was installed for finer and steadier flow cont-ol
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at the low flow conditions where the original.feedwater valve characteristics
were unsuited to stable operation.

Water hammer in the isolation condenser system caused iso-condenser valves to
close that prevented use of the isolation condenser for removing reactor decay
heat when the main condenser heat sink was unavailable after a reactor scram.
Damage to isolation condenser piping supports also resulted from the abnormal
pipe movement. The cause of water hammer was attributed to excessive reactor
vessel water level, i.e. , up to the isolation condenser steam line, that
resulted in slugs of water entrained with the steam passing to the iso-condenser.
To reduce the probability of water hammer and improve the reliability of the
emergency condenser capability, the permissible high reactor vessel water

* 1evel set point was lowered and feedwater pamp trips due to high water level
were installed. The latter modification was made to further reduce the risk
of excessive water level due to failure of the control valve to close when
required. Since these modifications there have been no reports of water
hammer in the isolation condenser system.

10.4 Safety / Relief Valves

The primary purpose of the safety / relief values is to prevent over pressurizing
the reactor vessel or any of the attached piping or components. The relief
function of the valves is also designed to rapidly depressurize the reactor

I vessel and coolant system so that emergency core spray and low pressure coolant
; injection systems can function to cool the core. Originally there were three

relief valves and two safety valves for a combined steam relief capacity in
excess of 3,640,000 lbs/hr. The valves are located on the steam line inside
the containment. In the fall of 1974 NNECO installed additional safety / relief
valve capacity at the Millstone Nuclear Power Station, Unit 1. The modifica-
tions consisted of changing the safety and safety / relief valve configuration

i of three (3) safety / relief valves and two (2) spring safety valves (3/2 safety /
relief configuration), to six (6) safety / relief valves (6/0 safety / relief
configuration), all piped to the pressure suppression pool (torus). These
plant modifications were necessary due to the loss of-scram reactivity near
the end of operating cycle 4 which resulted in potential violation of the
25 psi margin to safety valve operation 1 at full power for the most limiting
pressure transient (generator load rejection with bypass failure). Installation
of the 6 safety / relief valve configuration increases the steam relief capacity
to more than 4,680,000 lbs/hr with all valves open.

The modifications to the safety / relief system involved removal of the two
spring safety valves and installation of three safety / relief valves of identical
design to the three existing units. The three newly installed valves have
discharge piping to the torus identical in function and similar in layout to
the three original units. Amendment 20 issued February 23, 1976 authorized
these changes and the appropriate changes to the technical specifications.

In addition to reanalyzing. transients for their effect on MCPR, as a result of
the change in the safety / relief valve configuration, the ASME Pressure Vessel
Code compliance was also reevaluated. The ASME Nuclear Boiler and Pressure

,.

1The 25 psi margin is a General Electric (GE) design criteria that reflects
GE's concern for lifting' safety valves too frequently with the attendant risk
of sticking open.
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Vessel Code requires that each vessel designed to meet Section III be protected {from the consequences of excessive pressure. The transient selected to demon-
strate compliance was closure of all mainsteam isolation valves from full

fpower operating conditions. Reactor scram was initiated from high neutron
flux and only the safety function of the safety / relief valves was credited. I

With only 3 safety / relief valves operable, half of the eventual complement of |
|6 safety / relief valves, the transient pressure reached 1346 psig as compared

with the ASME limit of 1375 psig. The 1375 psig limit represents 110% of the j

vessel design pressure of 1250 psig as required by the ASME code. Accordingly,
the staff found that the safety / relief valve modification provides sufficient j
relieving capability to protect the pressure vessel against the most severe
over pressure conditions.

|

'Amendment 61 dated May 29, 1979 revised the set point, maintenance and surveil-
i lance requirements. Amendment 79 dated October 5, 1981 revised requirements

for valve position indicators, and Amendment 98 dated June 14, 1984 revised
safety / relief valve operability requirements.

Amendment 73 dated March 11, 1981, among other changes, authorized acoustic
monitors for the six (6) S/R valves to detect valve position and added the
requirement for auto depressurization capability for four of the six S/R

j valves. The licensee reported that an additional one of the six existing
safety / relief valves was added to the automatic depressurization system (ADS),
also known as automatic pressure relief system (APR), by modification of the
actuation logic. The result is that four of six S/RV's will open for the ADS
function instead of three of six.

The reason for the change was to improve ECCS response to a small break LOCA
by causing a more rapid vessel depressurization if ADS is required. This is
only needed in the event of a loss of feedwater combined with a loss of FWCI.

10.5 Damage to the 14th and 15th Stage of "B" Low Pressure Turbine

The turbine includes one double-flow, high pressure and two double-flow low
pressure elements. The Millstone-1 turbine is a tandem four flow, three
casing, non-reheat condensing, 1800 RPM General Electric turbine with 43-inch
last row blades in the low pressure elements. Damage to the Millstone-1
turbine which occurred on April 21, 1981 (with the plant at 30% power and
ascending to 100% after a six-month outage) was confined to the 14th and 15th!

stages of the "B" low pressure turbine on the end closest to the generator.

The broken blades caused damage to the top rows of the Cu-Ni condenser tubing
directly under the damaged LP turbine and resulted in a significant increase
of chlorides in the condensate.

.

Eventually the 14th stage blades were cut from the three undamaged low pressure
turbines, the damaged condenser tubes were plugged, and plant operation resumed
for one cycle (cycle 7) while new blades were fabricated. Operation without
the four 14th stages caused a slight reduction in electrical output. The
damage was attributed to either a piece of 14th stage shroud or a 14th stage
blade (s).

The 14th and 15th stages on the opposite end of the "B" rotor and both ends of
the "A" low pressure turbine were also examined. A temporary pressure plate
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was installed in place of the damaged 14th stage because there were no replace-4

ment buckets. The damaged buckets (blades) in the 15th stage were replaced or
repaired.

The 14th stages to the low pressure turbines were repaired between operating
cycles 7 and 8 and normal turbine generator operation was restored for cycle 8.

operation.
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; 11 RADI0 ACTIVE WASTE SYSTEMS

The radioactive waste systems are designed to collect, process, and dispose of2

radioactive waste in a safe manner. Operation of Millstone-1 produces radio-
active gas, liquid and solid waste while generating heat and electricity.

! 11.1 Radioactive Liquid Effluent

Radioactive liquid wastes are processed according to their degree of chemical
.

and radioactivity purity. Following processing and sampling, liquids are
f returned to service, discharged to the circulating water at the discharge struc-
; ture, or solidified. Amendments 12 and 21 issued December 19, 1975 and
j February 1, 1976 established lower. radioactive liquid release limits and an

extended implementation date due to reported problems with the newly installedi

j Augmented Liquid Radioactive Waste System. The system problems have since been
| resolved and is now in satisfactory operation. The modifications were made in
} 1974 and consisted of increased tank capacity, a new concentrator, a new waste
| demineralizer and a waste solidification system. Appendix 8 to NNECO submittal

entitled " Review of Final Environmental Statement" (Ref. 22) describes the
#

liquid radioactive waste cleanup system after the modifications. Also included
is an ultrasonic resin cleaner in the condensate demineralizer system to reduce,

i

; chemical radioactive wastes requiring treatment. Figure 11.1 shows the modified
; liquid radioactive waste system flow diagram.
i

i The liquid radwaste system is divided into several subsystems so that liquid
] wastes from the various sources can be kept segregated and processed separately.
i These are the low conductivity waste subsystem, the high conductivity waste

subsystem and the chemical waste subsystem. Cross-connections between subsystems4

| provide additional flexibility for processing of the wastes by alternate
i methods. The wastes are treated according to their conductivity, suspended
j solids content and radioactivity.
a
.

; The low conductivity waste subsystem handles reactor grade water collected
j from such sources as drains from piping and equipment, including wastes from

auxiliary systems. It also includes backwash liquid from the cleanup demineral-'

,

izers, condensate demineralizers, fuel pool demineralizers, the reactor coolant ;
i system, condensate system, feedwater system and the distillate from the waste i

! concentrators in the chemical waste system. The low conductivity waste is
collected in the waste collector tanks.

,

i
~

The high conductivity waste subsystem handles wastes from the radwaste building
,

floor drains, reactor building floor drains, turbine building floor drains and3 ,

liquids accumulated in the drywell sump. The floor drains are collected in
the floor drain collector tanks. The floor drain collector- tanks also receive >

. decontamination solutions from the reactor and turbine buildings.
i -

i The chemical waste subsystem receives wastes from laboratory drains, personnel
i decontamination, cask decontamination and regulated shop drains. These wastes
j are collected in the waste neutralizer tank.

|

- Millstone - FTOL SER 11-1
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11.2 Gaseous Radioactive Waste

The off gas system and containment, reactor building and radwaste building
ventilation system discharge to atmosphere through the 375 foot stack. TheFT01 application (Ref. 7) committed to install an augmented radwaste system by
1974 and the Environmental Statement (Ref. 21) briefly described the modifica-
tion. Amendment No. 50 to the Millstone-1 Operating License issued on June 19,
1978 authorized new technical specification limits associated with activation
of the newly installed Steam Dilution Augmented Off gas Systam (SDA0GS).

The augment.ed radioactive off gas treatment system (A0GS) which NNECO origin-
ally installed prior to 1974 to meet the radioactive effluent limits of the
Nuclear Regulatory Commission is described in previous NNECO reports dated
July 1973 and August 1975. The gaseous waste was to be treated sequentially by
(1) a hydrogen recombiner system and (2) a xenon-krypton treatment system.
During testing in the last quarter of 1975, an inherent deficiency, referred
to as the catalyst migration problem, was discovered which raised questions
concerning the future operability of the recombiner portion of the off gas
system. This problem related to the air recycle concept employed in the
Millstone Unit No. 1 off gas recombiner system. This air recycle feature
cade the entire system susceptible to contamination with small particles of

!
catalyst, a substance used to initiate the recombination of the hydrogen and
oxygen gases in the recombiner. During preoperational testing, it was found
that fine particles of this catalyst material had contaminated parts of the
recombiner system which would normally contain explosive mixtures of hydrogen
and oxgen during reactor operation, thus creating the potential for hydrogenexplosions.

NNECO therefore modified their A0GS to a steam dilution recombiner
system to eliminate the problem related to air recycle and catalyst migration.

The 50A0GS is a modification of the A0GS to utilize steam dilution instead ofrecycle air dilution of the off gas stream. The second stage ejector of the
steam jet air ejector (SJAE) is modified to bypass the aftercondensers and
discharge the motive steam and gas to the process pipe. The process stream,
containing a gas / steam mixture, with hydrogen concentration diluted to below
4.0 volume percent, is transported to the recombiner system.

The recombiner system consists of two full capacity redundant trains each con-
taining a preheater, a catalytic recombiner, an off gas condenser, a jet com-
pressor, an after-cooler condenser and an associated instrumentation and con-
trol system. The preheater utilizes plant auxiliary steam to preheat the gas /
steam off gas mixture from 250'F to 320 F. The superheated steam-diluted mix-
ture enters the recombiner where free hydrogen and oxygen react in the presence
of precious metal-coated metal base grid catalyst bed to form water. The gas
exits the recombiner at approximately 730'F and enters the off gas condenser
where it is cooled to 130 F. The condensed water is drained to a subcooler,
croled to 110*F and returned to the main condenser. A jet compressor provides
the motive force for the offgas leaving the off gas condenser. The gas exits
the jet compressor at 340*F and enters the after-cooler condenser before being
transported to the xenon-krypton treatment system (XKS). The jet compressor
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is capable of discharging 50 SCFM at 22.7 psia. A minimum flow of 25 SCFM is |
required by the XKS. Makeup air from the plant station air system is injected 1

automatically into the gas steam at the preheater to maintain system flow at
25 SCFM if condenser air inleakage falls below 25 SCFM. ;

The XKS is a low temperature (-20 F) charcoal adsorption system. The system
consists of two sections: pretreatment and charcoal adsorption. The pretreat-
ment utilizes glycol cooler units which are designed to cool the off gas to
-20 F and dryers to dehumidify the steam to a dewpoint of -90*F. Two charcoal
beds operate in series, each containing 11,000 pounds of activated charcoal.
There are three thermocouples in the first bed and one in the second bed. Each
of the thermocouples has temperature indication and high temprature alara in
the control room. The high temperature alarm is set at 20*F above the operating
temperature of -20*F. After decay in the charcoal beds, the offgas flows to
HEPA filters prior to being released to the environs from the 375 foot stack.

The Xe-Kr Building which houses the XKS is a seismic Category I structure. In
addition, the charcoal beds and associated process stream piping and valving in
the Xe-Kr Building and the plant stack are designed to seismic Category I
criteria.

Prior to this modificaton the unrecombined off gas was transported to the stack
via a buried delay pipe that provided approximately 50 minutes of delay. Rout-
ing the off gas through the SDA0GS provides additional delay of the noble gases
and removal of the iodine isotopes by adsorption on the charcoal contained in
the charcoal beds. When the system is in operation, the charcoal beds are
expected to provide delay times of 1.3 days for krypton and 50 days for xenon,
while removing essentially all radiolodine isotopes.

The staff evaluation considered SDA0GS malfunctions, unplanned hydrogen deterio-
ration, charcoal fires and potential accidents and concluded that the technical
specifications should be changed to further reduce radioactive off gas releases!

! to the atmosphere when the 50A0GS was placed in service. The consequences of
radiological releases from Millstone-1 during normal plant operation with the:

| SDA0GS in service is evaluated in the environmental evaluation for conversion :

of the POL to a FTOL (Ref. 10). The staff concluded that the 50A0GS reduces |'

the' volume of explosive off gas and decreases radioactive releases to the
environment to meet the "as low as reasonably achievable" criteria per 10 CFR
Part 50, Appendix I.

11.3 Solid Radioactive Waste

The general practice relating to solid radioactive waste is to store, tempo-
rarily on-site to allow decay to lower levels of radioactivity, all solid
wastes in suitable containers (e.g., fiber or steel drums). Ultimate disposal
is by shipment to off-site storage after processing.

Typical of solid radioactive wastes are:

a. filter sludges and spent resins

b. air filters from off gas and radioactive ventilation systems
!

|

t
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c. contaminated clothing, tools and small pieces of equipment which cannot
be economically decontaminated

d. miscellaneous paper, rags, etc. from contaminated area

used reactor equipment such as spent control rod blades, fuel channels,e.
and in-core ion chambers

The systems and procedures for safe handling and transportation of solid wastes
are discussed in the FSAR (Ref. 12). NNECO letter dated May 2, 1980 described
a temporary solidification system and procedures for solidifying spent resin
and filter sludge using cement. NNECO also reported in a letter dated Jan. 11,
1983 (Ref. 22) that a radioactive waste solidification system had been installed
in conjunction with the modification to the liquid radioactive waste system.
This solidification system is located in the radwaste shipping building. The
system receives concentrated liquid wastes from either the concentrated waste
sludge storage tank or the concentrated waste day tank. The waste is trans-,

ferred by pipe to a shipping container on the transport vehicle where it is
mixed with the solidifying agent (cement). This solidification of concentrated
waste will reduce the releases of liquid waste to the environs. The potential
for radioactive water leakage from the storage liners is eliminated by drying
up any residual water.

By letter dated October 25, 1978 the licensee notified the NRC of its plan to
construct a refueling outage building. In a second letter dated August 17,
1979, the licensee responded to legal questions posed by the NRC. The building
has been constructed and is used to service all three Millstone nuclear plants
as an administrative support facility in connection with refuelings and other
outages.

11.4 Radiological Effluent Technical Specifications (RETS)

The staff reviewed the licensee's Radiological Effluent Technical Specifica-
tions (RETS) and Offsite Dose Calculation Manual (ODCM) for compliance with Ap-,

pendix I 10 CFR 50. By NNECO letters dated August 12, 1982, September 22, 1982,
November 22, 1982 and March 16, 1984, RETS were submitted for NRC review and eval-
uation by NRC. The staff met with NNECO representatives on Septe.nber 28, 1984
to clarify several aspects of the NNECO submittals. According to an NRC summary
of the meeting the differences between NRC and NNECO were resolved and there
were no open items at the conclusion of the meeting. By letters dated May 29
and June 19, 1985, the final RETS and Radiological Effluent Monitoring and
Offsite Dose Calculation Manual were submitted to the NRC. The proposed tech-
nical specification changes were approved by Amendment No. 106 dated October 1,
1985.
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12 RADIATION PROTECTION

: The radiation protection measures incorporated at Millstone-1 are intended to
ensure that internal and external. radiation exposures to station personnel,
contractor personnel, and the general population resulting from station condi-
tions, including anticipated operational occurrences, will be within applicable
limits and, furthermore, will be as low as is reasonably achievable (ALARA).

The basis for staff acceptance of the M-1 Radiation Protection Program is that ,

.

doses to personnel will be maintained within the limits of 10 CFR 20 and that
; the radiation protection designs and program features are also consistent with

the guidelines of Regulatory Guide 8.8, "Information Relevant to Ensuring That
Occupational Radiation Exposures at Nuclear Power Stations Will Be As Low As
Is Reasonably Achievable," Revision 3. Shielding is provided to reduce levels
of radiation. Ventilation is arranged to control the flow of potentially

: contaminated air. Radiation monitoring systems are used to measure levels of
i radiation in potentially occupied areas and to measure airborne radioactivity
i throughout the plant. A health physics program is provided for plant personnel

and visitors during reactor operation, maintenance, refueling, radwaste handling,

1.

and inservice inspection.

; The staff concludes that these and other radiation protection features will
' help ensure that occupational radiation exposures are maintained ALARA during

plant operation and during decommissioring. The staff periodically reviews
the licensee's Radiation Protection Program during routine onsite inspections.

i
:

|

,

;

.

C

'

:

|
i

j

i

)

| |
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13 CONDUCT OF OPERATIONS

13.1 Organizational Structure

Since the start of commercial operation in March 19, 1971 there have been a
number of organizational changes.

Amendment 96 to the Provisional Operating License dated March 19, 1984 author-
ized the offsite organization shown in Figure 13.1 as well as other changes
related to the composition of the nuclear review boards. Amendment 95 dated
February 1,6, 1984 specifies minimum shift crew composition and qualifications
for radiation protection managers.

Amendment 91 dated May 5, 1983 reflects the merger of Connecticut Light and
Power Company and the Hartford Electric Light Company. The Millstone-1 license
now shows that the Connecticut Light and Power Company and Western Massachusetts
Electric Company have authority to possess Millstone Station, Units 1 and 2,
and that the Northeast Nuclear Energy Company is the responsible entity for
operation of the facilities. Amendment 85 dated June 25, 1982 increased the
number of fire brigade members from three (3) to five (5). Amendment 79 dated
October 6,1981 concerned, among other items, requirements for the shif t tech-
nical advisor. Amendment 72 dated February 13, 1981 concerned management title
changes.

Amendment 63 dated July 19, 1979 inserted a new facility organization chart as
shown in Figure 13.2 that detailed organizational information relating to indi-
viduals. Other changes such as Amendment 57 and 56 issued January 12, 1979 and
December 8,1978 are no longer applicable with respect to organization because
of more recent changes as reported above, a reflection of the continuous process
of organizational change. Therefore, organizational changes prior to this time,
but af ter the request for FTOL, have not been listed because for the most part
they have been superseded.

The expansive nature of many of the organizational changes since the request
for conversion of the POL to a FTOL (Ref. 7) is more clearly evident by the
increase in the number of Millstone-1 employees from approximately 150 to 360
(Ref. 10).

The staff periodically reviews the licensee's operating performance i.e. Sys-
tematic Assessment of Licensee Perfomance (SALP). The most recent SALP reports,
dated October 31, 1983 and May 20, 1985, reviewed and evaluated the performance
of licensed activities at Millstone Units 1 and 2. The NRC concern focused on
performance in plant operations. As noted in the report summaries it was deter-
mined that NNECO achieved overall a satisfactory level of performance with
respect to operational safety. The involvement and attention of management and
plant personnel was evident and contributed to the good performance noted. How-
ever, the staff noted in the 1983 report a negative trend relative to personnel
errors and off site support in the areas of Plant Operation, Surveillance, and
Emergency Preparedness. The staff recognized, however, performance improvement

Millstone - FTOL SER 13-1
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in Security and Safeguards to a category 1 rating. Category 1 rating indicates
that reduced NRC attention may be appropriate. Licensee management attention
and involvement are aggresive and oriented toward nuclear safety; licensee
resources are ample and effectively used such that a high level of performance
with respect to operational safety is being achieved.

The results of the 1983 NRC SALP report were discussed at a meeting in the
corporate offices in Berlin, Connecticut on November 29, 1983. By letter dated

December 19, 1983, NNECO provided written comments to the staff SALP evaluation
and expressed strong disagreement with the NRC assessment that NNEC0 performance
in the emergency preparedness area has declined from a category 1 to a category 2
level. Category 2 indicates that NRC attention should be maintained at normal
levels. Licensee management attention and involvement are evident and are con-
cerned with nuclear safety; licensee resources are adequate and reasonably
ef fective such that satisfactory performance with respect to operational safety
or construction is being observed. By letter dated March 16, 1984, the staff
reiterated its finding that the category 2 performance for emergency performance
was justified. The NRC SALP review board met in April 1985 and by letter dated
May 20, 1985 issued a written report of its findings. The most recent NRC SALP
report covered an 18 month period ending February 28, 1985 and concluded that
the overall level of performance was acceptable. The staff met with NNECO man-
agement on June 4, 1984 to discuss the SALP. The licensee's written response

to the staff findings was presented by letter to Dr. Thomas E. Murley, dated
July 5, 1985.

