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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-
sible entity for operation of the facilities)] for Millstone Nuclear Power
Station Unit 1 has been prepared by the Office of Nuclear Reactor Regulation
of the U.5. Nuclear Regulatory Commission. The facility is located in the
town of Waterford, Connecticut. Subject to favorable resolution of the items
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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1 INTRODUCTION AND GENERAL DESCRIPTION OF PLANT
1.1 Introduction

This report is a Safety Evaluation Report (SER) on the application for a
full-term operating license (FTOL) for the Millstone Nuclear Power Station,
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 1953 to 1971 the Atomic Energy Commission issued POLs to 15 power reactors
for periods up to 18 months as an intermediate stage before issuing an FTOL.

The purpose of the POL was to provide an interim period of routine operaton
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
each POL licensee submitted a timely application for renewal under Pait 2.109

of Title 10 of the Code of Fuderal Regulations (10 CFR 2.109) (Ref. 1) and/or

an application for conversion to a full-term license.

The Connecticut Light and Power Company (CL&P), Hartford Electric Light Company,
Western Massachusetts Electric Company (WMECO) and the Millstone Point Company
which Tater evolved to CL&P, WMECO, and NNECO filed an application to convert
POL No. DRP-21 for Millstone-1 to an FTOL in a letter dated Sept. 1, 1972

(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 completed
on March 23, 1971. The NRC policy with respect to conversion of Provisiona)
Operating Licenses to Full Term Operating Licenses was presented in SECY 83-19
(Ref. 6).

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

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
Millstone-1 (NUREG-0824 Ref. 5).

*The POL review is documented in a Safety Evaluation forwarded to the licensee
by letter dated March 7, 1970,

Millstone - FTOL SER 1-1



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 nuc'ear 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 any required back-fitting.

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

(5) The program should efficiently use available resources and minimize re-
qQuirements for additional resources by NRC or industry.

Thus, the review provides (1) an assessment of the significance of differences
between current te.hnical positions on safety issues anu 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 ronduct 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 after the staff has made the initial determination that the safety sig-
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 imglementation
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 suppiement 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 wil) 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 staff 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 Environmenta) 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 Environmenta)
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.
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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

1.2 Description of Plant

The Millstone-1 plant, located in the town of Waterford, Connecticut, is a
Boiling Witer 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,
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 a~e 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
buildiig 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
operating boiling water reactors. Housed in the reactor pressure vessel are
the reactor core and core support structure, the steam separators and dryers,
the jet pumps, the control rod guide tubes, the feedwater distributors, the
emeraency core cooling system (ECCS) spray headers, the standby liquid poison
systzm spargers and other components. The arrangement of major components
within the reactor pressure vessel are illustrated in Figure 1.1. The inside
dianeter 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-
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.
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.

The fuel rods consist of uranium dioxide pellets contained in sealed zircaloy
tubes. The fuel rods are fabricated into fuel assemblies in an 8 x 8 matrix
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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
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 hlade 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 contro! 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 througn 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 ave driven by water from the two recirculation loops.
Each loop has a variable speed centrifuga)l 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
vaives (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 encircies 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 radicactive 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:

a. The Tow pressure coolant injection (LPCI) system serves three functions:
8 It injects water into the reactor vessel under the circumstances of
the postulated double-ended rupture of a major water recirculation

line rapidly encugh to refiood the core and prevent excessive fuel
clad damage.

- 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.

¢. The isolation condenser removes decay heat when the reactor is isolated.
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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 thru.gh 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,
other 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. Mi'lstone Unit 2 received ful’
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 Millstone Unit 1 from these addi-
tional facilities are expected to be minimal.

1.3 OQOperating 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 initia: 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
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 <teel 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 1 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 involving 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 foliows: (1)
initial fuel loading and open v::.sel testing, (2) initial heatup with nuclear
heat, (3) power tests and escal.tion 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
stresses were found within acceptance criteria.
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(6)

(7)

(8)

(9)

(10)

Core Performance Evaluation - basic performance parameters of total and
specific core power, maximum heat flux, minimum critical heat flux ratio
(MCHFR) were determined. At full power a peak heat flux of 120 w/cm*
(382,000 BTU/hr-ft2), a total peaking factor of 2.96 and a MCHFR of 2.6
were determined. These values confirm conservative design predictions of
peak heat flux of 400,300 BTU/hr-ft?, total peaking factor of 3.08 and a
MCHFR greater than 1.9, respectively.

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,
calibrated and determined to be operable as required.

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.

Transient Behavior - the plant transient behavior was tested by performing
two turbine trip tests (at 50 percent and 100 percent power) and a total
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
plant behavior. During the 50 percent power turbine tri; *“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.

