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6.1
6.1.1

ENGINEERED SAFETY FEATURES INTRODUCTION AND
MATERIALS
INTRODUCTION

The central safety objective in reactor design and operation is control of reactor fission
products. The methods used to ensure this objective are:
A. Core design to preclude release of fission products from the fuel (Chapter 4).
B. Retention of fission products by the reactor coolant system boundary wherever leakage
from the fuel occurs (Chapter 5).
C. Retention of fission products by the containment for operational and accidental releases
beyond the reactor coolant boundary (Section 6.2).
D. Optimizing fission product dispersal to minimize population exposure (Chapters 2 and 11).
The engineered safety features are the provisions in the plant which embody methods 2 and 3
above to prevent the occurrence or to ameliorate the effects of serious accidents.
The engineered safety features in this plant are (1) the containment systems (Section 6.2),
which include the containment recirculation fan cooler (CRFC) and containment postaccident charcoal systems, containment isolation valves, the containment spray system and
the hydrogen recombiners, and (2) the Emergency Core Cooling System (ECCS) which
includes the high and low-pressure safety injection systems and the accumulators described in
Section 6.3.
Evaluations of techniques and equipment used to accomplish the central objective, including
accident cases, are described in Chapters 6 and 15.
The criteria applying to the engineered safety features or related systems at the time of
licensing of Ginna Station were part of the Atomic Industrial Forum (AIF) version of
proposed criteria issued by the AEC for comment on July 10, 1967. These criteria (AIFGDC 37, 38, 41, 42, and 43) are discussed in Section 3.1.1 and in the sections where the
engineered safety features or related systems are discussed. Compliance of the design to the
1972 version of 10 CFR 50, Appendix A, General Design Criteria, is discussed in Section
3.1.2. Evaluations, such as the Systematic Evaluation Program (SEP) evaluations, that have
been performed since 1972 against General Design Criteria appear in the design evaluation
sections for the specific engineered safety feature or related system.
6.1.2
6.1.2.1
6.1.2.1.1

ENGINEERED SAFETY FEATURES MATERIALS
Postaccident Environmental Conditions
General

An evaluation of the suitability of materials of construction for use in the containment system
has been performed considering the following:
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A. The integrity of the materials of construction of engineered safety features equipment when
exposed to post design-basis accident conditions.
B. The effects of corrosion and deterioration products from both engineered safety features
(vital equipment) and other (non-vital) equipment, on the integrity and operability of the
engineered safety features equipment.
The post design-basis accident environment conditions of temperature, pressure, radiation,
and chemical composition are described in the following sections. The time-temperaturepressure cycle used in the materials evaluation is most conservative, since it considers only
partial safeguards operation during the design-basis accident. The spray and core cooling
solutions include both the design chemical compositions and the design chemical
compositions contaminated with deterioration products and fission products that may
conceivably be transferred to the solution during recirculation through the various
containment engineered safety features systems.
In addition, within the scope of the SEP, Topic VI-1, the postaccident chemistry and suitability
of organic materials in containment were evaluated by the NRC. The conclusions of this
evaluation are discussed in Section 6.1.2.4 regarding the postaccident chemistry and Section
6.1.2.9 regarding organic materials.
6.1.2.1.2

Design-Basis Accident Temperature-Pressure Cycle

Figures 6.1-1 and 6.1-2 present the temperature and pressure profiles following the designbasis accident for Ginna Station. The figures represent environmental design-basis accident
conditions considering partial engineered safety features operation; that is, operation with one
of the two spray pumps, two of the four containment fans, one of the two residual heat
removal pumps, and two of the three safety injection pumps. An overlay of the EQ
temperature profile (Figure 6.1-1) and the EPU accident profile (Figure 6.2-5) shows that
peak containment temperature is bounded by the EQ profile except for the first 5 sec. and for
2.3 days after 24 hr.
The first 5 sec. is irrelevant because of the thermal lag of energy transfer across the
boundaries between the containment atmosphere and the surface of the equipment.
At 24 hours, containment temperature is 9F above the EQ temperature profile and drops
below the profile after approximately 2.3 days. The impact of the 9F was evaluated with an
efficiency aging analysis. The results of the analysis concluded that the EPU accident profile
is bounded by the EQ profile with respect to long term aging. Therefore, the postaccident
operability time of the EQ components remain valid for EPU operation. In reality, the longterm temperature of 152F is a conservative bounding value. The EPU long-term temperature
is calculated to be approximately 125F.
Figure 6.1-3 presents the materials evaluation conditions for the containment and core
environment.
Environmental qualification of safety-related equipment, including materials evaluations,
were performed for conditions that either simulated the time-temperature and pressure
conditions of Figures 6.1-1 and 6.1-2 or higher temperature and pressure conditions for
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longer periods. The basis for each qualification or evaluation is described with the
discussion of its particular suitability in the following sections.
6.1.2.1.3

Design-Basis Accident Radiation Environment

Evaluation of materials for use in containment included a consideration of the radiation
stability requirements for the particular materials application. Figures 6.1-4 and 6.1-5 present
the post design-basis accident containment atmosphere total gamma dose and total beta dose,
respectively. These data were calculated on the basis of a core meltdown and assuming the
following fission product releases, consistent with the TID 14844 model; and Regulatory
Guide 1.89, Revision 1, that is, an instantaneous release of 100% noble gases, 50% halogens,
and 1% other isotopes. The 1% other isotopes are assumed to be transported with the primary
coolant directly to the containment sump. Additional detail is provided in Section 3.11.3.1.
6.1.2.1.4