13.2 Emergency Preparedness Evaluation

NUREG-0737 identified Item III.A.2.1 as " Emergency Preparedness, Upgrade
Emergency Plans to Appendix E, 10 CFR 50." It also stated that licensee
emergency plan and procedure submittals were due January 2,1981, and March 1,
1981, respectively, and that this onsite emergency preparedness program was to
be implemented by April 1, 1981. Upgraded emergency plans and procedures have
been received and the Millstone emergency preparedness program has been imple-
mented.

| During January 1982, a comprehensive 2-week onsite emergency appraisal was
conducted at the Millstone facility during which deficiencies and improvement i

items were identified and a subsequent inspection report was issued by letter
dated June 11, 1982. The licensee has taken corrective actions based on the i

findings in the report. EnArgency exercises involving licensee and State and 1

local government personnel were conducted at Millstone in March 1982, October
1983 and October 1984. The licensee was informed of areas needing improvement
in exercise reports. The NRC region is continuing to verify the status of
emergency preparedness for Millstone through followup inspections, drills, and
exercises.

The evaluation of the status of offsite preparedness by the Federal Emergency
Management Agency (FEMA) is a continuing process involving review of State and

.I local plans and the observation of full-scale exercises. The FEMA report did
not identify any significant deficiencies. By letter dated October 9, 1984,
in accordance with FEMA rule 44 CFR 350, FEMA determined that the State and
local plans and preparedness for Millstone are adequate to protect the health
and safety of the public in the event of a radiological emergency. Although a
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formal report of the October 1984 exercise has not yet been issued by FEMA,
preliminary indications are that there were no significant deficiencies
identified.

On the basis of the above considerations, the staff has found that onsite and
offsite emergency preparedness is adequate at Millstone, that emergency plans
have been upgraded in accordance with NUREG-0737 Item III.A.2.1, and that
there is reasonable assurance that prompt protective measures can and will be
taken to protect the public in the event of a radiological emergency at
Millstone.

13.3 Physical Security Plan

The physical security, guard training and qualification, and safeguards contin-
gency plans were reviewed against the requirements of 10 CFR 73.55(b) through (h)
and approved based on acceptance criteria in effect at the time of the review.
Each of the plans have subsequently been revised by the licensee under the
provisions of 10 CFR 50.54(p).

As required by the Commission's regulation, the physical security plan was
implemented on February 23, 1979, the contingency plan was implemented on
April 5, 1983, and the guard training and qualification plan was implemented
on March 10, 1982.

The amendment 90 dated April 5, 1983 modified the Millstone 1 license to
include a requirement to maintain a Safeguards Contingency Plan. The stafffound that the plan:

(a) sets forth decisions and actions satisfying the stated objectives of
contingency plans;

(b) identifies data, criteria, procedures and mechanisms to carry out these
decisions and actions; snd

(c) specifies individuals, groups or organizational entities responsible for
each such decision and action.

Based on the considerations discussed above, the staff concluded that the plan,
when fully implemented, will meet the requirements of 10 CFR 73.40(b), 73.55(h)
and Appendix C to 10 CFR 73 and is therefore acceptable.

Amendment 82, dated March 10, 1982 modified the Millstone-1 License to include
the requirement to maintain a guard training and qualification plan. The
staf fe based on review of the plan, concluded that the Guard Training and
Qualifications Plant for Millstone-1 is acceptable.
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14 INITIAL TEST PROGRAM
J

The preoperational test program and the operational and transient tests for,

'

Millstone-1 operation up to 2011 MWt, the rated power level, were successfully
completed and reported to the Commission on March 17, 1972. The report title

'

is "Startup Test Program Results."<

!

j The following chronology lists the various accomplishments. The items are
discussed in more detail in section 1.3.1 and Appendix D of this FTOL safety,

i - evaluation report. ,

'

,

October 7, 1970 Core loading began

! October 17, 1970 Core loading completed
i

j October 26, 1970 Initial criticality achieved
;

t

3 October 27 - November 8, 1970 Outage for repairs to gas turbine
and cleanup system (AO-70-3)2

F

| October 30, 1970 Zero power test program completed
I

] November 16, 1970 Outage for repairs to cleanup system
!

| November 22 - November 25, 1970 Outage for turbine balance and training ;
i

| December 6, 1970 25% power test program cospleted
i

! December 8, 1970 Outage to report cleanup system |
valve to reactor (AO-10-4)'

1 l
i December 23, 1970 Outage to repair weld or main condenser

i December 27, 1970 50% power test program completed
| t

December 29, 1970 Outage to repair bypass valve linkage

? January 1,1971 75% power test program completed
Ii

January 2, 1971 Outage due to high level in drain tank

January 3, 1971 100% power test program completed [
.

January 14, 1971 Outage to repair condenser leak !

4 i

January 17, 1971 Outage to conduct overspeed trip
; tests of the turbine
,

i

I
i Millstone - FTOL SER 14-1
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|
|January 25, 1971 Outage to effect repair of Core Spray i

Injection Valves and to reset turbine I
over-speed trips (AO-71-2) I

l
January 27, 1971 Outage while conducting hot AEC demon-

stration criticals

February 19, 1971 Outage to conduct SUT No. 17, Generator
load reject form 100%

March, 1971 Commercial operation

,

:

!

i

|
|

|
|

!

|

l

l
i

|
'
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15 ACCIDENT ANALYSIS

As part of SEP the staff reevaluated the ability of Millstone-1 to withstand
normal and abnormal transients and a broad spectrum of postulated accidents
without undue hazard to the health and safety of the public. The results of
these analyses are used to show conformance with GDC 10 and 15 of 10 CFR 50
Appendix A.

,

During its review of the transients and accidents analyses of Section 15, the
staff has considered GDC 21, 27, and 28 and Regulatory Guides 1.53 and 1.105
as they apply to the events analyzed to ensure that the applicable requirements
have been met.

For each event analyzed the worst operating conditions were assumed, and credit
was taken for minimum engineered safeguards response. Parameters specific to
individual events were conservatively selected.

Two types of events were analyzed:

(1) those incidents that might be expected to occur during the lifetime of
; the reactor (anticipated transients)
i
'

(2) those incidents not expected to occur that have potential to result in
significant radicactive material release (accidents)

The following is a list of the M-1 events reviewed by the staff: (Ref. 5)
SEP
Number Title

XV-1 Decrease in Feedwater Temperature, Increase in Feedwater Flow,
Increase in Steam Flow, and Inadvertent Opening of a Steam Generator
Relief / Safety Valve;

XV-3 Loss of External Load, Turbine Trip, Loss of Condenser Vacuum,
Closure of Main Steam Isolation Valve (BWR), and Steam Pressure
Regulator Failure (Closed)

XV-4* Loss of Nonemergency AC Power to the Station Auxiliaries,

XV-b* Loss of Normal Feedwater Flow

XV-7* Reactor Coolant Pump Rotor Seizure and Reactor Coolant Pump Shaft
Break

XV-8* Control Rod Misoperation (System Malfunction or Operator Error)

'

CPlant meets current criteria or acceptable on another defined basis.
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|

XV-9* Startup of an Inactive Loop or Recirculation Loop at an Incorrect
Temperature, and Flow Controller Malfunction Causing an Increase in
BWR Core Flow Rate

XV-11* Inadvertent Loading and Operation of a Fuel Assembly in an Improper
Position (BWR)

XV-13* Spectrum of Rod Ejection Accidents (PWR)

! XV-14* Inadvertent Operation of Emergency Core Cooling System and Chemical
and Volume Control System Malfunction That Increases Reactor Coolant

;

|
Inventory

|
: XV-15* Inadvertent Opening of a PWR Pressurizer Safety / Relief Valve or a
| BWR Safety / Relief Valve
!

XV-16 Radiological Consequences of Failure of Small Lines Carrying Primary
' Coolant Outside Containment

XV-18 Radiological Consequences of Main Steam Line Failure Outside Contain-
ment

i

XV-19* Loss-of-Coolant Accidents Resulting From Spectrum of Postulated
Piping Breaks Within the Reactor Coolant Pressure Boundary

| XV-20* Radiological Consequences of Fuel-Damaging Accidents (Inside and
; Outside Containment)
1

The staff's review of a feedwater controller failure Topic XV-1 has determined
! that the acceptance criteria are met only if the turbine bypass system is
| operable. Currently, the licensee does not have Technical Specifications that

require surveillance of the turbine bypass system or that limit the reactorj
power or minimum critical power ratio (MCPR) when the turbine bypass system is;

j found to be inoperable. Because the feedwater controller failure with failure
; of the turbine bypass may be a limiting transient, the fuel design limits
; could be exceeded. It is also possible that another transient limits MCPR or
j reactor power and no change is required.

The staf f concluded that analysis of feedwater controller failure without
j

bypass should not be required for the following reasons:;

(1) At Millstone Unit 1, the turbine control valves and bypass valves are
controlled by a common system referred to as the mechanical-hydraulic'

control (MHC) system. The system components, with the exception of the-

final valve actuators, are common to both the control and bypass valves.
Thus, it is improbable that a failure could occur in the bypass valve
portion of the system without affecting the control valve portion of the
system. A malfunction in the MHC system that renders the bypass system
inoperable would also most likely affect operation of the turbine control

,

:
; valves and would necessitate immediate repair in order to continue opera- !
J

: tion. The control valve final actuators and the common components of the

!

| * Plant meets current criteria or acceptable on another defined basis.
!

| Millstone - FTOL SER 15-2
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MHC system are exercised continuously while performing the normal reactor
pressure control function. Therefore, continuous operability of the MHC
system is ensured.

During startups, the bypass valves are used, thus providing assurance of
their operability.

(2) The limited PRA performed for Millstone Unit 1 concluded that the histori-
cal rate of turbine bypass unavailability has been small compared with
other causes of loss of the power conversion system so that limitations on
reactor operation when the turbine bypass is unavailable would result in
a negligible reduction in core-melt frequency.

By letter dated April 9, 1984 and supplement dated May 15, 1984, NNECO requested
a number of changes to the Technical Specifications relating to changes made
during the Reload 9 plant outage which began on April 14, 1984. One of the
proposed changes resulted from the NRC request to provide surveillance require-
ments for the turbine bypass system. NNECO proposed new specifications 3.14
and 4.14 to require operability of the turbine bypass system while in the "run"
mode and to functionally test the system once per cycle. The staff had pre-
viously concluded (Ref. 5) that such a change was acceptable and that further
analysis of feedwater controlled failure without bypass was not justified.
Accordingly, the changes were authorized by Amendment 98 to the Technical
Specifications, dated June 14, 1984, and this issue was closed.

During the staff's review of Topic XV-3 the following concern was identified:
At Millstone Unit 1, the MCPR was calculated based on an initial power level of
100%. Current criteria require that the initial power level be taken as 100%
power plus an allowance of 2% to account for power measurement uncertainties.
The higher actual power level might lead to an MCPP. that exceeds the safety
limit.

The licensee analyzed this transient for Reload 8 using the NRC-approved ODYN
code. Although t'ils analysis assumed an initial power level of 100%, an uncer-
tainty factor of 1.044 was used to determine the maximum reduction in the
critical power ratio. This 4.4% overall uncertainty factor more than compen-
sates for the difference in initial power level assumed. On this basis the
staff concluded that further analysis of this event was not warranted.

The staff determined that Millstone Unit 1 did not comply with current licensing
criteria for Topic XV-16. Based on the existing Technical Specification limits
for primary coolant activity, the calculated potential offsite doses would sub-
stantially exceed the applicable dose limits. It was the staff's position that
reactor coolant activity limits should be maintained within the limits imposed i

3on new operating reactors, that is, within the limits of the Standard Technical
|

Specifications (STS) for General Electric Boiling Water Reactors (NUREG-0123). I

It was necessary to limit plant operation so that the radiological consequences |
of events that do not damage fuel but do involve a release of reactor coolant

ito the environment will be low. Reducing reactor coolant activity to the STS !

level will not result in calculated doses, using current licensing criteria,
that are within the limits specified. This is due to the quantity of primary .

coolant that would be released at Millstone Unit 1 if an instrument line or I
other typical small line were to fail. New plant designs use flow-restricting
devices or valves capable of being remotely closed. However, for the following

Millstone - FTOL SER 15-3
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reasons, the staff concluded that backfitting flow-restricting devices (orifices
or flow-restricing check valves) were not appropriate:

(1) The analysis of radiological consequences used the conservative assumptions
specified in the Standard Review Plan (NUREG-0800).

(2) Risk assessments have shown that events that do not involve core melt are
not dominant contributors to risk.

(3) The costs associated with hardware modifications are not justified based
on the results of risk assessments.

The staff concluded that the General Electric Standard Technical Specification
reactor coolant activity limits would ensure that the radiological consequences
to the environment from small line failure is acceptably low. By letter dated
Dacember 28, 1983, NNECO proposed such changes, i.e., limits for dose-equivalent
iodine-131 in the primary coolant, and Amendment No. 99 issued on June 21, 1984
authorized the new iodine Technical Specification limits. For the above reasons,
the staff has concluded that the concern of Topic XV-16 has been satisfactorily
resolved.

10 CFR 100, as implemented by SRP (Ref. 20) Section 15.6.4, requires that the
radiological consequences of failure of a main steam line outside containment
be limited to small fractions of the exposure guidelines of 10 CFR 100. On the
basis of an independent assessment of the radiological consequences of a main
steam line failure outside containment, Topic XV-18, the staff determined that
Millstone Unit 1 did not meet the current acceptance criteria for this topic.
If the then existing Technical Specification limits for primary coolant activity
were used, the calculated potential offsite doses substantially exceeded the
allowable dose limits.

The limited PRA for Millstone Unit 1 concluded that this issue did not affect
any core-melt sequence and thus had no effect on core-melt frequency or risk.
Since the staff's analysis showed that the small-line failure was more limiting
than the main steam line failure, resolution of Topic XV-16 also resolved the
concerns of Topic XV-18

On the basis of the SEP topic safety evaluations listed above, the staff con-
cludes that operation of the plant will not result in any violation of fuel
design or reactor coolant pressure boundary design limits and that operation of
the plant is in conformance with CDC 10 and 15 and therefore acceptable. Also
the staff has concluded that the licensee has provided adequate protection
systems to mitigate accidents in compliance with Title 10 " Energy" Code of
Federal Regulations Parts 50 and 100.

However, the staff position on anticipated transients without scram (ATWS) has
been a subject of continuing controversy since its publication in the " Technical
Report on Anticipated Transients Without Scram for Water-Cooled Power Reactors,"
WASH-1270, in 1973. The status of the implementation of this position, includ-
ing the staff's review of each reactor manufacturer's analysis methods and
results, was published in 1975 in a series of reports. These status reports
were criticized by the nuclear industry as being excessively conservative.

,

|
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NUREG-0460 " Anticipated Transients Without Scram for Light Water Reactors,
dated April 1978 is, in the part, a response to the industry criticism and has
the purpose of reviewing and evaluating the information now available on the'

!

subject of ATWS, in particular, the material developed subsequent to the pub-
lication of the status reports.

'

The significance of ATWS in the evaluation of reacto- safety is that some ATWS
events could result in melting of the reactor fuel and the release of a large
amount of radioactive fission products. The questions in contention concern

i whether the probability of such events is great enough to justify their con-
sideration and if so, what degree of protection is required.

] Based on the occurrence of transients in currently operating nuclear power
plants, the staff now concludes that transients that would result in serious
consequences if accompanied by scram failure could be expected to occur in the
future population of plants at a rate of five to eight per reactor year. The

'

staff also estimates that the probability of scram failure, based on nearly 700i

*eactor years of operating experience in foreign and domestic commercial power
reactors with one observed potential scram failure, is in the range of 10 4 to
10 5 per demand. Thus, the expected frequency of ATWS events that could result
in serious consequences is approximately 2 x 10 4 per reactor year. The report
recommends a safety objective of 10 8 unacceptable ATWS events per reactor
year, and therefore, some corrective measures to reduce the probability or
consequences of ATWS are required.

Although reducing the frequency of anticipated transients might be a means of
. reducing the probability of ATWS events, the difficulty in accomplishing the'

necessarily large reduction apptars to make this approach impractical. Alter-j natively, improvement of the reliability of scram systems, particularly with
!

regard to potential for common made failures, by providing a second independent,
separate and diverse scram system has been considered, but no completely accept-
able design has been proposed. These considerations lead to the recommendation
that the provision of systems to mitigate the consequences of ATWS events,
should they occur, is the most promising alternative for meeting the safety
objective.

The staff developed a set of requirements for the design and performance of
systems provided to reduce the consequences or probability of ATWS events.,

| Acceptance criteria are stated that address radiological dose limits; reactor
| coolant system, fuel and containment integrity; core cooling capability; and^

mitigating system design and performance. Requirements are given for the
analysis of postulated ATWS events. The requiremants provide reasonable
assurance that, considering the frequency of ATWS events, the probability of4

I additional system failures, and the uncertainty and variation in initial con-
i ditions and parameters, the acceptance criteria are not violated. '

I The staff also considered the value and impact of these requirements. Esti-
mates of the impact, primarily the costs associated with impleinenting the

1

requirements, range from 1 to 43 million dollars per plant, depending on the
; type of plant and its stage of construction or operation. The direct value

:onsists of the cost of the averted radiological and economic consequences.
Estimates of the value range from approximately 1 to 47 million dollars per
plant and are generally larger than the corresponding impact for any one type

i
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of design. The averted potential for shutdown of a number of operating reac-
tors, should an ATWS with severe offsite consequences occur, has been estimated i

to translatt into an additional indirect value ranging from 1.5 to 23 million*

,
,

' dollars.
i

j The staff foend that, considering the expected frequency of occurrence of
; transients, the reliability of current reactor scram systems necessary to meet
! the safety objectives has not been demonstrated and may well have not been

attained. Therefore, the staff recommended that means of reducing the proba-
,

bility or consequences of ATWS events should be provided.f

As a result the Commission amended its regulations, effective July 26, 1984, :
,

to require improvements in the design and operation of light water-cooled,

; nuclear power plants to reduce the likelihood of failure of the reactor protec-
; tion system to shutdown the reactor (scram) following anticipated transients
: and to mitigate tne consequences of anticipated transients without scram (ATWS)

event (ATWS Rule 10 CFR 50.62 Requirements). The final rule requires the
,

{ installation of certain equipment (i.e., a diverse alternate rod injection
~ system, a standby liquid control system with a minimum control capacity of

86 gallons per minu*.e of 13 weight percent sodium pentaborate, and equipment to
trip the reactor coclant recirculation pumps automatically under ATWS condi-

;

; tions). It also encaurages the development of a reliability assurance program
j for the reactor trip system. For Millstone-1, the changes are to be completed

by the refueling outale in 1987.;

! |

1

i
'

!

:

I

i |
|

:

i ,

'
;

i
:

.

r

;

i

!
!

!

!

i

!

'
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16 TECHNICAL SPECIFICATIONS

The Technical Specifications in a license define certain features, character-
istics, and conditions governing the operation of a facility that cannot be
changed without prior ar sroval of the staff. The current Technical Specifica-
tions for Millstone-1 als part of the provisional operating license and will be
made part of the full-term operating license. Included are sections covering
definitions, safety limits, limiting safety settings, limiting conditions for
operations, surveillance requirements, design features, and administrative
controls.

In the course of the staf f's review of the individual SEP topics, the
Millstone-1 Technical Specifications were compared with the Standard Technical
Specifications for deviations. Where significant differences existed, they
were identified and the staff considered them for upgrading. Table 4.1 of the
IPSAR (NUREG-0824-Ref. 5) identifies the Technical Specifications that the staff
has identified as requiring upgrading. The other sections of the Technical
Specifications are reviewed only to the extent that reloads, license amend-
ments, or generic problems require.
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} 17 QUALITY ASSURANCE
|
j 17.1 General
i

! The description of the quality assurance (QA) program for the operations phase
i of Millstone Unit 1 1s referenced in the latest NRC-accepted revision of *.he

j report entitled " Northeast Utilities Quality Assurance Program Topical Report"
(NU-QA-1, Rev. 7, NRC Ltr on August 9, 1985). The staff's evaluation of this-

t QA program is based on a review of this information, discussions with repre-
sentatives from NNECO and NNECO responses.j

j The staff assessed NNECO's QA program for operations to determine if it complies
! with the requirements of 10 CFR 50, Appendix 8, SRP Section 17.2 (NUREG-0800);
i SEP Topic XVIII also addresses this topic (Ref. 5) and the applicable QA-related
! regulatory guides listed in Table 17.1 of this SER.

I !

' 17.2 Organization -

|
i The structure of the Northeast Utilities' organization responsible for the
; operation of Millstone Unit 1 and for the establishment and implementation of
| the QA program for the operations phase is shown in Figure 17.1. The President
| and Chief Operating Officer has ultimate responsibility for the establishment

and execution of the operational QA program. Authority for the establishment
'

j and execution of this QA program is delegated to the Executive Vice President,
j Engineering and Operations. He is responsible for engineering, construction,
; operation, maintenance, modification, and QA within Northeast Utilities.