The licensee submitted a report of the event and subsequent corrective
action to the Commission by letter dated March 3, 1971. The staff reviewed
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.

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
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 1 to assure that excessive vibrations, which could cause
deterioration of the internal structures and equipment, would not occur
due to normal operation «f the plant or due to a range of off-normal con-
ditions which might inadvertently or accidently occur.

The 17:ensee met the intent of Regulatory Guide 1.20 by successful comple-
tion of the startup vibration test program and by extensive operation at
full power with no evidence of deterioration of the structures, which sup~
port and restrain the core due to flow induced vibration. [he 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
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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 suppert 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 flews over and around the reactor interna-. In contrast, the
driving forces ident:fied in the case of the feedwater Jpargers result
from flow through the feedwater piping and, possibly, trcnsmitted vibra-
tion originating at the feedwater pumps. The feedwater sjarger problem is
discussed in Section 1.3.2(2) of this report.

On the basis of satisfactory results from startup and power esc.lation testing
and subsequent power operations including a new domestic BWR ope ~ating record
for continuous time on line of 374 days, the staff concludes thai the testing
and successful operation for 15 years have demonstrated the desigy 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 D to this report, "Special Report on the Operation of Millstone-1 by I&E "
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, during a reactor startup, seawater lea age 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 systei. In the reactor primary coolant
system, the chloride concentration reached 17 ppm and conductivity reached
a lTevel of about 84 micromhos per cm (umho/cm). These levels were in
excess of the limits of 0.1 ppm chloride and 2 umho/cm conductivity set
forth in the Technical Specification at that time.

Following the incident, the licensee conducted an investigation which
included an assessment of damage to reactor comporents. This assecsment
revealed the essentially complete failure of 116 of the 120 Local ' ower
Range Monitors (LPRMs). Other significant effects discovered during the
investigation, but not necessarily the result of the chloride incident,
included extens®ve 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/nicke] tubing as a corrective action for sea water leakage.
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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. Thes:c 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.
A1l 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
the 45-degree shear wave examination was accomplished with a 60-degree "V"
notch calibration block machined to the depth of 1% 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.

The staff concurs that the "V" notch calibration block was acceptable 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-
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
Appendix H and summarized in Appendix K revealed no abnormal conditions.
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The staff concluded that the augmented surveillance inspection program
conducted after 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 1 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 vess«| 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 Timiting
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 dat: 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-
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.

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
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
controi 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-
ment of the failed design #2 feedwater spargers. The manufacturing defect
in the control blades was that the tubes containing boron carbide poison
mer have been installed upside down in some blades which could result in
mo.ement 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
repl. ze 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 subsequent y 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
redistributicn on the control rod drop accident, the calculated reactivity
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
refueling outage of October 1974. A1l 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
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 tibes 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-
ponding change to the Technical Specifications including the supporting
Safety Evaluation was effected by License Amendment No. 4 issued on
November 1, 1974. This action resolved the problem at the Mi)lstone

Unit 1 reactor.

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 loes of hydraulic fluid. As a
result of these findings, the Commission required each operating reactor
Ticensee 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,

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
were found to be inoperable at each inspection. Subsequent inspections
within the required 90 day intervals continued to show at least one unit
Lo be inoperable until the Fall 1974 refueling outage at which time new
filler plugs, O-rings and seals were installed in all hydraulic snubbers.

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 compatiple 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.

“eedwater 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. Al 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.

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 Lypassing the thermal sleeve. The licensee expected
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 Lhe
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,

Gas Turbine Generator Performance - The onsite emergency power is supplied
to the essential busses by a diesel generator and a gas-turbine-generator.
The gas-turbine-generator is a commercially available unit consisting of

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
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.
The staff reviewed this information and the results of the evaluation for
that period indicated that the failure rate (at a 99% confidence level)

was less than 1.1 per 100 attempts to start with expectations for further
reductions in the start failure rate as deficiencies are identified and
corrected.

The method which was used in this analysis was to identify the operating
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 %
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.
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Additional results indicate that the present failure rate for fast starts
is now less than 1% and decreasing (at a confidence level greater than
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-
able. (Additional information - Ref. ).

(7) Other Operating Problems - The remaining operating problems cover a spec-
trum of events; however, all were of less importance in the early plant
operating history than the events described above. They include failure
of main steam line isolation valve to close, protective instrumentation
set point drift, failure of select rod insert to function, isolation con-
denser failure to operate, steam line movement with a turbine trip, low
emergency service water pump pressure, failure of safety/relief valve to
reseat after operation, reactor recirculation pump motor failure, malfunc-
tion of main turbine pressure control system, safety valve leaking, plant
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 facility
affected offsite locations. More recent operating problems are identified
in IPSAR (Ref. 5) and Millstone Nuclear Power Station Annual Reports for
the years 1973 through 1983 (Ref. 11).

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

On this basis we conclude that the Millstone Unit 1 has been operated in a safe
manner and its continued operation is expected to be satisfactory.

1.4 Plant Modifications

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
important are identified below:

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

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

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

(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).
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(4) Torus Baffles:
A1l 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. A1) reloads since
have utilized 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
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 §50.59.

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)
Masonry Walls (Bulletin 80-11) (Ref. 18)
Security System Upgrade

Scram Discharge Volume Mods
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Category:

Category:

Iso - Condenser Upgrade
Appendix R Modifications

Hydrogen Control Modifications
Misc. Seismic Mods

SEP Modifications (Various)
Fire Detection Equipment

Misc. Fire Protection
Recirculation Pump Trip

Utility Initiated Backfits

Fw Clad/Sparger

Core Spray Piping

Retube Condenser

FW Checkvalve Replacement
345 KV Breakers

Fw Heater Repair

Hybrid Backfits

Fuel Storage Racks

Off Gas Facilities

Radwaste Facilities

Process Computer Replacement
Training Facility

Process Computer Upgrade
Radwaste Storage

Plant Specific Simulator
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2 SITE CHARACTERISTICS

2.1 Geography and Demography

Millstone Unit 1 is located in the town of wWaterford, New London County,
Connecticut, on the north shore of Ltong Island Sound. The 202-ha (500-acre)
site occupies the tip of Millstone Pcint 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 I1-1.8B concluded that the site conforms to the current licensing
criteria pertaining to population distribution.

2.1.2 Exclusion Area Authority and Control

The Ticensee 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 ConRai)/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 [-95, which is located 6.4 km (4 mi) from the Millstone
site. Other principal highways that pass near the site include U.S5. 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 freguencies 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 conclud2d that the only hazardous material requiring
a hazard assessment is liquefied petroleum (propane) gas. 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, freguency,
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.

Millstone - FTOL SER 22




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

(6 mi) northwest, and V308, 12.9 km (8 mi) east. The nearest high-altitude jet
route, J121-581, passes 14.5 km (3 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
adverseily 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
facilities (Dow Chemical Corporation, Pfizer Corporation, and Electric Boat
Division of General Dynamics Corporation), two transportation facilities
(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, Lecyard, 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
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 Corporation
produces organic compounds and pharmaceutica)l 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.

The Electric Boat Division of General Dynamics of Eastern Point Road, Groton,
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 eyuipment 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. A1l material is moved by truck, railroad, and/or
barge to and from the company with the exception of completed ships that are
launched.

The New London Airport located approximately 6.4 km (4 mi) north-northeast of
the site is 'imited to handling small, private aircraft. Seven persons are
employed at the airport on a full-time basis. Approximately 12 additional
part-time persons may be employed at this airport, primarily during the summer
months and on weekends. Scheduled commercial aircraft do not use this airport.
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 1b.
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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 hunrdred
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 1b, plus a fuel load of 11,000 1b.

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.S5. 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. Al)l 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 Nationa) 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
O0'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
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.

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.

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 1I-1.C).

2.3 Meteorology

Evaluation of regional and local climatological information, including extremes
of climate and severe weather cccurrences that may affect the design and siting
of a nuclear plant, assures plant design and operation within the requirements

of Commission regulations (SEP Topic 11-2.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 alternate with marilime Lropicai 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 freguency 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 often 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. Ffor the two-degree latitude-longitude
“square" (14,125 mi?) 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 mi?, the computed probability of occur-
rence for a tornado at the plant site is about 3.2 x 10-° per year. The licensee
has ccmputed a higher probability of occurrence (~5.5 x 10-4 per year) based

on a larger tornado path area (2.82 mi?) 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 accimulate as
a result of wintertime precipitation mixture of snow, ice, and rain. The maxi-
mu. 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 Loca! 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.

2.3.3 Onsite Meteorological Measurements Prcgram

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.

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 cata
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.