Authority for the nuclear engineering, operation, maintenance, modification,
and QA for Millstone Unit 1 is delegated to the Senior Vice President, Nuclear

| Engineering and Operations. He has the specific responsibility for the program
! management in accordance with the Nuclear Engineering and Operations Policy

Statement, " Quality Assurance Program," and he resolves disputes arising from
a difference of opinion between QA personnel and other department personnel

i that are not resolved by lower management. The three vice presidents reporting
i to the Senior Vice President, Nuclear Engineering and Operations, are:
1

! 1. The Vice President, Generation Engineering and Construction, is responsible
| for modification, backfit, and betterment projects during the operation

of Millstone Unit 1. Within his organization is a Construction Quality |
*

; Control Branch that perfor.as inspections of activities performed as part
j of these projects.

|'

t

2. The Vice President, Nuclear Operations, is responsible for the operation
I and maintenance of Millstone. Within his organization is the Millstone
{ QA Supervisor who reports through the Quality Services Supervisor and the
: Station Services Superintendent to the Millstone Station Superintendent, ;

' independent of the Superintendent, Millstone Unit 1, who is responsible<

i for Millstone Unit 1 operation. Overall responsibility for implementing
j the requirements of the Millstone Unit 1 operational QA program is assigned !

i to the Unit Superintendent. The Millstone QA Supervisor is responsible .

|
for first-line verification of implementation of the requirements. He is

! L
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supported by a staff of quality assuronce/ quality control (QA/QC) engineers
and technicians. He is present or represented at Millstone Unit I work
schedule and status meetings and is thus aware of day-to-day assignments
throughout the plant and can provide adequate QA/QC coverage. He provides
nuclear generation facility management and the Manager, Quality Assurance,
with objective evidence of the implementation of the QA program within
the facility. He has the authority and organizational freedom and is
sufficiently removed from undue cost and schedule influences to perform
QA functions effectively, including responsibilities (a) to stop unsatis-
factory work and control further processing, delivery, or installation of
nonconforming materials as delineated in writing; (b) to identify quality
problems; (c) to initiate, recommend, or provide solutions; and (d) to
verify implementation of solutions.

3. The Vice President, Nuclear and Environmental Engineering, is responsible
for nuclear engineering and operations services, which include QA. The
Manager, Quality Assurance, reports through the Director Nuclear Engineer-
ing and Operations Services, to the Vice President, Nuclear and Environ-
mental Engineering. The Manager, Quality Assurance, is responsible for
the preparation and issuance of the "QA Program Topical Report" and veri-
fication of the implementation of its requirements. Verification is per-

formed by a planned program for audits, inspections, and surveillances. He

provides management with objective evidence of the performance of activi-
ties affecting quality, independently of the individual or group directly
responsible for performing the specific activity. He has the authority
and organizational freedom to ensure all necessary quality-affecting
activities are performed. He is independent of undue influences and
responsibilities for schedules and costs. He has the responsibility and

authority, delineated in writing, to stop unsatisfactory work and control
further processing, delivery, or installation of nonconforming materials.

The staff finds the applicant's organization for QA acceptable.

17.3 Quality Assurance Program

In addition to descriptive material contained in the Northeast Utilities'
topical report on quality assurance, the operations phase of the QA program
has detailed company procedures. A summary of the topics addressed in these
procedures and their relationship to the QA requirements of Appendix B to
10 CFR 50 is presented in the topical report.

Procedures and work instructions necessary to implement the requirements of j

the operations phase program are developed by the organization responsible for
the activity. Lower tier procedures and instructions are contained in manuals,
station procedures and/or administrative instructions. Onsite implementation
of procedures and work instructions is the responsibility of the Unit Super-
intendent of Millstone Unit 1. QA personnel verify that the procedures are
followed by means of inspections, audits, and other surveillance. Procedures
for such inspections, audits, and surveillance are developed, approved, and
implemented by the QA organization.

Inspections are performed using preplanned checklists in accordance with written
and approved inspection plans. The qualifications of inspectors (and their
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current status) to conduct inspections, tests, and examinations are based on
applicable codes, standards, and Northeast Utilities' training programs.

The QA organizations are responsible for the content and control of the audit
program. Audits are performed in accordance with written procedures or check-
lists by appropriately trained QA personnel who do not have direct responsi-
bility in the area being audited. The audit activities and their required
frequency are described in the topical report. Audit activities may be per-
formed on a more frequent basis as determined by the QA organization. These
include an objective evaluation of QA practices, procedures, and instructions;
work areas, activities, processes, items, and effectiveness of implementation
of the QA program.

The QA program requires that both documentation of audit results and formal
notificatiort of the audit findings be provided to the Manager Quality Assurance,
and to the management of the audited function. Audit findings, which indicate
quality trends and the effectiveness of the QA program, are also reported to
the Senior Vice-President, Nuclear Engineering and Operations. Management for
the area audited implements any corrective action needed. Followup audits are
performed to determine that nonconformances are effectively corrected and that
the corrective action precludes repetitive occurrences.

An indoctrination and training program is established to ensure that persons
involved in quality-related activities are knowledgeable in QA instructions
and requirements and demonstrate a high level of competence and skill in the
performance of their quality-related activities. A program for retraining of
such persons is provided to ensure that they maintain their proficiency.

17.4 Conclusion

On the basis of its detailed review and evaluation of the QA program descrip-
tion of NU-QA-1 as referenced therein, the staff concludes that

1. The Northeast Utilities' organization gives QA personnel sufficient (a)'
independence from cost and schedule (when opposed to safety consideration),
(b) authority to effectively carry out the operations QA program, and (c)
access to management at a level necessary to perform their QA functions.

2. The QA program describes requirements, procedures, and controls that,
when properly implemented, comply with the requirements of Appendix B to
10 CFR 50 and with the acceptance criteria contained in SRP Section 17.2
(NUREG-0800).

Accordingly, the staff concludes that Northeast Utilities' description of the
QA program for operations is in compliance with applicable NRC regulations,
meets the requirements of Appendix B to 10 CFR 50, and is acceptable.

,
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Table 17.1 Regulatory guidance applicable to' quality assurante program

Regulatory
Guide,
revision,
and date Title

1.8 Personnel Selection and Training
Rev. 1-R
May 1977

1.30 Quality Assurance Requirements for the Installation, Inspec-
Aug. 11, 1972 ticn, and Testing of Instrumentation and Electrical Equipment

1.33 Quality Assurance Program Requirements (Operation)
Rev. 2
Feb. 1978

1.37 Quality Assurance Requirements for Cleaning of Fluid
Mar. 16, 1973 Systems and Associated Components of Water-Cooled

Nuclear Power Plants

1.38 Quality Assurance Requirements for Packaging, Shipping,
Rev. 2 Receiving, Storage, and Handling of Items for Water-Cooled
May 1977 Nuclear Power Plants

1.39 Housekeeping Requirements for Water-Cooled Nuclear Power
Rev. 2 Plants
Sept. 1977

1.58 Qualification of Nuclear Power Plant Inspection, Examination,
Rev. 1 and Testing Personnel
Sept. 1980

1.64 Quality Assurance Requirements for the Design of Nuclear
Rev. 2 Power Plants
June 1976

1.74 Quality Assurance Terms and Definitions
Feb. 1974

1.88 Collection, Storage, and Maintenance of Nuclear Power Plant
Rev. 2 Quality Assurance Records
Oct. 1976 j

1.94 Quality Assurance Requirements for Installation, Inspection, ;

Rev. I and Testing of Structural Concrete and Structural Steel During
April 1976 the Construction Phase of Nuclear Power Plants

'

1.116 Quality Assurance Requirements for Installation, Inspection,
Rev. 0-R. and Testing of Mechanical Equipment and Systems ,

May 1977 l

|
>
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Table 17.1 (Continued)

Regulatory
Guide,
revision,
and date Title

1.123 Quality Assurance Requirements for Control of Procurement of
Rev. 1 Items and Services for Nuclear Power Plants
July 1977

1.144 Auditing of Quality Assurance Programs for Nuclear Power
Rev. 1 Plants
Sept. 1980

1.146 Qualification of Quality Assurance Program Audit Personnel
Aug. 1980 for Nuclear Power Plants

,

I

|
1

l

)

; |
'

|

I
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18 REPORT OF THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS !

The NNECO application for a full-term operating license is being reviewed by
the Advisory Committee on Reactor Safeguards. The NRC staff will issue a
supplement to this Safety Evaluation Report after the Committee report to the
Commission is available. The supplement will append a copy of the Committee's
report, will address comments made by the Committee, and will describe steps
taken by the NRC staff to resolve any issues raised as a result of the Committee's

i review.

;

1

i

i

}

.

4
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19 COMMON DEFENSE AND SECURITY

North East Nuclear Energy Company (NNECO) is not owned, dominated, or con-
trolled by an alien, a foreign corporation, or a foreign government. The
activities that will continue to be conducted do not involve any restricted
data, but NNECO has agreed to safeguard any such data that might become involved
in accordance with the requirements of 10 CFR 50. The licensee will continue
to rely upon obtaining fuel as it is needed from sources of supply available
for civilian purposes, so that no diversion of special nuclear material from
military purposes is involved. For these reasons, and in the absence of any

| information to the contrary, the staff has found that issuance of the full-term
operating license will not be inimical to the common defense and security.

1

I

i

!

i

e
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20 FINANCIAL QUALIFICATIONS

On March 31, 1982, the NRC publishec. in'the Federal Register (47 FR 13750)
amendments to its regulations that entirely eliminate the review relating to
the financial qualifications of applicants for construction permits and oper-
ating licenses. Because these amendments were effective immediately, there
will be no further review of the financial qualifications of the Northeast
Nuclear Energy Company.

,

,

;

,
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21 FINANCIAL PROTECTION AND INDEMNITY REQUIREMENTS

Pursuant to the financial protection and indemnification provisions of the
Atomic Energy Act of 1954, as amended (Section 170 and related sections), the,

Commission has issued regulations in 10 CFR 140. These regulations set forth
the Commission's requirements with regard to proof of financial protection by,
and indemnification of, licenses for facilities such as power reactors under

,

10 CFR 50. '

Under the Commission's regulations, 10 CFR 140, a license authorizing the
operation of a reactor may not be issued until proof of financial protection4

I in the amount required for such operation has been furnished, and an indemnity
agreement covering such operation has been executed. The amount of financial
protection that must be maintained for the Millstone-1 plant (which has a
rated capacity in excess of 100,000 electrical kilowatts) is the maximum'

amount available from private sources (that is, the combined capacity of the
two nuclear liability insurance pools; this amount is currently $160 million).

,

l
~

The NRC and NNECO entered into Indemnity Agreement No. B-39 on May 9, 1969.
Therefore, the staff concludes that the licensee complies with the provisions
of 10 CFR 140 applicable to operating licenses, including those that relate to
proof of financial protection in the requisite amount and to execution of an
-appropriate indemnity agreement with the Commission.

1

1

l

J

|

7

;

|
-!
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22 CONCLUSIONS

On the basis of its evaluation of the application as set forth above, the
staff has determined that:

1. The application for a full-term operating license (FTOL) for the Millstone
Nuclear Power Station Unit 1 filed by NNECO dated September 1, 1972, as|

I supplemented and as revised, complies with the requirements of the Atomic
Energy Act of 1954, as amended (Act), and the Commission's regulations
set forth in 10 CFR Chapter I, except as duly exempted therefrom.

2. Construction of the Millstone-1 Nuclear Power Plant has been completed in
conformity with Construction Permit No. CPPR-20, as amended, the applica-
tion as amended, the provisions of the Act, and the rules and regulations
of the Commission.

! 3. The provisions of Provisional Operating License No. DPR-21 have been met.

'
The facility will operate in conformity with the FTOL application as4.;

amended, the provisions of the Act, and the rules and regulations of the
Commission.

5. There is reasonable assurance (a) that the activities authorized by the
FTOL can be conducted without endangering the health and safety of the
public and (b) that such activities will be conducted in compliance with
regulations of the Commission set forth in 10 CFR Chapter I.

6. The licensee is technically qualified to engage in the activities autho-
rized by the FTOL, in accordance with the regulations of the Commission
set forth in 10 CFR Chapter I.

7. The issuance of the FTOL will not be inimical to the common defense and
,

security or to the health and safety of the public.

8. The FTOL for the Millstone-1 Nuclear Power Plant should be authorized
by the NRC.

;<

4 ,
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APPENDIX B

THREE MILE ISLAND - LESSONS LEARNED REQUIREMENTS

The accident at Three Mile Island Unit 2 (TMI-2) resulted in requirements that
were developed from the recommendations of several groups established to inves-
tigate the accident. These groups include the Congress, the General Accounting
Office, the President's Commission on the Accident at Three Mile Island, the
NRC Special Inquiry Group, the NRC Advisory Committee on Reactor Safeguards,
the Lessons Learned Task Force, the Bulletins and Orders Task Force of the NRC
Office of Nuclear Reactor Regulation, the Special Review Group of the NRC Office
of Inspection and Enforcement, the NRC Siting Task Force and Emergency Prepared-
ness Task Force, and the NRC Offices of Standards Development and Nuclear Regu-
latory Research. NUREG-0660, entitled "NRC Action Plan Developed as a Result
of the TMI-2 Accident" (referred to as Action Plan), was developed to provide a
comprehensive and integrated plan for. the actions judged necessary by NRC to
correct or improve the regulation and operation of nuclear facilities. The
Action Plan was based on the experience from the THI-2 accident and the recom-
mendations of the investigating groups.

With the development of the Action Plan (NUREG-0660), NRC transformed the recom-
mendations of the investigating groups into discrete scheduled tasks that speci-
fy changes in regulatory requirements, organization, or procedures. Some actions
to improve the safety of operating plants were judged to be necessary before an
action plan could be developed, although they were subsequently included in the
Action Plan. Such actions came from the Bulletins and Orders issued by the
Commission immediately after the accident, the first report of the Lessons
Learned Task Force, and the recommendations of the Emergency Preparedness Task
Force. Before these immediate actions were applied to operating plants, they
were approved by the Commission.

The NRC identified a discrete set of licensing requirements related to TMI-2
in the Action Plan for the Millstone-1 plant. NUREG-0737 entitled "Clarifica-
tion of TMI Action Plan Requirements" was issued in November 1980. This report
identifies the specific items from NUREG-0660 that were approved by the Commis-
sion for implementation at nuclear power plants. It also includes additional
information about schedules, applicability, method of implementation review,
submittal dates, and clarification of technical positions. By letter dated
December 17, 1982, Supplement 1 to NUREG-0737 was issued to provide additional
clarification regarding safety parameter display systems, detailed control room
design reviews, Regulatory Guide 1.97 application to emergency response facil-
ities, upgrading of emergency operating procedures, emergency response facil-
ities, and meteorological data. Schedules for completing the topics in Supple-
ment 1 were negotiated with the licensee and were confirmed by an NRC order
dated June 12, 1984.

Of the TMI Action Plan Requirements for Boiling Water Reactors (MP-1 is a BWR)
documented in NUREG-0737, eight (8) have yet to be satisfied. The eight open
items are:
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TMI Item Title
1C1.3A Abnormal Transient Operator Guidelines
101.1 Detailed Control Room Design Review (DCRDR)
101.2 DCRDR Summary Report
102 Safety Parameter Display System (SPDS)
IIIA.1.2 Technical Support Center

Operational Support Center
Emergency Operations Facility

IIIA.2.2 Meteorological Data Upgrade
IIE4.2 Containment Isolation Dependability
IIID3.4 Control Room Habitability

As noted above Supplement 1 to NUREG-0737 " Requirements for Emergency Response
Capability" (Generic Letter No. 8233) was issued on December 17, 1982. The
schedule for completing the first 6 of these 8 open TMI requirements was
affected by this supplement. TMI requirement IIE4.2 " Containment Isolation
Dependability" is part of an on going active effort and much correspondence
that is summarized later in this appendix. Also included later is an explana-
tion for the delay in completing TMI requirement IIID3.4 " Control Room Habit-
ability". Since most of the TMI requirements that are not fully resolved at
this time are affected by G.L. 82-33 mentioned above, the status of these
requirements is presented first.

Supplement 1 to NUREG-0737 represents the staff's attempt to distill the funda-
mental requirements for nuclear plant Emergency Response Capability from the
wide range of guidance documents that the NRC had previously issued. Its pur-

pose was to place all of the earlier staff guidance in perspective by identi-
fying the elements that the NRC staff believes to be escential to upgrade emer-
gency response capabilities. The requirements set forth in this supplement
were approved by the Commission and were, therefore, to be accorded the status
of approved NUREG-0737 items. In this connection, the resultant schedules

superceded those previously listed in NUREG-0737.

The supplement discusses coordination and integration of initiatives related
to the Safety Parameter Display System (SPDS), Detailed Control Room Design
Review (DCRDR), Emergency Operations Facility (EOF), Technical Support Center
(TSC), the Operational Support Center (OSC), and Emergency Operating Procedures
(EOPs). The TSC and EOF are dependent on control room improvements in terms of
communication and instrumentation needs among the TSC, E0F, and control room.
TSC and EOF facilities are not necessarily dependent on each other. The OSC is
independent of TSC and EOF.

The three groups of initiatives--SPDS, control room improvements, and emergency
response facilities (TSC, EOF, OSC)--have the following interrelationships:

The SPDS is an improvement because it enhances operator ability to compre-a.
hend plant conditions and interact in situations that require human inter-
vention. The SPDS could affect other control room improvements that
licensees may consider. In some cases, a good SPDS could obviate the need
for extensive modifications to control rooms.

b. New instrumentation that may be added to the coitrol room should be con-
sidered a requirement for inclusion in the design of the TSC and E0F only

t

!
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to the extent that such instrumentation is essential to the performance of,

TSC and EOF functions.

c. The SPDS and control room improvements are essential elements in operator
training programs and the upgraded plant-specific emergency operating
procedures

d. Acquisition, processing, and management of data for SPDS, control room

] improvements, and emergency response facilities should be coordinated.

Specific implementation plans and reasonable, achievable schedules for improve-
' ments to satisfy the requirements were to be established by agreement between

the NRC Project Manager and each individual licensee. By letter dated June 12,
j 1984, the Commission issued an order confirming the commitments on emergency

response capability. These commitments are shown in Table 1.
.

The Commission requirements and a brief status summary for each of the 6 open
TMI items encompassed by Supplement 1 and the Commission Order are listed below
followed by similar information for the remaining 2 open TMI items.'

|

|
IC13A Abnormal Transient Operator Guidelines-

Requirements.

! Submit a procedures generation package to NRC for approval. The
procedures generation package should include:4

Plant-Specific Technical Guidelines- plant-specific guidelines for
plants not using generic technical guidelines. For plants using

. generic technical guidelines, a description of the planned method for

} developing plant specific E0Ps from the generic guidelines, including

| plant specific information.

A Writer's Guide that details the specific methods to be used by the
licensee in preparing E0Ps based on the Technical Guidelines.

A description of the program for validation of E0Ps.

A brief description of the training program for the upgraded E0Ps.

Status

As shown in Table 1, the Procedures Generation Package was submitted
on May 13, 1983. It was later revised on March 9, 1984 when a re-
sponse to an NRC request for additional information was provided.

I The staff issued a safety evaluation dated September 24, 1984. The
licensee letter dated January 30, 1985 responded to the staff's
safety evaluation comments and included revision 1 to E0P Writers'
Guide. The staff evaluation continues.

<
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TABLE 1

LICENSEE'S COMMITMENTS ON SUPPLEMENT 1 TO NUREG-0737

LICENSEE'S
COMPLETION

'

SCHEDULE

TITLE REQUIREMENT (OR STATUS)

1. Safety Parameter la. Submit a safety analyses and an 04/09/87
System (SPDS) implementation plan to the NRC.

Ib. SPDS fully operational and Submit schedule
operators trained, by 04/09/87.

2. Detailed Control 2a. Sumbit a program plan to the 03/02/87
Room Design Review NRC. ,

(DCROR)
2b. Submit a summary report to the Submit schedule

NRC including a proposed by 03/02/87
schedule for implementation

3. Regulatory Guide 3a. Submit a report to the NRC Complete 02/29/84
1.97-Application describing how the requirements

;

to Emergency Response of Supplement 1 to NUREG-0737
Facilities have been or will be met.

4. Upgrade Emergency 4a. Submit a Procedures Complete 05/13/85
' Operating Procedures Generation Package to the

(EOPs) NRC.

4b. Implement the upgraded E0Ps. Complete 06/29/83>

5. Emergency Response Sa. Technical Support Center Interim TSC
Facilities fully functional. Operational * +

i Sb. Operational Support Center Complete *

|
fully functional.

Sc. Emergency Operations Facility Complete *
fully functional.'

(** EOF Backup1

siting relief
requested by
NNECo letter
dated August 3, j

1983.)

*Except for any additional changes that may be required as a result of other
items in this Order.

[ ** Approved Corporate Emergency Operation Center in Berlin, Connecticut by NRC
| 1etter dated 6/7/84. ;

+0perational TSC temporarily relocated to EOF pending completion of Millstone
'

;

j site TSC (tentatively mid-1985).
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101.1 Detailed Control Room Design Review (DCRDR)-

Requirements

Improve the ability of nuclear power plant control room cperators to
prevent accidents or cope with accidents if they occur by improving
the information provided to them. To accomplish this:

A. Conduct a control room design review to identify hunian engineer-
ing discrepancies. The review shall consist of:

(1) The establishment of a qualified multidisciplinary
review team and a review program incorporating accep-
ted human engineering principles.

(ii) The use of function and task analysis (that had been
used as the basis for developing emergency operating
procedures Technical Guidelines and plant specific
emergency operating procedures) to identify control
room operator tasks and information and control
requirements during emergency operations. This
analysis has multiple purposes and should also serve
as the bases for developing training and staffing
needs and verifying SPDS parameters.

(iii) A comparison of the display and control requirements
with a control room inventory to identify missing
displays and controls.

(iv) A control room survey to identify deviations from
accepted human factors principles. This survey will
include, among other things, an assessment of the
control room layout, the usefulness of audible and
visual alarm systems, the information recording and
recall capability, and the control room environment.

B. Assess which human engineering discrepancies are significant and
should be corrected. Select design improvements that will
correct those discrepancies. Improvements that can be accomp-
lished with an enhancement program (paint-tape-label) should be
done promptly.

C. Verify that each selected design improvement will provide the
necessary correction, and can be introduced in the control room
without creating any unacceptable human engineering discrepancies
because of significant contribution to increased risk, unreviewed
safety questions, or situations in which a temporary reduction
in safety could occur. Improvements that are introduced should
be coordinated with changes resulting from other improvement
programs such as SPDS, operator training, new instrumentation
(REG. Guide 1.97, Rev. 2), and upgraded emergency operating
procedures.
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Status

By letter dated November 28, 1983, the licensee provided a schedule
for completing the DCRDR. According to this schedule design details
will be forthcoming by January 8,1987, and the plans for this effort
will be submitted to NRC by March 2, 1987. The schedule for imple-

mentation of the changes will be prepared by February 2, 1988.

1D1.2 DCRDR Summary Report-

! Requirement

Submit a summary report of the completed DCRDR outlining the proposed
control room changes, including the proposed schedules for implementa-
tion. The report should also provide a summary a summary justifica-
tion for human engineering discrepancies with safety significance to
be left uncorrected or partially corrected.'

Status

The licensee scnedule for preparation of the Summary Report is
February 2, 1988.

I 1D2 Safety Parameter Display System (SPDS)-

: Requirements

a. Provide a concise display of critical plant variable to the
control room operators to aid them in rapidly and reliably
determining the safety status of the plant. Although the SPDS
will be operated during normal operations as well as during
abnormal conditions, the principal purpose and function of the
SPDS is to aid the control room personnel during abnormal and
emergency conditions in determining the safety status of the
plaat and in assessing whether abnormal conditions warrant
corrective action by operators to avoid a degraded core. This
can be particularly important during anticipated transients and.

the initial phase of an accident.

b. Locate the SPDS convenient to the control room operators. This
system should continuously display information from which the
plant safety status can be readily and reliably assessed by
control room personnel who are responsible for the avoidance of
degraded and damaged core events.

Provide the operators with the information necessary for safec.
reactor operation under normal, transient, and accident condi-
tions. The SPDS should be used in addition to the basic compo-
nents and serves to aid and augment these components. Thus,

requirements applicable to control room instrumentation are not
needed for this augmentation (e.g., GDC 2, 3, 4 in Appendix A;
10 CFR Part 100; single-failure requirements). The SPDS need,

not meet requirements of the single-failure criteria and it need

i
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not be qualified to meet Class IE requirements. The SPDS should
be suitably isolated from electrical or electronic interference
with equipment and sensors that are in use for safety systems.
The SPDS need not be seismically qualified, and additional
seismically qualified indication is not required for the sole
backup for SPDS. Procedures which describe the timely and
correct safety status assessment when the SPDS is and is not
available, should be developed by the licensee in parallel with
the SPDS. Furthermore, operators should be trained to respond
to accident conditions both wfth and without the SPDS.

d. Select the specific information for the SPDS based on engineering
judgement.

e. The SPDS display shall be desi'ned to incorporate accepted human
factors principles so that the displayed information can be
readily perceived and comprehended by SPDS users.

f. Provide sufficient information for plant operators to accurately
assess

(i) Reactivity control
(ii) Reactor core cooling and heat removal from the primary

system
(iii) Reactor coolant system integrity
(iv) Radioactivity control !

(v) Containment conditions

g. Submit a written safety analyses describing the basis on which
selected parameters are sufficient to assess the safety status
of each identified function for a wide range of events, which
include symptoms of severe accidents.'

Status
,

The licensee has scheduled integration of the SPDS with the ongoing
programs to upgrade the process computer at Millstone-1. It is
expected that the new replacement computer for M-1 will be in service
by January 14, 1988 (NNECO 11/28/83 letter). On this basis, the
safety parameters will be identified by January 8, 1987 and a safety
analysis report will be submitted to NRC by April 9, 1987.

IIIA.1.2 Emergency Response Facilities (ERFs)-

The Technical Support Center (TSC), Operational Support Center (OSC),
and The Emergency Offsite Facility (EOF) are included as integral
parts of the ERFs. The licensee plans to have the upgraded ERFs
fully functional following Control Room Redesign and SPDS implement-
ation by September 1988.

The final upgraded facilities will be considered acceptable when:
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1. Physical Facilities

a. Structures completed and operational
b. Ventilation systems installed and operational
c. All furniture and hardware in place

3

; d. 'All instrumentation and communications equipment installed
;and operational

e. All radiation and meterological monitoring equipment and
other equipment installed and operational

2. Data Acquisition Systems

All hardware, firmware and software designed, installed anda.
operational

f b. All detectors and indicators installed, connected to

interrogation systems and operational
All information displays and calculational models designed,c.
installed and operational

d. Verification of all data system displays and models
complete and documented
SPOS complete and operational if part of the data acquisi-e.
tion system

<

3. All necessary procedures completed in final form for operation
of all facilities, instrumentation, equipment and functions.

! 4. Personnel trained to carry out ERF functions and operation of
all data systems, communications, instrumentation and equipment.

!

S. All plant records, drawing and other information essential for
| determining plant accident status available to ERFS.|

The TSC, OSC, and EOFs are discussed below in more detail:
!

Requirements for Technical Support Center
1

: a. When activated it should be the onsite technical support center
for emergency response staffed by predesignated technical,
engineering, senior management, and other licensee personnel,
and five pre-designated NRC personnel. During periods of'

,
activation, the TSC should operate uninterrupted to provide

[ plant management and technical support to plant operations
personnel, and to relieve the reactor operators of peripherali
duties and communications not directly related to reactor system
manipulations. It should perform EOF functions for the Alert

' Emergency class and for the Site Area Emergency class and
,

General Emergency class until the EOF is activated when the
emergency personnel have arrived.

b. Locate within the site protected area so as to facilitate
necessary interaction with control room, OSC, EOF and other
personnel involved with the emergency.

t
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c. Accommodate and support NRC and licensee predesignated personnel,
equipment and documentation in the center.

:

d. Build in accordance with the Uniform Building Code.

e. Control environment to provide room air temperature, humidity
and cleanliness appropriate for personnel and equipment.

f. Provide radiological protection and monitoring equipment neces-
sary to assure that radiation exposure to any person working in
the TSC would not exceed 5 rem whole body, or its equivalent to
any part of the body, for the duration of the accident.

g '. Provide reliable voice and data communications with the control
room and EOF and reliable voice communications with the OSC, NRC
Operations Centers and state and local operations centers.

h. Provide capability for reliable data collection, storage,,

analysis, display and communication sufficient to determine site
and regional status, changes in status, forecasts and appropriate
actions. The following variables should be available in the
TSC:

(i) the variables in the appropriate Table 1 or 2 of Regulatory
Guide 1.97 (Rev. 2) that are essential for performance of
TSC functions; and

(ii) the meterological variable in Regulatory Guide 1.97 (Rev. 2)
for site vicinity and National Weather Service data avail-

! able by voice communication for the region in which the
plant is located.

Principally those data must be available that would enable
evaluating incident consequences, mitigating actions,
damages and determining plant status during recovery
operations.4

i. Provide with accurate plant records (drawings, schematic diagrams,
etc.) essential for evaluation of the plant under accident
conditions.

J. Staff with sufficient technical, engineering, and senior desig-
nated licensee officials to provide needed support, and be fully

.

operational within approximately 1 hour after activation.

k. Design using good human factors engineering principles.

Status

By letter dated January 31, 1984, the licensee informed the NRC of
the necessity to relocate the existing TSC which was located in the
M-1 computer room to the Emergency Offsite Facility (EOF) on a
temporary basis. The M-1 TSC will be permanently located within the
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Millstone-3 facility currently nearing construction completion, but
until this space is available the TSC will be within the EOF. Prep-
arations for the installation of the replacement plant process

computer necessitated this temporary relocation of the TSC. By
letter dated April 2, 1984, the NRC approved the temporary relocation
of the Millstone-1 TSC with the understanding that the TSC would be
moved to its permanent location within the Millstone-3 facility by
May 1985. The effectiveness of the TSC has been demonstrated during
recent emergency exercises and drills at Millstone-1.

Requirements for Operational Support Center

The OSC should, when activated be the onsite area separate froma.
the control room where predesignated operations support personnel
will assemble. A predesignated licensee official shall be
responsible for coordinating and assigning the personnel to
tasks designated by control room, TSC and EOF personnel.

b. Locate onsite to serve as an assembly point for support personnel
and to facilitate performance of support functions and tasks,

Provide capability for reliable voice communications with thec.
control room, TSC and EOF.

Status

A suitable area near the Millstone-2 condensate polishing equipment
has been designated as the OSC. Its effectiveness has been acceptably
demonstrated during recent emergency exercises and drills at the
Millstone-1.

i Requirements for Emergency Operations Facility

Provide for the acquisition, display and evaluation of .at.io-a.
logical and meteorological data and containment conditiu
necessary to determine protective measures. When the E0F is

!

.
activated, it will be staffed by predesignated emergency per-

|
sonnel identified in the emergency plan. A designated senior
licensee official will manage licensee activities in the EOF.
The EOF is a licensee controlled and operated facility. The

| EOF provides for management of overall licensee emergency
response, coordination of radiological and environmental assess- j

ment, development of recommendations for public protective
|

actions and coordination of emergency response activities with )
,

| Federal, State and local agencies. 1

b. Locate and provide with radiation protection features (as
|

described in Table 1 of Generic Letter 82-33) and with appro-,

priate radiological monitoring systems.

Accommodate and support Federal, State, local.and licenseec.
predesignated personnel, equipment and documentation.

|
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d. Build in accordance with the Uniform Building Code.

Provide room air temperature, humidity and cleanliness appro-e.
priate for personnel and equipment.

f. Provide with reliable voice and data communications facilities
to the TSC and control room, and reliable voice communication
facilities to OSC and to NRC, State and local emergency opera-
tions centers.

g. Provide capability for reliable collection, storage, analysis,
display and communication of information on containment condi-
tions, radiological releases and meteorology sufficient to
determine site and regional status, determine changes in status,
forecast status and take appropriate actions. Variables from
Table 1 of Regulatory Guide 1.97 (Rev. 2), including the
meteorological variables for site vicinity and regional data
available via communication from the National Weather Service
shall be available in the EOF.

h. Provide with up to date plant records (drawings, schematic,

diagrams, etc.), procedures, emergency plans and environmental
information (such as geophysical data) needed to perform EOF
functions.

i. Staff during emergencies using Table 2 of GL 89-33 as a goal.
Reasonable exceptions to goals for the number of additional
staff personnel and response times for their arrival should be
justified and will be considered by NRC staff.

j. Provide for industrial security, when it is activated, to
exclude unauthorized personnel and when it is idle to maintain
its readiness.

k. Design taking into account good human factors engineering
principles.

Status

Construction of the EOF building was completed and the facility was
operable in July 1981 (Ref. NNECO 8/3/83 letter). The EOFs are
described as substantial structures having protection factors greater
than 500 from a semi-infinite cloud airborne source, both high
efficiency particulate air filters and charcoal absorbers, concrete
reinforced two-foot thick walls and ceilings, airtight doors upon
activation, dedicated emergency diesel generators, kitchen facilities
and decontamination facilities - located within 1 1/2 miles of the
Millstone Nuclear Power Station. These features and the physical
distance form the postulated radiation source, result in a sheltered
facility that can be fully operational for any design basis accident.
By letter dated June 7, 1984, the staff responded to NNECO letter
dated February 3, 1984. NNECO had proposed, in this letter, con-
solidation of certain EOF functions at an alternate location in the

,
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Corporate Emergency Operations Center in Berlin, Connecticut, approxi- t

mately 40 miles from the Millstone Nuclear Power Station. The
Corporate Emergency Operations Center is a facility with communica-
tions to the TSC where offsite officials gather to communicate with
the plant in the unlikely event that they cannot reach the highly
protected EOF because of the environmental radiological conditions
near the EOF. The staff response noted that the Commission found
the location of this alternate facility acceptable.

IIIA2.2 Meteorological Data Upgrade-

;

Requirements

Provide reliable indication of the meteorological variables (wind
direction, wind speed, and atmospheric stability) specified in
Regulatory Guide 1.97 (Rev. 2) for site meteorology. No changes in
existing meteorological monitoring systems are necessary if they have
historically provided reliable indication of these variables that are
representative of meteorological conditions in the vicinity (up to
about 10 miles) of the plant site. Information on meteorological
conditions for the region shall be available via communication with
the National Weather Service.

Status

By letter dated April 9,1984, NNECO noted that Regulatory Guide 1.97!

requirements for wind direction, speed, and stability are satisfied 3

j by the existing instrumentation. NRC letter dated March 11, 1985
Concurs.

IIE4.2 Containment Isolation Dependability

Except for the following requirements, all the TMI lessons learned positions ,

listed in NUREG-0737 ftem IIE.4.2 have been satisfied.

Requirements

! Provide debris screens in the drywell to protect purge / vent valves.
i
~ Provide automatic closure of all purge / vent valves on signal of abnormal

containment radiation level.
i

Assure standby gas treatment system (SGTS) integrity following loss of coolant
accident (LOCA).

Test purge / vent valves with resilient seat material (i.e, leakage integrity
i tests) at 3 month intervals.

Status

The staff safety evaluation, dated February 25, 1985, is based on a number of
submittals by the utility. The status of each of the above requirements was,

abstracted from the staff evaluatioa.

!
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: Debris screens: The utility has concluded that debris of the type that could'

prevent purge /vant valve closure is not expected. Pipe scale, if there is
any, should not adversely affect valve closure capability due to the short
length of upstream piping at containment isolation valves and the open flow
path characteristic of the butterfly valves. The staff disagrees.

'

Automatic P/V valve cicsure on radiation signal: The licensee requires that ai

dedicated operator be stationed at panel 903 to monitor drywell conditions and
close the purge / vent valves if there is any indication abnormal conditions

i within the containment environment. The 18 inch purge / vent valves are opened
infrequently - i.e., during startups or shutdown when human access to contain-

i ment is required. For these reasons NNECO has concluded that automatic valve
g closure from high containment radiation signal is not justified. The staff

disagrees.

SGTS: The licensee has reported that the SGTS and purge inlet are automatically
isolated if drywell containment pressure increases to 2 psig. If a design
basis accident results in containment pressure increases of 20 to 43 psig the
integrity of the SGTS cannot be assured. Valve-closure times up to 10 seconds
are permitted by the Technical Specifications and following DBA, such pressures
are possible. NNECO concluded that the probability of damage is low. The,

i staff concluded however that the risk of SGTS damage is unacceptable.

Purge / Vent valve tests: The licensee contends that the Appendix J test freq-' uency for these valves (2 year test interval) is adequate. The basis for
this is that there has been no degradation to date more rapid than predicted
by the manufacturer. The staff disagrees.

I

The staff safety evaluation, dated February 25, 1985, included consideration
of the licensee alternatives for the remaining IIE4.2 requirements listed
above but concluded that NNECO alternative actions were unacceptable. The NRC
letter requested that NNECO commit to the NRC Requiremer ts by mid April 1985.

! IIID3.4 Control Room Habitability

; Requirements

Assure that control room operators will be adequately protected against the
i effect of accidental release of toxic and radiocative gases and that the
! nuclear power plant can be safely operated or shutdown under design basis

accident conditions. Criterion 19, " Control Room" of Appendix A, General,

Design Criteria for Nuclear Power Plants, to 10 CFR Part 50 requires that a4

control room shall be provided from which actions can be taken to operate the,

nuclear power unit safely under normal conditions and to maintain it in a safe
condition under accident conditions, including loss-of-coolant accidents.,

i Adequate radiation protection shall be provided to permit access and occupancy
of the control room under accident conditions without personnel receiving
radiation exposures in excess of 5 rem whole body, or its equivalent to any

| part of the body, for the duration of the accident.

! Equipment at appropriate locations outside the control room shall be provided
1 (1) with a design capability for prompt hot shutdown of the reactor, including

necessary instrumentation and controls to maintain the unit in a safe condition
*

.
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during hot shutdown, and (2) with a potential capability for subsequent cold
shutdown of the reactor through the use of suitable procedures.

Status

By letter dated November 7,1984 NNECO proposed to amend its operating license
by removing the required completion data for Item IIID3.4 of December 31, 1984
(NRC orders confirming licensee commitments on post TMI related issues datedi

March 14, 1983) and replacing it with "to be determined" The basis for this
delay is that NUREG 0737 is to be reevaluated in its entirety and a new imple-
mentation schedule that reflects its safety significance is to be established
as part of the Integrated Safety Assessment Program (ISAP) review of Millstone
Unit 1. ISAP in its later phases of review is similar to the "Living Schedule"
concept endorsed by the NRC in Generic Letter 83-20 issued May 9, 1983.

The staff had previously reviewed deferral of the modifications to satisfy
control room habitability requirements (letter dated April 5, 1984) and con-
cluded that the' proposed delay was justified and acceptable. An earlier staff

evaluation dated April 16, 1982 identified the outstanding commitments at that
point in time.

Conclusion: All post TMI lessons Icarned items of NUREG O', , have been resolved

satisfactorily for the Millstone Nuclear Power Station Unit 1 except for those
included in Supplement 1 to NUREG 0737 issued as GL 82-33 on December 17, 1982
and two others concerning reactor containment integrity and control room
habitability.

,

Numerous exchanges between NNECO and NRC have explored and evaluated alternatives;

to the NRC requirements for containment integrity causing the satisfactory'

resolution of TMI item II.E.4.2 requirement to slip beyond projected completion
dates. The staff safety evaluation dated February 25, 1985 identifies th*
precise issues that must be resolved to satisfactorily close this TMI ite.i.

Generic Letter No 82-33 specifically relaxes the earlier completion schelules
for the emergency response items and permits a more relaxed schedule of imple-
mentation so that the related activities can be integrated to effectively

utilize the various resources.

Similarly, delay in implementing the control room habitability TMI item III.D.3.4
will permit this TMI item to be included in an Integrated Safety Assessment
Program (ISAP) and prioritized for more effective use of resources. ,

!

|

I

Millstone - FTOL SER B-14

- -. . -. _-_ . .__



. .- - - - _ _ _ - - . _-. - .__ _. _ _ _ _ . _ . . . - -

,

e

i
,

4

APPENDIX C
l NUCLEAR REGULATORY COMMISSION (NRC)

C.1 Introduction
i

The NRC staff evaluates the safety requirements used in its reviews against new
information as it becomes available. Information related to the safety of
nuclear power plants comes from a variety of sources including experience from'

, operating reactors; research results; NRC staff and Advisory Committee on'
Reactor Safeguards (ACRS) safety reviews; and vendor, architect / engineer, and
utility design reviews. After the accident at TMI, the Office for Analysis and
Evaluation of Operational Data was established to provide a systematic and

j. continuing review of operating experience. Each time a new concern or safety
! issue is identified from one or more of these sources, the need for immediate
; action to ensure safe operation is assessed. This assessment includes
; consideration of the generic implications of the issue.

In some cases, immediate action is taken to assure safety, e.g., the derating
of boiling water reactors as a result of the channel box wear problems in 1975.3

In other cases, interim measures, such as modifications to operating
] procedures, may be sufficient to allow further :tudy of the issue prior to

making licensing decisions. In most cases, however, the initial assessment'

indicates that immediate licensing actions or changes in licensing criteria are
not necessary. If the issue applies to several or a class of plants the issue
is evaluated further as a " generic safety issue." This evaluation-considers
the safety significance of the issue, the cost to implement any changes in;

; plant design or operation and other significant and relevant factors to
establish a priority ranking of the issue. Based on this ranking, resolution

i of the issue is scheduled for near term resolution, deferred until resources
become available or dropped from further considerations.

1

These issues with the highest priority ranking are reviewed to determine
| whether they should be designated as " unresolved safety issues" (NUREG-0410,

"NRC Program for the Resolution of-Generic Issues Related to Nuclear Power,
'

Plants," dated January 1,1978). However, as discussed above, such issues are
considered on a generic basis only after the staff has made an initial determi- ,

nation that the safety significance of the issue does not prohibit continued
'

operation or require licensing actions while the longer term generic review is4

'

underway.