Millstone - FTOL SER 2-6



Also, the meteorological data will be available to the site and corporate emer-
gency operations facilities for use in the dose calculation mode) 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 conditicens 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 I1I-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 ft) 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 tLhe 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 herizeontal 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 LEVFL RELEASE

Time Period Distance & Direction X/Q (sec/m*)
0-2 hours FAB (566 m) NE 6.1 x 10-4
0-8 hours LPZ (3860 m) SSW/ENE 1.9 x 10-%
8-24 hours LPZ (3860 m) SSW/ENE 1.3 x 10-%
1-4 days LPZ (3860 m) SSW/ENE 5.5 x 10-%
4-30 days LPZ (3860 m) SSW/ENE 1.7 x 10-%
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ELEVATED RELEASE

Time Period Distance & Direction X/Q (sec/m*)
0-2 hours fumigation EAB (496 m) NE 9.2 x 10-%
0-4 hours fumigation LPZ (3860 m) N 1.8 x 10-%
4-8 hours LPZ (3860 m) N 1.3 x 10-%
8-24 hours LPZ (3860 m) N 8.5 x 10-7
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 hydrolegic 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 providcs the bases for concluding that the site and facilities meet
the requirements of 10 CFR 20, %7, and 100 with respect te hydrologic
engineering.

2.4.1 Hydrologic Description (SEP Topic I1I-3.A)

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.

There are no perennial streams on or adjacent tc 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 shcres of the p'ant 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 from
5 ft to approximately 10 ft MSL, not including waves.

Plant operation utilizes once-through cooling, extracting water from Niantic
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 intc Niantic Bay) or any other drainageways in the area. Neither
are there any stream flow gages on adjacent water sheds.

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
the point drains into Niantic Bay and Jordan Cove directly, with no major
drainageways passing through the plant site.

Groundwater movement on Millstone Point is extremely slow, as evidenced by the
fact that the average water level measured in the granite quarry was 17 ft below
ms1 before the discharge canal connecting the quarry to Long Island Sound was
built.

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

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

o The roofs of safety related buildings are designed for a live loading of
60 psf.

0 Exterior walls of safety related buildings are designed to protect against
hydrostatic forces to elevation 19 ft ms) through the use of emergency
procedures to close flood gates.

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

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

o The design basis groundwater level is not known, however the licensee has
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 ms).

o The emergency service water pumps are designed to operate at a minimum
water level of -6.0 ft MSL.

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

2.4.2 Floods

2.4.2.1 Flood Potential

Flooding near the site has historically been caused ., hurricanes. The licensee
reported that the maximum historical flooding was the result of a hurricane on
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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-
cane (PMH). The starf 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

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 11-4, 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 _on:<® uction per-
mits and operating licenses for the Millstone Point Nuclear Power stion Units 1
and 2, SEP review topic II-4 safety evaluation for Millstone-1, anc - the SER
relating to the construction permit for Millstone Unit 3.

2.5.2 Regional Geology (SEP Topic I1-4)

The Millstone site lics within the Seaboard Lowland section of the New England
Physiographic Province (Fenneman 1938 and Thorrbury 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,
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-
cept of King, Rodgers, Eardley and Hadley and Devine. The New England-Piedmont
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 - Gaspé, synclinorium, the Bronson Hill =
Boundary Mountain anticlinorium, the Merrimack synclinorium, and the Coastal
anticlinorium. The site lies near the sctuthern 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 Piatform is composed of Precambrian granitic
basement rocks, Silurian and Devenian volcanic and intrusive rocks, Cambro-
Permian basins, an area of late Paleozois intrusive and metamorphic rocks, and
the zone ¢f 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 Scutheast 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 dJdevelopment 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 larye recumbent, isoclinally folded syncliine, 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 tne 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
from +50 feet mean sea level (msl) at the Penn Central railroad, about 1/2 mile
(.8 kilometer) north of the site, to -50 ms) 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
ms].

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 Paleczoic (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 1 was not
geologically mapped. It is likely that faults simiiar or equivalent to the
cnes 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 Topic 11-48B)

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 rifting during early and middle Mesozoic
(240 mybp to 190 mybp). There is no evidence that the fault has been active
since that 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 fauit system (Lundgran,
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 ve 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 I1-4). 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 (SEF 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 I11-4) 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 froject, Units 1 and

2 and Millstone-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 80C 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 seis-
micity shows no indication that the New Shoreham fault is a zone of increased

seismicity.

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
lTineaments 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 nhumerous geological recon-
naissances of the site and excavation, and contracted an independent consultant
to review the fault dating technigues used by the applicant. Based on its review
the staff concluded that the site faults were ancient, and therefore not capable
according 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
is defined on the basis of surface geology, geophysical data, gravity modeling,
and seismicity.

The staff's position on these submittals is that the applicant did not provide
sufficient 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
larger still undefined tectonic structure within the Miramichi Anticlinorium.
There is no assurance, however, that similar faults and tectonic structures do
not exist in other areas of the eastern U.5.
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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 the 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
area. Petrographic and radiometric studies indicate that the latest movement
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 Unit 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 X/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 1 were not geologically mapped. It is likely
that the larger throughgoing faults mapped at Unit 3 continue into the Unit 1
area. It is also likely that numerous minor faults similar to those mapped
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.S5. (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 1 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
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