T iese longer term generic studies were the subject of a Decision by the Atomic4

S fety and Licensing Appeal Board of the Nuclear Regulatory Commission. The
[ cision was issued on November 23, 1977 (ALAB-444) in connection with the

j / 3 peal Board's consideration of the Gulf States Utility Company application for
11e River Bend Station, Unit Nos. I and 2. These issues were also considered;

i the operating license proceeding Virginia Electric and Power Company (North4

Anna Nuclear Power Station, Unit Nos. 1 and 2), ALAB-491, NRC 245 (1978). A4

.further discussion of-these issues is contained in 'a decision by the Atomic>

Safety and Licensing Appeal Board in connection with its considerations of the
Pacific Gas and Electric Company operating license application for the Diablo
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Canyon Nuclear Power Plant, Units 1 and 2 (ALAB-728, issued May 18,1983). In
,

the ALAB-728 Decision, the Board stated with regard to an operating license
! proceeding that: "it would be helpful to us if the staff would include in an
i SER supplement an explanation of the unresolved safety issues affecting the
) facility under review and the reasons the facility could nonetheless safely
i operate pending resolution of those issues." This appendix is provided in

response to the Board's request.

! C.2 Unresolved Safety Issues

L In a related matter, as a result of Congressional action on .the Nuclear Regula-
tory Commission budget for Fiscal Year 1978, the Energy Reorganization Act of
1974 was amended (PL 95-209) on December 13, 1977 to include, among other
things, a new Section 210 as follows:

UNRESOLVED SAFETY ISSUES PLAN

SEC. 210. The Commission shall develop a plan providing for specification
.

and analysis of unresolved safety issues relating to nuclear reactors and
shall take such action as may be necessary to implement corrective'

measures with respect to such issues. Such plan shall be submitted to the
Congress on or before January 1, 1978 and progress reports shall be
included in the annual report of the Commission thereafter.*

;

The Joint Explanatory Statement of the House-Senate Conference Committee forI

I the Fiscal Year 1978 Appropriations Bill (Bill S.1131) provided the following
additional information regarding the Committee's deliberations on this portion
of the bill:,

SECTION 3 - UNRESOLVED SAFETY ISSUES
,

! The House amendment required development of a plan to resolve generic
! safety issues. The conferees agreed to a requirement that the plan
| be submitted to the Congress on or before January 1, 1978. The con-

ferees also expressed the intent that this plan should identf fy and
describe those safety issues, relating to nuclear power reactors,

I which are unresolved on the date of enactment. -It should set forth:
(1) Commission actions taken directly or indirectly to develop and
implement corrective measures; (2) further actions planned concerning

,

|
such measures; and (3) timetables and cost estimates of such actions.
The Commission should indicate the priority it has assigned to each
issue, and the basis on which priorities have been assigned.

7

j In response to the reporting requirements of the new Section 210, the NRC staff
submitted NUREG-0410 to Congress on January 1, 1978. This NUREG describes thei

NRC generic issues program. The hRC program was already in place wheni

PL 95-209 was enacted and is of considerably broader scope than the unresolved
safety issues plan required by Section 210. In the letter transmitting

NUREG-0410 to the Congress on December 30, 1977, the Commission indicated:
"the progress reports, which are required by Section 210 to be included in
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future NRC annual reports, may be more useful to Congress if they focut on '.he
specific Section 210 safety items."

"

It is the NRC's- view that the intent of Section 210 was to ensure that plans
were developed and implemented on issues with potentially significint public
safety implications. In 1978, the NRC undertook a review of more than
130 generic issues addressed in the NRC program to determine which issues fit'

this description and qualify as unresolved safety issues for reporting to the
Congress. The NRC review included the development of proposals by the NRC
staff and review and final approval by the NRC Commissioners.

{ The review is described in a report, NUREG-0510, " Identification ,f Unresolved
Safety I.esues Relating to Nuclear Power Plants - A Report to Congress," dated

, January 1979. The report provides the following definition of an unresolved
j safety issue:

An Unresolved Safety Issue is a matter affecting a number of nucle. -
power plants that poses important questions concerning the adequacy
of existing safety requirements for which a final resolution has not
yet been developed that involves conditions not likely to be accept-
able over the lifetime of the plants it affects.

Further, the report indicates that in applying this definition, matters that
pose "important questions concerning the adequacy of existing safety require-
ments" were judged to be those for which resolution is necessary to (1)
compensate for a possible major reduction in the degree of protection of the;

public health and safety, or (2) provide a potentially significant decrease in
the risk to the public health and safety. Quite simply, an unresolved safety
issue is potentially significant from a public safety standpoint and its3

resolution is likely to result in NRC action on the affected plants.,
1

All of the issues addressed in the NRC program were systematically evaluated
against this definition as described in NUREG-0510. As a result, 17 unresolved
safety issues addressed by 22 tasks in the NRC program were identified.

An in-depth and systematic review of generic safety concerns identified between,

January 1979 and March 1981 was performed by the staff to determine if any of
these issues should be designated as Unresolved Safety Issues. The candidate
issues originated from concerns identified in NUREG-0660, "NRC Action Plan as a;

Result of the TMI-2 Accident"; from ACRS recommendations; from abnormali

occurrence reports; and from other operating experience. The staff's proposed,

: list was reviewed and commented on by the ACRS, the Office of Analysis and
Evaluation of Operational Data (AE0D), and the Office of Policy Evaluation.

j The ACRS and AE00 also proposed that several additional Unresolved Safety
Issues be considered by the Commission. The Commission considered the above
information and approved the four Unresolved Safety Issues A-45 through A-48.;

A description of the review process for candidate issues, together with a list
of the issues considered, is presented in NUREG-0705, dated March 1981. An

{ expanded discussion of each of the new Unresolved Safety Issues is also in
NUREG-0705. In addition to the four issues identified above, in December 1981
the Comission approved another issue, A-49, Pressurized Thermal Shock, as an,

Unresolved Safety Issue.
:
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The issues are listed below. The number (s) of the generic task (s) (for
example, A-1) in the NRC program addressing each issue is indicated in
parentheses following the title.

Unresolved Safety Issues (Applicable Task Nos.)

(1) Waterhammer ( A-1)
(2) Asymmetric blowdown loads on the reactor coolant system (A-2)
(3) Pressurized water reacter steam generator tube integrity (A-3, A-4, A-5)
(4) BWR Mark I and Mark II pressure suppression containments (A-6, A-7, A-8,

A-39)
(5) Anticipated transients without scram (A-9)
(6) BWR nozzle cracking (A-10)
(7) Reactor vessel materials toughness (A-11)
(8) Fracture toughness of steam generator and reactor coolant pump supports

(A-12)
(9) Systems interaction in nuclear power plants (A-17)
(10) Environmental qualification of safety-related electrical equipment (A-24)
(11) Reactor vessel pressure transient protection (A-26)
(12) Residual heat removal requirements (A-31)
(13) Control of heavy loads near spent fuel (A-36)
(14) Seismic design criteria (A-40)
(15) Pipe cracks at boiling water reactors (A-42)
(16) Containment emergency sump reliability (A-43)
(17) Station blackout (A-44)
(18) Shutdown decay heat removal requirements (A-45)
(19) Seismic qualification of equipment in operating plants (A-46)
(20) Safety implications of control systems (A-47)
(21) Hydrogen control measures and effects of hydrogen burns on safety

equipment (A-48)
(22) Pressurized thermal shock (A-49)

Seven of the 25 tasks identified with the unresolved safety issues are not
applicable to Millstone 1 because they apply to PWRs only. These tasks are
A-2, A-3, A-4, A-5, A-12, A-26, and A-49. Also, Task A-8 is applicable only to
Mark II BWR containments. With regard to the remaining tasks that are
applicable to this facility, the NRC staff has issued NUREG reports providing
its proposed resolution for eleven of these issues (Table 1). Each of these
has been addressed in this Safety Evaluation Report or will be addressed in a
future supplement. The Table I below lists those issues and the section of
this SER in which they are discussed.

!The remaining issues applicable to this facility are

A-17 Systems interaction in nuclear power plants
A-40 Seismic design criteria
A-43 Containment emergency sump reliability
A-44 Station blackout

! A-45 Shutdown decay heat removal requirements
A-46 Seismic qualification of equipment in operating plantsi

A-47 Safety implications of control systems
A-48 Hydrogen control measures and effect of hydrogen burns on safety

equipment
Millstone 1 SER C-4
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The Task Action Plans for Unresolved Safety Issues for which no staff NUREG
report has been issued and for which work is continuing are provided in
NUREG-0649, Revision 1, " Task Action Plans for Unresolved Safety Issues Related
to Nuclear Power Plants." Each Task Action Plan provides a description of the
problem; the staff's approach to its resolution; a general discussion of the
bases upon which continued plant licensing or operation can proceed pending
completion of the task; the technical organizations involved in the task and
estimates of the manpower required; a description of the interactions with
other NRC offices, the ACRS, and outside organizations; estimates of funding
required for contractor-supplied technical assistance; prospective dates for
completing the task; and a description of potential problems that could alter
the planned approach or schedule.

In addition to the Task Action Plans, the staff issues the " Office of Nuclear
-Reactor Regulation Unresolved Safety Issues Summary, Aqua Book" (NUREG-0606) on
a quarterly basis; this report provides current schedule information for each-

of the Unresolved Safety Issues. It also includes information relative to the
implementation status of each Unresolved Safety Issue for which technical
resolution is complete.

The staff has reviewed the Unresolved Safety 1ssues listed above as they relate
to Millstone 1. Discussion of each of these -issues, including references to
related discussions in the Safety Evaluation Report, is in Section C.3. Based
on its review, the staff concludes for the reasons set forth in Section C.3
that there is reasonable assurance that Millstone 1 can be operated before the
ultimate resolution of these ca-t 'c issues without endangering the health and
safety of the public.

C.3 Discussions of USIs as they Relate to Millstone Units 1

This section provides the NRC staff's evaluation of Millstone 1 for each of the
applicable Unresolved Safety Issues. This includes the staff's bases for
licensing before ultimate resolution of these issues.

Task A-17 Systems Interactions in Nuclear Power Plants

Millstone 1 was evaluated against licensing requirements that were founded on
the principle of. defense-in-depth. Adherence to this principle and conformance
to.the regulations (e.g., the General Design Criteria) results in design
provisions such as physical separation and independence of redundant safety
systems. Furthermore, the quality assurance program that is followed during
design and construction contributes to the adherence to these provisions.
Therefore the staff concludes that the design and construction as well as the
licensing process can provide for a significant degree of plant safety with

; respect to the potential for adverse system interactions.

The Systematic Evaluation Program was initiated in 1977 to evaluate operating
facilities 'to reconfirm and document their safety in light of the current
regulatory requirements. The Systematic Evaluation Program derived a list of
significant safety topics from existing issues. Although the 137 topics doe
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not explicitly address systems interactions reviews, the acceptance crite.ria
for some topics include reviews for hazards created by intersystem
dependencies. the Systematic Evaluation Program also includes a systematic
review of the operating experience of the plant under evaluation. The
Systematic Evaluation Program has been completed for Millstone 1. Although the
Systematic Evaluation Program objective was not intended to resolve USI A-17 on
Millstone 1, the acceptance criteria for the topics within SEP are derived from
the acceptance criteria within the SRP. Some of the acceptance criteria
inherently address potentially adverse systems interactions. The corrective
actions resulting from the SEP reviews will help preclude adverse systems
interactions for the operating plants reviewed, in the same way the SRP review
provides protection against systems interactions.

Operating reactor experience is continually monitored to detect precursors to
various event sequences. As such events occur, corrective actions are taken
for all affected facilities. Thus, the performance of a systematic review of
older plants against current requirements and the continuing generic reaction
to isolated events contribute to the prevention of adverse systems interactions
in operating plants.

An additional measure of safety has been taken on all plants (both those
operating and those under licensing review) in the area of operator information.
Specifically, Generic Letter 82-33 (Supplement 1 to NUREG-0737), dated December
17, 1982 provided " Requirements for Emergency Response Capability." As part of
these requirements, utilities will be adding a Safety Parameter Display System
as well as demonstrating the adequacy of their post-accident monitoring
capabilities as outlined in Regulatory Guide 1.97. Both these requirements,
and the other requirements of that letter, will enhance the ability of the
operator to perform mitigating actions in response to events including those
due to adverse systems interactions.

Based on the foregoing discussion, the staff concludes that there is reasonable
assurance that Millstone 1 can be operated before the ultimate resolution of
this generic issue without endangering the health and safety of the public.

Task A-40 Seismic Design Criteria - Short-Term Program

NRC regulations require that nuclear power plant structures, systems, and com-
pcnents important to safety be designed to withstand the effects of natural
phenomena such as earthquakes. Detailed requirements and guidance regarding
the seismic design of nuclear plants are provided in the NRC regulations and in
regulatory guides issued by the Commission. However, there are a number of
plants with construction permits and operating licenses issued before the NRC's
current regulations and regulatory guidance were in place. Task A-40 is, in
effect, a compendium of short-term efforts to upgrade the Standard Review Plan
to reflect the status of current technology and to support reevaluation of
older operating plants.

Seismic reevaluation of the Millstone 1 facility is being conducted as part of
the Systematic Evaluation Program (SEP). The development of site specific
spectra at Millstone 1 was performed under the SEP program. The SEP conducted
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a seismic review using the spectra specified in Regulatory Guide 1.60 with a
peak ground acceleration of 0.2 . The seismic review for Millstone 1 has been9
completed and the results of the staff's evaluation are reported in NUREG-0824.
However, a few open item: were identified and presented in NUREG-0824.
Resolution of these open items is being undertaken and will be reported in a
supplement to the SER.

On the basis of these above consideration, and subject to the satisfactory
resolution of the open items identified in NUREG-0824, the staff concludes that

_

there is reasonable assurance that Millstone I can be operated before ultimate
'

resolution of this generic issue without endangering the health and safety of
the public.

Task A-43 Containment Emergency Sump Reliability

USI A-43 safety concerns deal with post-LOCA conditions which can degrade long
term recirculation capability. For PWRs the containment emergency sump is the
water source for RHR and CSS pumps, for BWRs the torus or wetwell suction
intakes serve a similar function. These safety concerns deal with potential
loss of pump NPSH margin due to: (a) air ingestion to the pumps, and (2)
suction strainer blockage resulting from LOCA generated insulation debris being
transported to the torus and being drawn onto the suction strainers.

These A-43 safety concerns have been investigated in full scale hydraulic
experiments, by plant surveys and through generic studies. The findings have
shown that vortexing and air ingestion are of much lesser concern than
previously hypothesized.

i Full scale experiments of BWR type suction strainers have demonstrated that for
typical submergences and flow rates, the debris strainers act as effective
vortex suppressors and that air ingestion levels are nearly zero (see
NUREG/CR-2772). Thus for Millstone 1, air ingestion in the post LOCA period
does not appear likely if design conditions are maintained.

|

| With respect to debris blockage potential, the blowdown and transport of
| insulation debris to the torus region will be impeded by the plant design and
i layout. The breaks of principle concern are within the drywell. Direct blowdown
| to the torus will be' impeded by baffles at the inlets to the torus downcomers,

followed by transport to the suction strainers which is a function of thei

bulk fluid velocity in the torus, which is generally low. Furthermore, in
i Millstone 1, the insulation employed is a mix of reflective metallic and
i " blanket" type. Due to the elevation of the intakes (relative to the torus
| bottom) metallic debris will not likely be drawn to the intakes.

| The " blanket" insulation debris, ti ;' were fibrous in nature could gradually
transport to the intakes since calcuiatad near field velocities are on the,

order 1 to 4 ft/sec. Debris deposition and increasing head loss due to
accumulation would then take place over a number of hours (f.e., 4 to 6).
Since RHR flow is monitored, detection of the onset flow reduction could be
compensated for by the operators by reducing recirculation flows. This would
be possible since later in the LOCA sequences, the initially high ECCS flow
rates are not required. . Thus operator actions could be ' relied on to mitigate
such a situation.
Millstone 1 SER C-7
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In the event that the resolution of USI A-43 identifies new requirements that
apply to Millstone 1, they will be implemented after the resolution of USI A-43
is completed. Accordingly, the staff concludes that there is reasonable
assurance that Millstone 1 can be operated before ultimate resolution of this
generic issue without endangering the health and safety of the public.

Task A-44 Station Blackout

Electrical power for safety systems at nuclear power plants must be supplied by
at least two redundant and independent divisions. The systems used to remove
decay heat to cool the reactor core following a reactor shutdown are included
among the safety systems that must meet these requirements. Each electrical
division for safety systems includes two offsite alternating current power
connections, a standby emergency diesel generator alternating current power
supply, and direct current sources.

Task A-44 invc'ves a study of whether or not nuclear power plants should be
designed to accommodate a complete loss of all alternating current power, that
is, a loss of both the offsite and the emergency diesel generator alternating
current power supplies. This issue arose because of operating experience
regarding the reliability of alternating current power supplies. There have
been numerous reports of emergency diesel generators failing to start and run
in operating plants during periodic surveillance tests. In addition, a number

of operating plants have experienced a total loss of offsite electrical power,
and more occurrences are expected in the future. In almost every one of these
loss-of-offsite power events, the onsite emergency alternating current power
supplies were available immediately to supply the power needed by vital safety
equipment. However, in some instances, one of the redundant emergency power
supplies has been unavailable. In a few cases there has been a complete loss
of ac power, but during these events, AC power was restored in a short time
without serious consequences.

A loss of offsite power involves a loss of both the preferred and backup
sources of offsite power. If all offsite power were lost, the onsite emergency
AC power system will provide AC power to safety-related equipment. With respect
to emergency onsite AC power, the Millstone 1 emergency generators are powered
by a diesel engine and a gas turbine. These systems have been evaluated as SEP:

| Topic VIII-2 and found acceptable. The staff's evaluation is presented in
Section 4.28 of N' REG-0824.J

1

A loss of all AC power was not a design-basis event for the Millstone 1 ;i

i facility. Nonetheless, a combination of design, operating, and testing |

| requirements has been imposed to ensure that this unit will have substantial
resistance to a loss of all alternating current and that, even if a loss of all
AC power should occur, there is reasonable assurance the core will be cooled.

| The current licensing criteria require licensees to provide redundant emergency
' AC power supplies, to demonstrate emergency AC power supply reliability (R.G.

1.108), and include the capability of removing decay heat using at least one

!
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shutdown cooling train independent of AC power. Boiling water reactors contain
various systems to remove core decay heat following the total loss of AC power.
These systems at Millstone 1 consist of an isolation condenser which will
provide an adequate heat sink for at least several hours. This allows time
for r .storation of AC power from either offsite or onsite sources.

Based on the above considerations, the staff concludes that there is reasonable
assurance that Millstone I can be operated before the ultimate resolution of
this generic issue without endangering the health and safety of the public.

Task A-45 Shutdown Decay Heat Removal Requirements

Following a reactor shutdown, the radioactive decay of fission products con-
tinues to produce heat (decay heat) that must be removed from the primary
system. The principal means for removing this heat in a boiling water reactor
at high pressure is through the steamlines to the turbine condenser. The
condensate is normally returned to the reactor vessel by the feedwater system;
however, the steam turbine-driven reactor core isolation cooling (RCIC) system
is provided to maintain primary system inventory if ac power is not available.
When the system is at low pressure, the decay heat is removed by the residual
heat removal (RHR) systems. Work on this unresolved safety issue will evaluate
the benefit of providing alternate means of decay heat removal that could sub-
stantially increase the plant's capability to handle a broader spectrum of
transients and accidents. The study will consist of a generic system
evaluation and will result in recommendations regarding the desirability of and
possible design requirements for improvements in existing systems or an
alternative decay heat removal method if the improvements or alternative can
significantly reduce the overall risk to the public.

The Millstone I reactor has various methods for the removal of decay heat. As
discussed above, the decay heat is normally rejected to the turbine condenser
and condensate is returned to the vessel by the feedwater system. If the
condenser is not available (for example, because of loss of offsite power),
heat can be removed by means of the safety / relief valves to the suppression
pool. The isolation condenser provides an alternate means of removing heat
and supplying makeup water (i.e. condensate return) to the vessel. The
isolation condenser is operated by natural convection. The single closed
valve in the return condensate line is opened either automatically or manually,
and reactor steain passes through the isolation condenser tubes boiling off
water in the secondary side of the condenser. Makeup water to the secondary
side of the condenser is provided by taking suction from the fire water tanks
or the condensate storage tank. If the isolation condenser is not available,
the high pressure feedwater coolant injection system (FWCI) will provide the
reactor cooling.

If the isolation condenser and feedwater coolant injection are unavailable, the
reactus system pressure can be reduced by the automatic depressurization system
(ADS) so that cooling by the residual heat removal system can be initiated.
When the condenser is not used, the heat rejected to the suppression pool is
subsequently removed by the residual heat removal system. The staff's

Millsto.e 1 SER C-9



evaluation of the Millstone 1 safe shutdown systems is presented in the final
evaluation report on SEP Topic VII-3 " Systems Required for Safe Shutdown "
dated May 1981.

On-the basis of these considerations, the staff concludes that there is
reasonable assurance that Millstone 1 can be operated before the ultimate
resolution of this generic issue without endangering the health and safety of
the public.

Task A-46 Seismic Qualification of Equipment in Operating Plants

The design criteria and methods for the seismic qualification of mechanical and
electrical equipment in nuclear power plants have undergone significant changes
during the course of the commercial nuclear power program. Consequently, the
margins of safety provided in existing equipment to resist seismically induced
loads and perform intended safety functions may vary considerably among plants
licensed in different time frames. The staff has determined that the seismic
qualification of the equipment in operating plants should be reassessed to
ensure the ability of the equipment to perform its design safety functions
during and/or after a seismic event. The objective of USI A-46 is to establish
explicit guideliaes that can be used to judge the adequacy of the seismic
qualification of mechanical and electrical equipment at all operating plants
instead of attempting to backfit current design criteria. This guidance will
concern equipment required to perfonn a safety function, as well as equipment
that is not requi ed to perform a safety function, but whose failure could
result in adverse conditions that might impair the safety functions of other
equipment or systens.

The Systematic Evaluation Program, through the Senior Seismic Review Team,
performed an audit of the Millstone 1 safety-related structures, systems, and

,

components. The results of the audit are provided in NUREG/CR-2024. Most
equipment was found to be capable of withstanding the Millstone 1 safe shutdown
earthquake. In certain areas sufficient documentation was not available,

i Reanalysis and, in some cases, redesign or resupport are being conducted. The
status of these items is provided in NUREG-0824 (February 1983). |

In addition, the anchorage of major equipment was addressed. Experience from
major earthquakes has shown that almost all seismically induced equipment
failures in industrial facilities have occurred because the components were not
adequately anchored to their foundations and that few equipment failures have ,

; occurred in equipment that was anchored. As a result of the review of
electrical equipment anchorage, modifications to upgrade the anchorages of a 1'

Inumber of safety-related electrical components at Millstone I were made.

NNEC has also been a participant in a Seismic Qualification Utility Group
(SQUG) that has completed a pilot program to explore an alternative method for.

seismically qualifying selected nuclear plant components based on experience I

with similar equipment installed in non-nuclear facilities which have undergone I
strong motion earthquakes. Additional work on this program now underway is j

| expected to provide for (1) the developing of qualification methodology for
"
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installed equipment at operating plants, (2) a procedure for the review and
assessment of equipment anchorages and supports and (3) possibly the qualifying
of certain classes of equipment on a generic basis.

On the basis of the above discussion, the staff concludes that Millstone 1 can
be operated before the ultimate resolution of this generic issue without
endangering the health and safety of the public.

Task A-47 Safety Implications of Control Systems

This issue concerns the potential for transients or accidents being made more
severe as a result of control system failures or malfunctions. These failures
or malfunctions may occur independently or as a result of the accident or
transient under consideration. One concern is the potential for a single
failure--such as a loss of a power supply, short circuit, open circuit, or
sensor failure--to cause simultaneous malfunction of several control features.
Such an occurrence could conceivably result in a transient more severe than
those transients analyzed as anticipated operational occurrences. A second
concern is that a postulated accident could cause control system failures that
would make the accident more severe than analyzed. Accidents could conceivably,

cause control system failures by creating a harsh environment in the area of
the control equipment or by physically damaging the control equipment.
Although it is generally believed that such control system failures would not
lead to serious events or result in conditions that safety systems could not

-; safely handle, indepth studies have not been rigorously performed to verify
this belief. The potential for an accident that would affect a particular
control system, and effects of the control system failures, may differ from
plant to plant. Therefore, it is not possible to develop generic answers to
all these concerns; it is possible to develop. generic criteria that can be used
for future plant-specific reviews. The purpose of this Unresolved Safety Issue
task is to verify the adequacy of existing criteria for control systems or
propose additional generic criteria (if necessary) that will be used for
plant-specific review.

The Millstone I safety systems have been designed with the goal of ensuring
that control system failures (either single or multiple) will not prevent
automatic or manual initiation and operation of any safety system equipment
required to trip the plant or to maintain the plant in a safe shutdown condi-
tion following any anticipated operational occurrence or accident. This has
been accomplished by either providing independence between safety- and
nonsafety-grade systems or providing isolating devices between safety- and
nonsafety-grade systems. These devices preclude the propagation of
nonsafety-grade system equipment faults so that operation of the safety-grade
system equipment is not impaired.

Additional studies probing the interaction of safety and nonsafety systems were
performed during Millstone 1 fire protection reviews in response to 10 CFR 50,
Appendix R. . ithin designated fire zones, it was assumed that damage to anyW

equipment (or its control' cables, if affected) could cause failure of any type.
The dedicated shutdown system proposed by NNEC as a result of the fire
protection study will incorporate the required separation of safety and
nonsafety systems.

Millstone 1 SER C-11
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Also, the licensee has been required (NRC Information Notice 79-22) to review
the possibility of consequential control system failures that exacerbate the
effects of high energy line breaks (HELBs) and adopt new operator procedures, ,

where needed, to ensure that the postulated events would be mitigated. NNEC
i performed an evaluation of those potential harsh environment effects. By

letter dated October 5, 1979, NNEC concluded that none of the scenarios
identified in the information notice constituted potential failure modes that
could compromise a safe shutdown of the Millstone 1 plant.,

The staff is also evaluating the qualification program to ensure that equipment
that may be exposed to HELB environments has been adequately qualified cr an
adequate basis has been provided for not qualifying the equipment to the

; limiting hostile environment. The status of this review is contained in the
discussion of USI A-24.

In addition, IE Bulletin 79-27 was issued to the licensee requesting that
evaluations be performed to ensure the adequacy of plant procedures for
acccmplishing shutdown on loss of power to any electrical bus supplying power
for instruments and control. The licensee responded to this IE Bulletin by

,

j letter dated February 29, 1980. The staff reviewed the NNEC submittal and
concluded that the response and design were acceptable.

1

On the basis of these above considerations, the staff concludes that there is
; reasonable assurance that Millstone 1 can be operated before the ultimate

resolution of this generic issue without endangering the health and safety of
the public.

! Task A-48 Hydrogen Control Measures and Effects of Hydrogen Burns on Safety
| Equipment

| Following a loss-of-coolant accident in a light water reactor plant,
combustible gases, principally hydrogen, may accumulate inside the primary
reactor containment as a result of (1) metal-water reaction involving the fuel
element cladding; (2) the radiolytic decomposition of the water in the reactor;'
core and the containment sump; (3) the corrosion of certain construction j

materials by the spray solution; and (4) any synergistic chemical, thermal, and '

; radiolytic effects of postaccident environmental conditions on containment 1

Iprotective coating systems and electric cable insulation.

! Because of the potential for significant hydrogen generation as the result of
an accident, 10 CFR 50.44, " Standards for Combustible Gas Control System in
Light Water Cooled Power Reactors," and GDC 4!, " Containment Atmosphere

,

; Cleanup," in Appendix A to 10 CFR 50, require that systems be provided to
i control hydrogen concentrations in the containment atmosphere following a
i postulated accident to ensure that containment integrity is maintained,
i

! 10 CFR 50.44 requires that the combustible gas control system provided be
' capable of handling the hydrogen generated as a result of degradation of the

emergency core cooling system so that the hydrogen release is five times the
amount calculated in demonstrating compliance with 10 CFR 50.46 or the amount
corresponding to reaction of the cladding to a depth of 0.00023 inch, whichever
is greater.
Millstone 1 SER C-12
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The accident at TMI-2 on March 28, 1979, resulted in hydrogen generation well
in excess of the amounts specified in 10 CFR 50.44. It became apparent to NRC
that specific design measures are needed for handling larger hydrogen releases,
particularly for small, low-pressure containments. As a result, the Commission
determined that a rulemaking proceeding should be undertaken to define the
manner and extent to which hydrogen evolution and other effects of a degraded
core need to be taken into account in plant design. An advance notice of this
rulemaking proceeding on degraded core issues was published in the Federal
Register (45FR65474) on October 2, 1980.

Recognizing that a number of years may be required to complete this rulemaking
proceeding, a set of short-term or interim actions relative to hydrogen control
requirements was developed and implemented. These interim measures were
described in a December 2, 1981 Federal Register (46FR58484) Notice.

The interim measures require an inerted containment atmosphere for BWR Mark I
and II containments. Millstone 1 uses a Mark I containment, which is inerted
with nitrogen gas during power operation in order to preclude hydrogen burn.
Based on the foregoing, the staff concludes that Millstone 1 can be operated
before ultimate resolution of this generic issue without undue risk to the
public health and safety.
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Table C.1 Unresolved Safety Issues (USIs) for which a resolution
has been developed applicable to Millstone 1 addressed
in this report

Task No. NUREG Report and Title SER Section

A-1 NUREG-0927 " Evaluation of Water Hammer 5.2
Occurrence in Nuclear Power Plants"

A-6, A-7 NUREG-0661, " Safety Evaluation Report Mark I 6.2.4
Containment Long-Term Program" A-30

A-9 NUREG-0460, " Anticipated Transients Without 15.
Scram for Light Water Reactors," Vol 4. Final
requirements provided in the ATWS Rule (46FR5721).

A-10 NUREG-0619. "BWR Feedwater Nozzle and Control Rod 1.3
Drive Return Line Nozzle Cracking" 5.7

A-11 NUREG-0744, " Resolution of the Task A-11 Reactor 5.4
Vessel Materials Toughness Safety Issue," Vols I
and II, Revision 1.

A-24 NUREG-0588, " Interim Staff Position on Environmental 8.6
Qualification of Safety-Related Electrical Equipment,"
Revision 1. Final Requirements provided in the Rule
on Environmental Qualification (48FR2729).

A-31 SRP 5.4.7 and BTP 5-1, " Residual Heat Removal 5.6.2
Systems," incorporate requirements of USI A-31.

A-36 NUREG-0612. " Control of Heavy Loads at Nuclear 9.5
Power Plants"

A-42 NUREG-0313, " Technical Report on Material Selection 5.3
and Processing Guidelines for BWR Coolant Pressure A-31
Boundary Piping," Revision 1

i
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INTROD"CTION

The Directorate of Regulatory operations has prepared this report on the

operations of the Millstone Point 1 Nuclear Power Plant for considera-

tion by the Director, Directorate of Licensing, in connection with the

Northeast Nuclear Energy Company's request for a full-term operating

license. The report is based on the results of our inspection progras,

including a review of the licensee's reports; our evaluation of the

operating experience of the plant; the performance of engineered safe-

guards; the adequacy of the operating and emergency proceduren; and the

competence of the operating organization.

CONCLUSION

The results of our overall inspection program show that Millstone Point

Unit 1 has operated safely since initial startup in 1970. The perfor-

mance characteristics of the reactor and other systems important to

safety have been in accordance with design objectives with the exception

of excessive vibrations in the feedwater spargers. Deviations from the

Technical Specifications are indicated in this report. The operating

organization has been generally responsive to Commission updated regu-

lations and recommendations for safe practices. New regulations and

regulatory standards have been promulgated. We will continue to evalu-

ate the licensee's progress in these and the following areas during our

inspection program:

i
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1 Environmental Monitoring (Section VIII).

!
2. Site Emergency Planning (Section IX).

1

I |

| 3. ALAP (Section VII).

I Based on our review and evaluation, as presented herein, we conclude p

:

that the Provisional Operating License can be converted to a Tull-

! Term Operating License with reasonable assurance that the health
i
j and safety of the public will not be endangered, predicated upon
!

[ the licensees attention to Items 1-3 as listed above. )
i

! DISCUSSION
,

!
! The operation of the Northeast Nuclear Energy Company, Millstone Point [

f Unit 1 station has been reviewed on a continuing basis by the Director-

i
; ate of Regulatory Operations since the issuance of the Provisional

}

|
Operating License. This review was accomplished through a total of 42

'
I inspections involving the expenditure of approximately 188 man-days at

the plant site.

i

! In addition to these inspections, we have had frequent informal contact

: r

! with the operating organization and have reviewed the operating reports
i
i and other submissions to the)(LC made by the Northeast Nuclear Energy

Company. The significant results of the inspection program are dis-:

I
cussed and evaluated below:

|
!
, ,

! 11
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1. OPERATING HISTORY

Provisional Operating License No. DPR-21 was issued on October 7,
;

1970. Initial criticality was achieved on October 26, 1970 and

co==ercial power operation was started in ?brch 1971. A chronology

of significant events given in Table I includes each outage since

initial criticality. The number of reactor trips which have

occurred and other pertinent operating statistics are summarized <

below:

No. of Times No. of Reactor % of Tice Thernal

Year Brought Critical Trips * Critical M'a'D /STU,

1970 55 8 11.85 95.92

1971 186 27 70.82 3704.60

1972 8 4 59.01 3229.80-

1973 39 7 53.50 1990.20

(to 12-31-73)
___

TOTAL 288 46 46.80 9020.52

(to 12-31-73

* Unplanned trips from critical status (not manual). The dates and

associated causes of reactor trips are given in Table II.

D-1
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II. UNUSUAL OCCURRENCES

!

This section summarizes the more significant occurrences associated

with the safety of the reactor since startup of the plant.

A. Reactor and Auxiliary Sys.tems

1. On December 23, 1970 during startup testing, the select

rod insert function failed upon initiation. The investi-

gation revealed a wiring error had been made during a

circuit change. The wiring error was corrected and the

system functionally tested to insure system performance.

;

2. On four occasions (12/5/70, 12/10/71, 6/8/72 and 4/5/73)
'

the isolation condenser failed to operate. In each case

the failure of a valve was the cause of the malfunction.
t

.

The cause was determined in each case, repairs made, the

system tested and returned to service and the incident ;

was reported to the AEC.

3. There have been three instances where a main steam isola-
'

!

tion valve (MSIV) either failed to close or was slower

| than TS limits in closing (11/19/70,11/21/70 and 8/29/71).
.

| The difficulty in each case was caused by sticking or
i
j sluggish operation of the main power slide valve due to
|

| . crud build up. The problem was resolved by installin6

i a filter in the air supply line and preventative mainten-

ance on a routine basis.

D-2
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4. The pressure control system malfunctioned 7 times during

1971 after initiation of commercial power operation.

This was the first of the 100% bypass systems by CE and a

number of problems were experienced. On two occasions

the GE large steam turbine test engineers were called on

to completely overhaul and tune the system. By the end

of December 1971, all of the major problems had been

resolved and since that date only minor problems have

been experienced.

5. A setpoint drif t on the automatic pressure relief (APR)

valves (10/10/71) caused a pressure vessel blowdown from

1040 to 263 psig. Thesetpoini'$riftwascausedbya

relaxation of the pilot valve spring. The spring was

designed to operate at 350 F but because of excess lagg-

ing the actuil operating temperature was in excess of

500*F. The lagging was removed and the springs were

replaced with springs made of higher grade material. On

2/9/72 another setpoint drif t was discovered during sur-

veillance testing. No major problems have been experienced

with these valves since that date.

6. On August 29, 1972, one of the two saf ety valves was

found to be leaking 5.6 apw.. The valve was replaced
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with a spare. The valve was then inspected and foreir.n

deposits were found on the pilot valve disc.
,

''

| 7. During the month of February 1972, problems were experi-

enced with the main steam line flow restrictors vibrating.
4

The restrictors were modified to reduce the vibrations

|
and subsequently replaced with a new design.

,

8. A chloride intrusion into the pressure vessel was.experi-

enced on September 1, 1972, through sea water entering

the condensate system when some of the main condenser
j

i tubes failed. The chlorides caused a gross failure of
!
;

LPRM chambers and other damage to the primary system.

The plant was shutdown six months for repa rs, main-

!
tenance and flushing of systems.

i

9. On two occasions (3/21/73 and 9/22/73), a bearing failed
i

', on one of the condensate booster pumps. (The booster
i
i pumps are a part of the feedwater coolant injection
;

system (FWCI)). On May 17, 1974, one pump experienced a,

i

! bearing failure and a second pump a seal failure. On

!

! each occasion that FWCI subsystem was declared inoper-
|

able, the bearings were replaced and the pump functionally'

: i

tested and returned to service.

i

!
:

i
:
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10. Because of stress corrosion cracking during the chloride

intrusion incident of item 8 above, all 145 control

blades were replaced (January, 1973). The new blades

contained a fabrication error consisting of the failure

of CE to provide a specified chamfer at the junction weld

between the CR blade sheath and the CR velocity limiter

casting. Corrective action consisted of machining the

specified chamfer on each control blade assembly at the

Millstone site,

11. During July 1973, Millstone was informed by CE that some

of their new control rods had entire sheaths and/or

individual pins installed upside down. Millstone ran

shutdown margin tests in July, September and December

1973, and found that the existing margin was more than

adequate and that the possible defective blades had as

yet no e'ff ht. Because of the possibility of future

compaction of the boron carbide, Millstone is proposing

to replace all 145 CR's during the su=mer of 1974.

12. During the six month outage starting September 1, 1972,

the feedwater spargers were inspected and found degraded.

The spargers were replaced with a new design and instru-

mented for testing and startup. During startup at
<

greater than 85% of power, vibrations were observed above

.
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|
desirable levels indicating a second failure and the

f
licensee.self imposed a restricted power of 80% of rated.

I The data obtained during the testing is being evaluated by
i

! the General Electric Company to design new spargers which
f will be installed during the summer of 1974.
|

i 13. On June 29, 1973, an examination of the shock suppressors
|
i

showed that either no or insufficient hydraulic fluid was

present in 19 of 44 units installed in the plant. The

suppressors were modified to prevent leakage and refilled.
I
' A surveillance program was set up to insure that the shock
;

suppressors remained operable,
f

1

I 14. On June 24, 1973, CR No. 18-35 was found to be uncoupled

| and repeated attempts proved that the rod could not be re-
!

! coupled. A subsequent change out of the associated rod i
i

i drive unit f ailed to re-establish coupling integrity.

! The rod was fully inserted and electrically disarmed. The
!

rod will be changed out during the next refueling outage

(summer of 1974).

| B. Radiological Controls

I

On four occasions during the last four months of 1971, the

! Naval Reactors Group (Groton), at Groton, Connecticut detected
4

airborne activity at the Electric Boat Company from gaseous

D-6
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effluents from Millstone 1 facility. The range of concentra-

tions were measured to be from 2.5 to 5 x 10-9 uCi/cc. The

range of stack release rate.s at Millstone were from 30,000 to

125,000 uCi/sec and the power level was reduced to maintain a

release rate below 100,000 uCi/sec (TS limit is 800,000 uC1/sec).

A31 leaking fuel .lements were replaced during February 1973,

and the stack release rate has been below 30,000 uCi/see since

that time.

C. Fish Kills

There have been two fish kills at Millstone. The first,

August 1971, was 1" to 2" small fish being caught on the

intake screens for the condenser cooling water. The second ,

May 1972, was 10" to 14" adult menhaden in the discharge

quarry of the site. No cause could be determined for the

first kill but the second was determined to be from thermal

shock caused by the fish entering the warm water in the dis-

charge quarry from the cold water of Long Island Sound. A

permanent barrier was installed at the exit from the quarry so

that fish can no longer enter the quarry.

D. Radiation in Unrestricted Area

Six construction workmen were excavating for foundations for a

main station tranr.former sound isolation vall. Unknown to

D-7
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thc= at the time was the fact that in one of the holen, they

were removing the dirt over a section of the concrete encase 3

1.75 min hold up pipe and the off gas pipe. When it was deter-

mined that the latter was exposed the Health Physics ! Department

was notified. A survey of the concrete encasement ga ve a dose

rate of 200 mr/hr at 2 ft from the surface. The esti: mated
'

dose to the 6 men ranged from 20 to 355 mrem. To pre vent,re-

currence 1) a print was made showing all underground ccenduits

and pipes on a site plot plan, 2) Health Physics will conduct

surveys daily, during the work week, while there is c:onstruction .

1

'

on site, 3) there will be signs posted along the rout e of the

off gas pipe and any other radioactive liquid or gas pipe

stating " Caution Radioactive Pipe Buried. Do not disg without :
,

permission f rom Plant Management", 4) any excavation or digging

on the operating site, shall require PORC approval, !5) Health

.

Physics will be notified immediately if a pipe or coinduit which

|
! is not in the composite drawing, is struck during excavation.

I
;

,

| III. RADIOACTIVE WASTE DISPOSAL

A. Caseous Effluents
i

! I

| Radioactive wastc qases are released through the pilant stack

!

| which provides dilution before dispersion of the r adioactive

material to the atmosphere. During normal operatilon, the
!

!

-D-8
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.

, gaseous radwaste system operates on a continuous basis, with
i

monitoring and control, allowing a hold up time of approxi-4

i.
4 mately 30 minutes to permit radioactive decay. Our inspection
;

; findings are that the gaseous activity releases during the
.

period of the plant's operation have been substantially below,

I

i che applicable AEC license limits as shown by Tabic III.

:

) 3. Liquid Effluents
!

!
4

There are four categories for sources of liquid radwaste with
1

. disposition as follows:

,

t 1. High purity from equipment drains accepts liquids in the
!

j waste collector tank and also'the waste surge tank if
i
4

i needed. Processing consists of filtering and decinera-
i

; lizing. The processed liquid is sampled and returned to
i

the condensate storage tank. I

i

j 2. Low purity liquids from floor drains are routed to the
c.

I floor drain collector tank. These wastes are filtered and
.

j stored. A sample analysis determines the rate at which

3 these wastes are discharged to the effluent canal. The

: discharge activity and flow rates are continuously,

j monitored during discharge.

1

i
!

!

d D-9
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t

3. Chemical waste from laboratory drains are collected in
!

the waste neutralizer tank and concentrated in an evapo-
!

L rator. The distillate is routed to the high purity
,

system for re-use. The concentrate is processed in the ,

low purity system for ultimate discharge.
!

!

! 4. 1Due detergent waste from laundry and decontamination
i

! operations are collected in a tank, filtered and either ,

1
:

routed to the vaste collector tank for recycle or dis-
1

| charged, depending upon the concentration of radio-
1

! activity,
i

i.

I Dur inspection findings are that the liquid activities
i

i
released to the environment since the plant commenced

;

i operation have been substantially below applicable tTC
1 '
.

I license limits as shown by Table III.
4 i
,?

'
.

1

- C. Independent Measurement by Regulatory Operations
,

i

I

Regulatory Operations periodically performs independent
i ~

:measurements of liquid and gaseous radioactive effluents'

1

i released from the Millstone Point facility. Results to date
1

i

I
'

show that their analyses are adequate to identify and measure
]
i

!
radionuclides in liquid and gaseous effluents.

!'
s

i

i

D-10
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IV. ENGINEERED SAFECUARDS

A. Containment

Our inspection findings are that the integrity of the primary

containment was demonstrated successfully during the perfor-

mance of integrated primary containment leak rate testing in

September 1970 and March 1973.

B. Emergency Electrical Power System

Our inspection findings are that the plant's diesel and gas

turbine generators have been surveillance tested as per the

Technical Specifications to verify proper operation of the

emergency power system. Although the gas turbine has failed

to start and accept load in the required 48 seconds, on 11
,

i occasions as a result of a number of equipment failures and

operator errors, which were promptly corrected, an emergency

power supply has been available at 911 times. In June, 1974,

discharge tests had not been conducted within the required tiee

interval. The licensee has applied for a TS change from DL.

C. Emergency Core Cooling System (ECCS)

Our inspection findings are that there have been isolated

problems experienced with the subsystems of the ECCS since
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'

initial plant operation.- The redundancy of subsystems, how->

,

ever, has proven to be adequate as the ECCS has always been

available to meet Technical Specification requirements since'

plant startup. The principal problems that have been experi-

enced are discussed below:
:

1. Monthly tests of the Low Pressure Coolant Injection

i (LPCI) and Core Spray subsystems have been performed to
i

verify their operability. In January 1971, both in-

! jection valves on the LPCI aad both injection valves on
i
i the core spray system failed. All four failures were not

in the same mode, in that three of the valves failed to

: close. No back seat requirements existed with these
!

i valves and .the opening torque owitches were eliminated.

The limit switches in the opening direction were utilized
i

! and the closing switches were reset as the manuf acturer
i

recommended. Since the margin to locked rotor motor
4

I output could be too low, under the new settings, later it
i

'

was decided that the motors on the two LPCI valves were to.'

I

j be replaced. The valves were then successfully tested

i several times and then one of the core spray valves

failed. The cause of this failure was due to the valve;

S stc2 'th. cad and the bushing nut's lack of ' lubrication.
'

This resulted in the replacement of several stems andi

|
nuts that showed signs of wear and the institution of a

|
lubrication program.

1
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Low Pressure Coolant Injection Cross Tie Supports

During a licensee inspotetion of hangers on the core spray

and LPCI suction headers in June 1972, it was. discovered

that one specified pipe restraint had been otnitted and

seven of the eleven pipe supports had subsequently been

shifted by LPCI cross tie line deflection. *Ihe latter

indicated that the 18 inch LPCI cross tie li:ne had been

subjected to horizontal deflections which catused damage

to the pipe. supports. Temporary wood shorin2 supports

were installed to replace the damaged pipe s;upports at

three points along the length of the LPCI cr oss tie line.

The licensee and consultant's evaluation indicated that

the movement which caused the damage probab.~1y occurred

during the early operational phases of the : system while

the stay full line of the LPCI system was ntot in service.

New pipe supports were subsequently fabricaited and installed.

2. The surveillance requirements of the isola: tion condenser

has been met since startup. During Decemb er 1970, the

isolation condenser tripped on high flow aand could not be

reset. The condenser was modified to prevent recurrence.

In December,1971, the inboard condensate- valve f ailed

and in June,1972, the outboard supply valve failed.

These problems were promptly corrected.

D-13
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I

3. The Feedwater Coolant Injection (FWCI) subsystem has
,

been tested at required frequencies since plant opera-

tions commenced to demonstrate the operability of the

system. On two occasions in 1973, the FWCI system was

declared inoperable as a result of bearing failure in a

condensate booster pump. In each case the alternate !

, '
surveillances were performed and the bearings replaced.

,
.

D. High Energy Piping Restraints

e

During a turbine trip test at 50% power on December 9, 1970,
1

the seismic restraint on the main steam line in the turbine i*

! !
? plant failed. This restraint was designed for a seismic load

[ of 3,000 pounds per pipe and additionally was designed to

{
handle the load resulting from normal thermal movement. When

! the turbine stop valve closes a pressure wave is created.at'
,

i I

the valve which subsequently moves back up the steam line |t

i. '

| causing unanticipated dynamic loading of the piping restraints.
!

| At 100% power the associated pressure wave was calculated to
;

be 120 psi. The force imposed on the seismic restraint by

| this effect' was about 30,000 pounds per pipe. The seismic

restraints were redesigned and reinstalled based on a design

value of 60,000 pounds per pipe to provide a 1007, margin.

|
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| Additional restraints were added both upstream and downstream

of the seismic restraint to restrict twisting action. Multiple

! restraints were also added to the 10 main steam bypass lines to :

accomodate the total anticipated dynamic force for two lines

acting simultaneously, plus a 50% margin.

i

j V. SAFETt SYSTEM PERFORMANCE

:

A. Reactor Safety System !

i

Our inspection findings are that performance of the sensors

and associated circuits in the reactor safety system has been

demonstrated in that the system has never failed to initiate

q a reactor trip signal whan a trip condition occurred. The

plant instrumentation monitoring reactor power, system pres-

sure, coolant flow, coolant temperature, vessel' level and

related parameters have been tested and calibrated as required

by- the Technical Specifications. Surveillance testing of the
,

intermediate power range monitor and the reactor level switches
4

trip setpoints were discovered to be out of limits on separate*

occasions; however, these occurrences were' unrelated and did !

i

not inhibit the redundant circuitry from assuring proper

{ plant protection.

!

I

I
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l

About one and a half hours after the chloride intrusion in-

cident of September, 1972, while the reactor was suberitical

and in the process of being cooled down, 116 of 120 LPRM's

failed. During the failurd the source and intermediate range

monitors were operable. The failures were common mode and

intergranular corrosion was present, caused by the high
*

chlorides and low pH water condition. Halfunctions of.the

LPRM's in the manner observed does not constitute a safety

issue, for upon malfunction of specific numbers of detectors

by any mechanism, reactor shutdown will result automatically

due to APRM action.

B. Reactivity Control

Our insp'ection findings are that the rod system has performed

satisfactorily,since initial operation of the plant in that

the rods love always responded to action-initiating signals.

Two dificiencies relating to operation of the control rod

system have been encountered. On one occasion in March, 1973,

two control rods exceeded the Technical Specification limits

for drop times. Subsequently the two drive units were rebuilt

and the inner filter, which is in the water flow path during a

reactor trip was found plugged. In July, 1973, a control rod

drive went to the overtravel position indicating that the'

;
I

! D-16
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rod was uncoupled. Repeated attempts did not recouplo the

rod and it was inserted and electrically disarmed. The. drive
|
'

and the rod will be changed out during the next refueling

outage.

C. Reactor Pressure Relief System

Our inspection findings are that the pressure relief system

has demonstrated its ability to protect the reactor from over-

pressure. During a turbine pressure control syste:a malfunction

in October,1971, a pressure transient caused a remetor trip.

The main steam isolation valves were manually closed and the

resulting pressure increase caused the relief valves to oper-

ate. One of the relief valves stuck open for 18 stinutes,

cuasing a pressure vessel blowdown from 1040 psig to 263 psig.

The pilot valve spring was determined to be the cause and the

springs were replaced with springs of a new desigm in all

valves.

VI. PRIMARY SYSTUI INTECRITY

Our inspection findings are that the leakage from the primary system
I
; has been limited to leakage through valves, valve pac kings and re-

circulating pump seals. These conditions have caused outages for
I
'

maintenance and repairs during the operating history of the plant.

D-17

_ . , , .. __ . - -- _-. -, - - -



-18-

On one occasion during August, 1972, the TS limit of 5 gpm was

exceeded due to a safety valve leaking. The valve was changed out

and the plant restarted. In March, 1974, the TS limit of 2.5 gpm

(reduced value) was exceeded. In this instance inner packing on a

recirculation system equalizer valve was leaking. The valve leak

off was closed, the valve inspected at rated pressure and the plant

restarted.

No significant problems affecting the integrity of the primary

system have been encountered to date. Requirements for inservice

inspection of the primary system boundary are established and the

program is formulated. A part of the program was conducted during

the 1972 refueling outage.

Methods of criteria for determining prLaary system leakage and

procedures for responding to detected and suspected leakage have

been implemented. The methods available to detect leakage include

containment sump monitors and containment su=p, sump pump flow

integrators. In addition, drywell pressure, temperature and
'

radioactivity measurements are also used as indicators of primary
:

system leaks.

!

I
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VII. RADIATION PROTECTION PROGRAM

A. Area Radiation & Airborne Radioactivity Monitoring

Instrumentation

Thirty Area Radiation Monitors (ARM) are maintained. Loca-

tions and set points are identified in the Radiation Pro-

tection Procedures. Calibration is scheduled effective 1974

at 6 month intervals.
,

Continuous Air Monitors for particulates (CAM) are provided at

3 locations: outride the Control Room with suction on the

Turbine Building deck, radwaste control room and second floor

i
reactor building. These are supplemented by 2 low volume and

3 hi-vol air samplers which are used to evaluate particulate

and radioiodine activity. The licensee, in a recent inspec-
|

! tion, committed to a review of the airborne radioactivity

monitoring program using ICRP Report 12. " General Principles

of Monitoring for Radiation Protection of Workers", and ANSI

N13.1, " Guide to Sampling Airborne Radioactive Materials in

Nuclear. Facilities" as reference documents.
t

Effluent monitors are provided as follows: 2 Na1 detectors

monitoring measured volumes of stack ef fluent; 1 NaI detector

on the side of the discharge line from the waste sample tanks

|
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to the canal, and 1 Na1 detector on the side of the service

water discharge line to the canal.

Laboratory instrumentation for Health Physics consists of 2

CPM High Voltage Supply and scaler systems, (2 additional on

[
order), 1 3" x 3" NaI detector and 1024 channel gamma analyzer,

1 60 cc GeLi detector and 4096 channel gamma analyzer and one

wel.1 counter, high voltage supply and scaler.

Survey instru=enthtion consists of approximately 12 ion

chamber type survey meters, 17 GM survey neters, 2 alpha

meters, 12 " friskers", 4 portal monitors, and 1 neutron survey

meter. Calibrations are scheduled, effective 1974, for 6

month intervals.

Instrumentation appear to be of types and quantity to enable

adequate evcluation of radiological conditions m1 countered.

B. General Health Physfes Onerations and ALAP

4

1. Organization and Staffing

'
The Unit I nnd 2 Health Physics Programs are directed by

the Health Physicist. HP staff is available to both
;

units. Separate Chemistry staffs (and supervisors) are,

maintained for Units 1 and 2. Health Physics reports to

|

I
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the Chemistry and HP Supervisor, and who in turn, reports

to the Service Group Supervisor who reports to the Site

Superintendent. Currently, 6 HP technicians are on

board. Qualifications of supervising personnel appear to

meet the ANSI N18.1-1971 Standard for Selection and

i Training for Nuclear Power Plant criteria.

2. Procedures

Radiation Protection Procedures have been under continual

revision. The last revisions were approved by PORC April

2, 1974. ALAP is identified as an individual's responsi-

bility but is not clearly identified in the policy state-

ment which references Regulatory limits: (dated April 6,

; 1974): "It is the policy of the company to minimize
'

personnel radiation exposure and always stay within the

,

AEC and State regulations".

The first part of the RP procedures are general in nature

and as a group are provided to employees as the radiation

protection manual. The procedures require the use of

KWP's to provide radiation safety where significant
|

exposure is possible. Conditions requiring an RWP are

specified. " Blanket" RWP's may be issued for routine |
l
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work by Operators, HP, Chemistry and for supervisory

personnel inspections. A recent inspection revealed that

the licensee failed to terminate an RWP following a

change in radiological conditions as required by the

Procedures. This inspection also revealed failures to

follow procedural requirements for investigating a

suspected exposure to airborne radioactivity incident and

to restrict personnel whose exposures were unevaluated

from possible additional exposure. It was also noted

that the procedures, which require a report on an expo-

sure incident be written, do not specify to whom it goes

and what use is to be made of it. Instances were noted

where procedures call for certain actions to be taken but

do not identify.. individuals who are responsible for

assuring they are carried out.

3. Personnel Monitoring

External doses are monitored thru monthly film badges and

self reading dosimeters. TLD's have been used on certain

occasions to supplement this equipm<nt to enable day-by-

day monitoring of dose.
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Internal exposure to radioactive material is monitored

thru annual whole body counts of station persionnel

|

| supplemented by more frequent counts as circuanst.ances
|

merit, e.g. , a suspected exposure and fecal smd urine

analyses, as appropriate.

t

4. ALAP
i

The licensee does not strongly identify ALAP aas a policy.

'

There are no administrative limits on radiati on exposure

more restricti se than those identified in 10 CFR 20 ex-

cept there exists a limitation of 300 m Rem f.or weekly
1

i
: exposure. The licensee does not evaluate man -rem doses.

!

except .as a result of compliance. with T/S regtuirements

and 10 CFR 20.407(b).

C. Plant Cleanliness

Two recent inspections of the radwaste building byr dif ferent
!

| inspc etors resulted in adverse findings regarding housekeeping
l

practices. Construction activities, partly associiated with

Unit 2 activities, and partly attributed to Unit it backfitting

work and which involve contractor personnel have theen identi-
I

fied as causes of poor housekeeping by the licensene. This

subject is an unresolved item. Licensee representratives
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I

stated positive efforts which include personal inspections by

the Site Superintendent are being made to improve housekeeping.
.

! D. Training
i

The HP staff indoctrinates all employees, company and non-

company, in radiation protection, including 10 CFR 19. L'esson

plans have been formulated. Retraining is currently being

implemented in conjunction with the training requirements for

Unit 2. The respiratory protection training program is con-

sistent with T/S requirements and ANSI Z88.2 " Practices for
'

Respirntory Protection" except that a recent inspection found
i

that there are no provisions for testing the fit of respira-

f tory protection facepieces under realistic test conditions, a

4

| procedural requirement. Also, although nasal surveys are
,

I - reported to be performed on personnel following the use of

|
: respiratory protection equipment, a requirement for this

practice.is not documented.

( VIII. ENVIRONMENTAL MONITORING PROGRAM

A. General

!

! A. detailed inspection of the facility's Environmental Monitor-
|-

|
ing Program was made in April 1973. The inspeccion revealed

_
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four items of violation against the present Technical Specifi-

cations. In addition, the inspection identified several areas

where improvements and changes were needed to satisfy current

criteria for environmental monitoring as specified in Regula-

toryGuides4.1and1.4[2. These recommendations have been

forwarded to DL for review and incorporation into updated

Technical Specifications, as appropriate. Millstone Point's

non-radiological program, including such items as Thermal

Plume Studies, Chlorination and other Water Quality Measure-

ments, was reviewed in this inspection as well as all areas

pertaining to the radiological program. The inspector veri-

fied that action was being taken and that overall upgraded

envircnmental programs were scheduled for implementation in

the near future.

IX. EMERCENCY PLANNING

An in-depth inspection of the facility's emergency planning was

conducted in April,1973. Criteria of Appendix E to 10 CFR 50,

were considered to have been met, but the inspection indicated that

emergency planning could be significantly upgraded in the areas of

detailed implementation procedures, alternate control centers, and

in particular arrangements with State agencies. (Questions have

been raised with respect to the ability of the State of Connecticut
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to ef fect an adequate emergency response to an incident at the

Millstone site). The facility's plant management anticipates

completion of this upgrading prior to issuance of the full term

operating license for Millstone Unit No. 2. Personnel training in

revised procedures and a full scale drill are planned in conjunction

with this action.

X. NONCOMPLIANCE ITEMS

The plant has been operated in accordance with the requirements of

the facility license and the rules and regulations of the Com-

mission except for the following instances of noncompliance:

1. Surveillance Test Number 608.8 which vas performed on November

4, 1970, shosed that the measured closing times of the cleanup

demineralizer systen valves 1-CU-2 and 1-CU-5 were 18.1 seconds

and 19.0 seconus, respectively. Table 3.7.1 of the Technical

Specifications requires that the closing times for these

valves be <18 seconds. This failure to meet T.S. limits was

not reported in accordance with the requirements as specified

in Section 6.6.A.1 and 6.6.B.1 of the Technical Specifications.

2. The 0800 hour to 1600 hour shift on November 27, 1970, failed

to check the status, in the control room, of the pressure and

level alarms for each accumulator as required by Section 4.3.D

of the Technical Specifications.

i
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e

i
3. On Deccaber 2, 1970, the reactor operators failed to follow

! |
'

station emergency procedures and trip the turbine following a
,

! reactor scram caused by too rapid a release of a bypass button
i

during the performance of a setpoint adjustment on the pro-

portional band of the "B" recirculation pump.;

11

4

i 4. On December 8, 1970, the cleanup demineralizer isolation valve

j (1-CU-28) could not be reopened, following system isolation,

j because of a galled driving nut on the valve drive mechanism.
!

j The reactor was shutdown on December 9, 1970, and the valve
i

j drive mechanism was replaced. This failure of the cleanup ji

system isolation valve was not reported in accordance with the
.

4 -

j requirements as specified in Sections 6.6. A.1 and 6.6.B.1 of '

i

| the Technical Specifications.
4

i

j 5. Contrary to the requirements, as specified in 10 CFR 50.59, no

written documentation was available when facility records were

{ audited on January 20, 1971, to substantiate the basis for the

determination that the modification made to the Millstone 1,

sur.iliary power fast transfer system did not involve an un-

reviewed safety question.
i
:
''

6. On January 10, 1971, with the reactor operating at rated pres-
i

; sure.and 100% of rated power, the simultaneous full closure of

all main steam isolation valves was initiated to test the re-

actor transient behavior under these circumstances. During

D-27

. _. . , , _ . _ . , , _ _ . _ _ . _ _ _ _ , _ . . . _ _ , - ._. _ _ . . _ - _ . _. ._.



-28-

this test, an apparent malfunction of the feedwater valve
1

controls caused the reactor vessel water level to 1:ncrease to

approximately 20 inches below the main steam line niozzles and

subsequently precsurize the reactor vessel until tw<o main

steam relief valves opened. This apparent failure cof the

feedwater valve controls was not reported in accord ance with

the requirements as specified in Sections 6.6. A.1 amd 6.6.B.1

i of the Technical Specifications.

7. The licensee failed to comply with applicable Techntical

Specifications and establish a cold shutdown condit. ion within

24 hours when test data for the emergency service wrater pumps

did not indicate the required flow-head requirement s were

being met.

8. T.S. 6.1.1. f. (2) - The Nuclear Review Board (NRB) flailed to

report in writing to the President of the Millstoner Point

Company the results and recommendations relating tc) their

September, 1971 audit.

9. On August 7,1971, the rod worth minimizer was disabled and

placed in bypass. While bringing the reactor crit ical in Rod.

Group 6 Sequence B-1, Rod 50-23 was notched out t o Notch 20.

Sequence B-1 limits Rod 50-23 to tiotch 12 while itu Rod Group 6

per Technical Specification 3 3.B.3.b.

!
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10. The plant Operating Review Committee (PORC) failed to investi-

gate AO-71-23 and recommend corrective action in writing to

the Chairman of the Nuclear Review Board (NRB) per T.S.

6.1.1.d. (5).

11. The NRB f ailed to investigate AD-23 per TS 6.1.1.d. (5).
,

12. Contrary to the requirements of Paragraph 4.5.B.2 of the Tech-

nical Specifications, when an ESW pump was determined to be

inoperable on October 25, 1970, November 4, 1970, and May 20,

1971, the remaining pumps in the containment cooling subsystem

were not demonstrated to be operable immediately and the re-
,

t maining ESW putps were not demonstrated to be operable daily

thereafter,

i

13. Contrary to the requirements of Paragraph 4.5.F.3 of the Tech-

nical Specifications, the gas turbine generator had been in-
:

operable from 1735 hours to 1937 hours on November 30, 1971,!

but action was not taken to demonstrate operability of re-

quired equipment.

14. Contrary to the requirements of Paragraph 6.1.E.1.a of the

Technical Specifications, the members of the Nuclear Reviev
.

Board did not collectively provide expertise in metallurgy.

.
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15 Contrary to the requirements of Paragraph 6.1.E.1.c of the.

Technical Specifications, a quorum of the NRS was not present

f or meeting No. 71-3.

16. Contrary to the requirements of Paragraph 6.1.E.1.d(2) of the

Technical Specifications, no audit of station operations was

made by the NRB during the period October 7,1970, to Sep-

tember, 1971.

17. Contrary to the requirements of Paragraph 6.1.E.1.d(3) of the

Technical Specifications the NR3 did not make an adequate

review of design change 13-72.
,

18. Contrary to the requirements of Paragraph 6.1.E.1.f(3) of the

Technical Specifications, during NRB meeting No. 72-5, a TS

i
violation was not reviewed specifically to recommend actions

to prevent recurrences.

19 Contrary to the requirements of Paragraph 6.1.E.1.g of the

Technical Specifications, the NRS did not have written ad-

ministrative procedures for its operations.
,

;

! 20. Contrary to the requirements of Paragraph 6.1.E.2.d(7) of the

Technical Specifications, the Plant Operations Review Co:mittee
;

f (PORC) did not have a systematic approach for the review of

plant operations.

|
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21. Contrary to the requirements of-Paragraph 6.2 of the Technical

Specifications, several deficienefes in the development,

review, approval and implementation of procedures were noted.
r

I 22. Contrary to the requirements of Paragraph 6.3 of the Technical

Specifications, required actions were not taken when Limiting
i

Safety System Settings were exceeded on March 3,1971; thy 12,

1971; May 15, 1971; October 12, 1971; April 9, 1972; April'19,

; 1972; May 12, 1972; and June 16, 1972.

23. Contrary to the requirements of 10 CFR 50.59, there was no

written safety evaluation for the design modification which

added a two-inch connection to the plant air system so that

j portable air compressors could be connected during periods of

| high air consumption.
!

24. Contrary to the rsquirements of Appendix B to 10 CFR 50,

Criterion V, several surveillance test procedures do not have

adequate acceptance criteria.

25. Contrary to the requirements of Appendix B to 10 CFR 50,

( Criterion XII, no program for calibrating installed instru-

, ments had been established.
:

i
~

26. Contrary to the requirements of Appendix B to 10 CFR 50,
!

| Criterion XV11, test results were not. fully recorded for Test

Numbers 602.8 and 602.22.

i

D-31

,

___m____ ___ __ . . _ . _ _ _ _ . - _ _ _ _ . _ _ . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___.-_ - _ _ _ _ _ _ _ _ _ _ _ ___.__m_..___ ___.____.__m_mm



. _ _ .

-32-

27. The licensee operated the reactor with both conductivity and

chlorides in excess of Technical Specification requirements.

28. The Plant Operations Review Committee (PORC) meeting minutes

(up to October 3, 1972) failed to record that a prompt review
,

was made of the abnormal occurrence of the chloride intrusion

into the react.,r on September 1, 1972.

29. There were no detailed and approved flush procedures, accep-

tance criteria for flushes or flush program found on October

27, 1972, to provide assurance that the systems were free of
:

chloride contaminated we.ter.

30. On October 17, 1972, there was no overall documented and

approved licensee program and detail procedures to assure the

quality, conduct, and implementation of the chloride intrusion

incident investigatibn.

;

31. The licensee did not perform certain activities directly re-'

lated to the reliability of critical non-destructive test

.

results, in violation of Criterion V, Appendix B, of 10 CFR

50.

.32. A non-destructive test was performed without evidence of

review'and. approval by authorized personnel in violation of

Criterion VI. Appendix B, 10 CFR 50.
i

!

|

f
\
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33. The NRB f ailed to audit station operations as required by

Technical Specifications (since April 12, 1972).

34. The NRB f ailed to investigate abnormal occurrence No. 72-15 as

required by Technical Specifications.

35. The PORC approved and placed in use a revised survei:.llance

procedure without proper review.

36. Records of periodic surveillance checks indicate ins:tances

during 1972, when protective switches tripped out 'of ranges

stated by the Technical Specifications.

37. Records. of periodic surveillance checks indicated th,at on July

13, 1972, three of the four reactor vessel high pres sure pro-

tective switches apparently tripped at 2 to 11 psig .above the

1085 psig maximum limit stated by the Technical Spec:ifications.

38. Records of surveillance test during refueling indica.ted that 3
|

| protective switches and 3 time delay follower relays tripped

outside of the range specified in the Technical Specifications.

|
| 39. Records of periodic surveillance checks indicated pao in-
|

stances during 1972 when one or more of the high flow pro-
s

tective switches f or the reactor isolation condenser apparently

tripped outside the range specified in the Technical Specifi-i

| cations.

!

!
I
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40. Records of periodic surveillance checks indicated that on July

19, 1972, three time delay relays in the average power range

I monitor system logic circuitry apparently tripped later than

specified by the Technical Specifications.

41. Records indicate that periodic checking of the pressure
,

suppression chamber reactor building vacuum breakers was not

performed up to November 21, 1972, although the Technical

Specifications require quarterly checks.

42. Records indicate that the radiation limits given by 10 CFR 20.

! 105 for unrestricted areas apparently were exceeded during

March 15-21, and again on July 24, 1972, when pipes that.
;

I conduct radioactive gas to the exhaust stack were uncovered.

|

43. Records indicate that on August 29 and 31, 1972, an unidenti-

|
fied reactor primary coolant leakage apparently exceeded the

T.S. limit of 5 spm.

|

| 44. Accumulator plating failures were not reported as required by

Technical Specification 6. 6. A.l.
,

|

|

45. Contrary to Appendix B of 10 CFR 50, 145 control elements were

purchased, installed, and used in the reactor and subsequently

found upon inspection to be nonconforming and to require re-
|

work.
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46. Certain detail requirements of 10 CFR 50, Appendix B, have

been omitted from the quality assurance program for the

operation phase.

47. Contrary to Technical Specification 4.3.C.3. , the Automatic

Pressure Relief Subsystem was not demonsgrated to be operable

immediately af ter the Feedwater Coolant Injection Supsystem

was declared inoperable.

48. Contrary to Paragraph V.4.3 of Appendix H (Chloride Intrusion

Incident), a summary of the weekly overall Control Rod Drive

System review was not being maintained.

49. The Environmental Monitoring Program was not conducted as de-

scribed in Section 4.8 of the Technical Specifications, as
follows:

Air Particulate sampling was not conducted continuouslya.

from 11 locations,

b. . Well water was not sampled from one of three locations as

of January, 1972.

JNo milk samples were obtained for the first half of-1972.c.

d. Bottom sediment was not sampled within 500 feet of the

discharge for the first and third quarters of both 1971

and 1972.
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50. Violations of the requirements of Criteria I, II, III, IV, V,

VI, IX, X, XV, XVI, and XVIII of Appendix B were identified

during a QC/QA inspection.

51. Violations of the requirements of Criteria V and VI were

identified with regard to the Feedwater Sparger Installatien

. Procedure for Weld Pod Build-up and associated work itens.

No documentary evidence in the site centractor's QC recor'ds to52.

assure that the maximum allowable amperage specified by ISE-

WS-817 was not exceeded.

:53. The Re tor Vessel Clean-Up Procedure as issued, revietted, and

approved did not require QC verification that activities had

been satisfactorily completed.

54. Contrary.to 10 CFR.50.59, a plant design change was completed

in March, 1971, which was subsequently determined to con-

stitute an unreviewed safety question.

55. Contrary to Technical Specification 4.9.B.2.b. the-quarterly

surveillance requirement was not performed on the station

battery in June, 1973.

56. Contrary to Technical Specification 4.9.B.2.s. the tempera-

tures of all adjacent cells to the pilot ec11s were not

-measured between January 1 and. March 12, 1973.
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!

57. The Nuclear Review Board had reviewed only 35 of 131 minuten

of the Plant Operating Review Committee for the year 1973.

58. Contrary to Technical Specification 6.4.B failures to maintain

and adhere to radiation protection procedures were identified

as follows:

Three (3) employees failed to notify all person" toa.

vacate an area involving a spill of radioactivity and the

presence of airborne activity.

b. Two (2) individuals exposed to a!* borne radioactivity on
!

March 25, 1974, were not restricted in their work assign-

ments until their exposures were evaluated.

' A Shift Supervisor did not terminate the applicable RWPc.

following the airborne radioactivity problem on March 25,

1974, and a determination by Health Physics that condi-

tions had changed.

d. An investigating coLmittee had not conducted an official

investigation of the March 25, 1974 incident.

e. Potential users of respirators did not test facepiece fit

under realistic test conditions.
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Cont'KgrytoT.S.6.4.B.2.fprotectionfactorsinexcessof59.

those spqcified were assigned to respiratory protection

equipment.

60. Contrary to T.S. 3.6.D unidentified leakage limits in excess

of 2.5 gpm were exceeded.

61. Contrary to T.S. 4.9.B.c battery testing was not con. ducted at

the required frequency.

62. Contrary to T.S. 3.6. A.1 the average rate of reactor coolant

change exceeded 100 during a reactor cooldown.

XZ. OPERATING ORGANIZATION

The basic organization structure for the plant is shown in Figure

1, attached. There have been a number of changes in personnel due

to Millstone's program for training and upgrading of middle manage-

ment e=ployees. Certain site management personnel have been trans-

f erred to Units 2 and 3's staf f but are still used to aid the Unit
1

1 staff as necessary. On May 16, 1973, the present operating |
1

organization was established to begin staffing of Units 2 and 3.

The plant superintendent is the same person for all three units

with an assistant plant superintendent for each unit.

|
|

I

I
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The Safety Committees have generally functioned as required by the

Technical Specifications, however, during the early monihs of

operation, it appeared that several operating events had not re-
4

I ceived the full attention of management. As a result of AEC dis-
4

cussions with Utility Management and related formal correspondence,

audits were begun and both committees begin to function more formally.-
4

The personnel comprising the reactor operating organization and

supporting staff have the experience and training needed to satisfy

! the Technical Specifications.

Records of plant operations are being maintained in accordance with

ad=inistrative orders and the requirements of the Tc:hnical Speci-

fications.

!

; The Millstone plant staff has generally demonstrated itself to be
t

competent to operate the plant in a safe manner.
,

:
(

'

X11. PHYSICAL PROTECTION PROGRAM

!

The revised physical protection plan was submitted June 29, 1973.,

This plan was . accepted by DOL by letter dated May 24, 1974, upon;

full implementation of all requirements by June 15, 1974. Regula-

tory Operations inspection of plan implementation is imminent.

1
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TMILI: I

CllRONOLOGY OF OPl: RATIO::

October 7, 1970 Corc loading bcgan

October 17, 1970, Core loading completed

October 26, 1970 Initial criticality achieved

October 27 - November 8, 1970 Outage for repairs to gas turbine
and cleanup system (AO-70-3)

October 30, 1970 Zero power test progran co::pleted

November 16, 1970 Outage for repairs to cleanup
systes

Novc=ber 22 - November 25, 1970 Outage for turbine balance and
training

'
December 6, 1970 25% power test program cocpleted

N
'becc=Ler 8, 1970 Outage to repair cleanup.systen

~

valve to reactor (AO-70-4)u s
s s

December 23, 1970 Outage to repair weld or main
condenser

s

December 27, 1970 50% power test progra: completed

December 29, 1970 Outage to repair bypass valve

.s linkage
s

January 1, 1971 75% power test program completed

January 2, 1971 Outage due ta hich. level in
drain tank

January 3, 1971 100% power test progran complet.ed

January 14, 1971 Outage to repair condenser Icak.

January 17, 1971 Outane to conduct overspeed tr$p
tests of the turbine
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'#fy 25. 1971 Outage to offcet repair of Core
Spray injection Valves and to
reset turbine over-speed trips
(AO- 71-2)

January 27, 1971 Outage to repair traveling screen
; and circulating water pump
!

January 30 and 31,1971 Outage while conducting hot AEC,

demonstration criticals

February 19, 1971 . Outage to conduct SUT No. 17,
Generator load reject from 100!;
power

March, 1971 Commercial operation begun

March 2, 1971 Outage to repair leak on nain
steam line safety valve blank
flange

March 12, 1971 Outage due to high level in
moisture separator drain tank

April 9, 1971 Outage for planned maintenance

April 14,1971 Outage to repair connutator rings
and brushes on recire M-G Sets-

A and D
i

April 22, 1971 Outage due to high level in
moisture separator drain tank

Hay 1, 1971 Outage to effect repair of a
condensate test line

May 12,1971 Outage to repair an air leak.

in the drywell

May 30, 1971 Outage to repair steam Icak at a
flange on the main secom line

June 5, 1971 butage for general maintenance
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, II, 1971 Outage due to high icvel In
moisture separator drain tanh

June 24, 1971 Outage due to turbine full load
rej ect

August 30, 1971 Outage to repair traveling screen

September 22, 1971 Outage to investigate problem
with emergency service water
pumps (AO-71-17)

October 3, 1971 Outage to repair turbine control
valve

October 20-22, 1971 Outage for training criticals

October 22, 1971 Outage due to failure of "B"
APR to Seat

October 24, 1971 Outage due to "B" APR bellows
leak

December 11, 1971 Outt-ge to work on Isolation
ConJenser inboard return isolation
valve (AO-71-26)

February 11, 1972 Outage to repair leaky main stean
line blank flange gaskets in the |

|drywell
|

February 14, 1972 Outage to investigate improper
response of main steam line
Venturi'dp cells (AO-72-1)

l

I
February 23, 1972 Outage to repair main steam line

Venturi (AO-72-8)

August 29, 1972 Outage due to excess leakage to
drywell floor drain sump (AO-72-21)

September 1, 1972 to Outage for ref ueling
March 8, 1973

,
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1973 Outage due to high lievel in
'" ,, 9 , moisture separator

ttarch 10, 1973 Outage due to excess;ive turbine
vibration

March 11, 1973 Datage to repair Mai;n Set en
Isolation Valve

| March 13, 1973 Outage to investigat.c reactor

| recire pump oil leve:1 alarm
:

March 19, 1973 Outage to investigat:e reactor
recirc pump lube oin alarm

April 18, 1973 Outage for reactor wessel inspec-
tion requirements asi a result of
chloride intrusion iincident

April 18, 1973 to Outage for reactor wessel in-
July 13, 1973 spection requiremen:ts as a

result of chloride intrusion
incident and feedwa:ter sparger

'

replacement

July 16,1973 Outage due to inver:ted poison
pins in the control rods

; August 10, 1973 Outage due to instr ument defect

| (reactor water leve:1)

August 13, 1973 Outage for maintenance on
reactor water leve:L instrucents

| September 14, 1973 Outage to inspect thydraulic |
L shock absorbers anid conduct |

shutdown margin tersts . )
1

October 6, 1973 Planned shutdown t:o test recirc I,

|' pump motor and ins:pect shock
| absorbers

i

i
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October 27, 1973 Planned shutdown to run
recirc loop i c: t

November 23. 1973 Planned shutdown to innpect
shock absorbers

December 21, 1973 Outage to replace a recirc
pump r_otor and shutdom
gargin tests

|

|

1

1

1

|

f
|

,

|

D-44 |

t
._ - _

,



i
i

;

, TABLE II

REACTOR SCRAMS
>

October 27, 1970 Reactor trip (AO-70-3)
|

November 19, 1970 Reactor trip due to inadvertent
4

closure of main steam isolation
.

valvec,

November 21, 1970 Reacter trip due to inadvertent.

closure of main steam isolation
valves

i December 2, 1970 Reactor trip during Startup
Test (SUT) No. 15, recire flow
changes

December 3, 1970 Reactor trip during SUT No. 12,
main steam isolation valve clo. cure

i December 4, 1970 Reactor trip during SUT No. 29,
turbine trip with a total loss
of off-site pouer

December 5. T970 Reactor trip due to spurious
low level

i

December 9, 1970i

Reactor trip during SUT No.16,
turbine trip at 50% power

j January 10, 1971
' Reactor trip during SUT No. 12,

Hain Steam Isolation Valve closure
j from 100" pouer

.
4

January 15, 1971 Reactor trip during SUT No.17,
. - generator load reject f rom 100%

power

January 19,197) Reactor trip when ECCS Motor
Operated valves failed to operate
during test (AO-71-1)

February 2, 1971 ' Reactor trip due to spurious low
reactor water icvel trip

1
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Reacter trip during SUT Ku. 17,,

Fchruary 14, 1971
100% Turbine Cencrator Lead Re-
ject Gianual trip)

Rdoctor trip due to a turbine tripFebruary 15, 1971 on high 1cyc1 in a moisture separa-
ter drain tank

Reactor trip during SUT No.16,February 16, 1971 Turbine trip from 100% power

Reactor trip during SUT No. 17,February 18, 1971 generator load reject fron 100:,
pouer

Reactor trip due to a turbine tripFebruary 21, 1971
(AO-71-5) _

'

Reactor trip while testing turbine2

}krch 23,1971
control valve, due to pressure

transient that resulted in flux
perturbation (AO-71-6)

Reactor trip due to spurious lowApril 19, 1971
reactor water level trip'

April 19, 1971 Reactor trip due to a main steam:
'

line sensing line leak

Reactor trip on high level in a
i April 21, 1971 moisture separator drain tank
f
| Reactor trip due to control valveMay 25, 1971

malfunctiva which caused a low
reactor water level (AO-71-11)

Reactor trip due to failed shutMay 27, 1971 turbine control valves resulting
| in high flux (AO-71-12)

Reactor trip (manu'al) due to fullJune 25, 1973 load reject ,and turbine trip re-i

| sult ng in losc of normal power
|

Reactor trip due to spurious IllMJune 26,1971 trip while pulling a critien1
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Aucunt 6, 1971 Reacter trip due to coperator error
during normal plant s;hutdown

August 12, 1971 Reacter trip due to as high lev.-l
in a coisture separat or drain tank

August 28, 1971 Recctor trip due to Esilure of
traveling screens anni consequent
loss of cire water pu3mps

August 30, 1971 Reacter trip due to nasin condenser
low vacuum

Septe=ber 23, 1971 Reactor trip on low pressure due
to operator error (IAO-71-18)

.

September 29, 1971 Reactor trip due to a malfunction
in the turbine prestsure control
syster (AO-71-19)

October 10, 1973 Reactor trip due tc) a high-flux
condition as a reseilt cf a severe
turbine control va2ve transient
(AO-71-20)

December 11, 1971 Rea: tor trip due to an inst rur.cn-

tation error on ma:in secam line
flow detectors

December 11, 1973 Reactor trip due tto inadvertent

make-up of the 600) psi reactor
pressure switches

December 12, 1971 Reactor trip while recalibrating
the 600 psi reacter pressure
switches,

Deceraber 20, 1971 Reactor trip duc to clectric
pressure reguiste>r is!!ure

(AO-71-27):

Fehrinry 4, 1972 Reactor trip duc 'to high flux
cau.4cd by Induce d pressure
oscillations reniulting frem
turbine stop vahve testing (AO-72-2)

,
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,

, 1972 Reactor trip while testinn thru:.:
bearint,vcar detector whici.. in-
duced a turbine trJp

March'12, 1972 Rec tor trip de to a lou level
in reactor vecsc1

August 13, 1972 Reactor trip on turbine trip
during testing of thrust bearint,
wear detcetor

September 1, 1972 Reactor trip (manual) when survey
of cool,nt chemistry indicated

>

excessive values (AO-72-22-)

March'6, 1973 Reactor-trip due to low reactor

water level

; March 14,-1973 Reactor trip due to low reactor
water level

July 30, 1973 Fault in reactor water level
transmitter

August 10, 1973 Fault in reac".:: water Icycl

transmitter

August 10, 1973 liigh reactor water level d6e
to operator error.

August 15,.1973 Trip caused by fault in mode
switch

:
|

| September 21, 1973 Fault in EPR/MPR caused
Croup I isolation

;

!
December 7, 1973 Reactor water level instrucent 1'

,

| rack burped
|

(Total of 49 - trips,- 3 of which were manual) . 1

,

! l

,

! |

|
,

'
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RATIIOACTIVE lil:L1:ASr.S

,,g ni:7.I'.AsnS 1970 1971 1972 1973
i f

gea2 Noble Cases (C1) 4.1x102 2.76x105 7.92x105 7.8 5:10''
,

Total Halogens (Ci) 3.2x10-10 3,94x;oo 0 1.54x10-11.233x10

Total Particulate (C1) (MDA 5.$7x10-2 5.57x10-2 4,1c31n-2

0 0Total Tritium (C1) 3.209x100 p.21x10 1.69x10-

i

1 Max Noble Gas Release

Rate (pC1/sec) 6.0x103 4.45x105 3.75x105 8.45x10'
i

Percent of Limit (%)

a) Noble Gases 1.6x10-3 3.48x1G-1 2.37x10 4.53x1000

b) Halogenn 1.5x10-8 3.92x100 1.45x100
>

2.01x100
I c) Particulate 4.83x10-2 5.22x10-2 2.79x10-1-

d) Tritium - - - -|

LIQUID RELEASES

Gross Radioactivity

Total Release (Ci) 3x10-1 1.965x101 5.158x101 3.34x10-1
|

i Ave. Conc. Released 7.99x10-9 3.34x10-8 1.06x10-7 5.6Sx10~8
(vC1/ml)

;

Max. Cone. Released 8. 2x10- 8 9.66x10-7 1.0x10-6 g ,7txic-7
I (pCi/ml)
'

.

r
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