Design Chemical Composition of the Emergency Core Cooling Solution

Present system designs provide for use of either boric acid solution or alkaline-adjusted boric
acid solution as the spray and core cooling fluid.
Unadjusted boric acid solution is anticipated as the spray and core cooling liquid where other
means (for example, charcoal filters) are provided for fission product removal from the
containment atmosphere and for postulated small-break-type accident conditions wherein
spray additive, although available, is not required.
Boric acid solution containing approximately 2750 to 3050 ppm boron is pumped from the
refueling water storage tank (RWST) to the containment by means of the safety injection
system pumps, the residual heat removal pumps, and the containment spray pumps. Figure
6.1-6 presents the variation of boric acid solution pH versus boron concentration. The
solution pH value at 24C for 2750 and 3050 ppm boron as boric acid solutions are
approximately 4.4 and 4.32.
Plant designs which utilize the spray solution for fission product iodine removal, as well as
containment cooling, include provisions for injection of chemical additive (sodium
hydroxide) to the Emergency Core Cooling System (ECCS). The original containment spray
system design requirements dictated a sprayed liquid pH range of 9.0 to 10.0 during the
injection phase following a loss-of-coolant accident (LOCA); the lower value being
associated with iodine removal and the higher value associated with material compatibility.
A minimum pH of 8.5 for the containment sump liquid was originally used in the design to
preclude re-evolution of iodine. This minimum value was later revised to a value of 7.0 as
approved in Standard Review Plan 6.5.2. To maintain this spray pH range with a refueling
water storage tank (RWST) boron concentration of 2750 to 3050 ppm, it was determined
that the sodium hydroxide concentration in the spray additive tank must be maintained
between 30 wt % and 35 wt % (Reference 16). This conclusion was based on a sodium
hydroxide eductor suction flow of 20 gpm for a containment spray flow from 1320 gpm at 60
psig containment pressure to 1560 gpm at 0 psig containment pressure per containment
spray pump. See UFSAR Section 6.5.2 for additional background information on NaOH and
sump pH.
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The sump pH has been calculated (Reference 19) for an RWST boron concentration of 2750
ppm to 3050 ppm, an accumulator concentration of 2550 ppm to 3050 ppm, and reactor
coolant system operating concentrations. During the injection phase of a design-basis
accident, with a spray additive tank concentration of 30 wt % to 35 wt %, the sump liquid pH
range was determined to exceed the minimum required value of 7.0 as specified in Branch
Technical Position MTEB 6-1, and to be less than 10.5 as specified in Standard Review Plan
6.5.2. This evaluation also considered chemical effects limits (See Section 6.3.2.1.1).
The solutions were considered aerated throughout the entire exposure period as in the case of
the pure boric acid spray solution.
6.1.2.1.5

Trace Composition of Emergency Core Cooling Solution

During spraying and recirculation, the emergency core cooling solution will wash over
virtually all of the exposed components and structures in the reactor containment. The
emergency core cooling solution is recirculated through a common sump and hence, any
contamination deposited in or leached by the solution from the exposed components and
structures will be uniformly mixed in the solution.
The materials compatibility discussion includes consideration of the effects of trace elements
which are identified as conceivably being present in the emergency core cooling solution
during recirculation.
To identify the trace elements in containment which may have a deleterious effect on
engineered safety features equipment, one must first establish which elements are potentially
harmful to the materials of construction of the engineered safety features equipment and
second, ascertain the presence of these elements in forms which can be released to the
emergency core cooling solution following a design-basis accident. Table 6.1-1 presents a
listing of the major periodic groups of elements. Elements which are known to be harmful to
various metals are noted and potential sources of these elements are identified.
The concentration of the trace contaminants in the emergency core cooling solution will vary
with individual plant construction as well as with the chemical composition of the emergency
core cooling solution itself.
6.1.2.2

Materials of Construction in the Containment

All materials in the containment were reviewed from the standpoint of ensuring the integrity
of the equipment constructed of these materials and to ensure that deterioration products of
some materials do not seriously aggravate the accident condition. In essence, therefore, all
materials of construction in containment must exhibit resistance to the postaccident
environment or, at worst, contribute only insignificant quantities of trace contaminants which
have been identified as potentially harmful to vital engineered safety features equipment.
Table 6.1-2 lists typical materials of construction used in the reactor containment system.
Examples of equipment containing these materials are included in the table.
Corrosion testing, described in Section 6.1.2.3, showed that of all the metals tested only
aluminum alloys were found incompatible with the alkaline sodium borate solutions.
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Aluminum was observed to corrode at a significant rate, with the generation of hydrogen gas.
Since hydrogen generation can be hazardous to containment integrity, a detailed survey was
conducted to identify all aluminum components in the containment.
Table 6.1-3 lists the aluminum inventory in the Ginna Station containment. Included in the
table is the mass of metal and exposed surface area of each component. The 6000 series
aluminum alloys are the major types found in the containment.
The reactor vessel insulation foil is made of thin, 1100 series aluminum foil, which, for the
purposes of hydrogen production calculations, is consumed immediately following the event.
All the metals of construction in containment including aluminum are compatible with
unadjusted boric acid solution at the design-basis accident condition.
6.1.2.3
6.1.2.3.1

Corrosion of Metals of Construction in Design-Basis Emergency Core Cooling
Solution
Corrosion Resistance

Emergency core cooling components are austenitic stainless steel and, hence, are quite
corrosion resistant to the alkaline sodium borate solution, as demonstrated by corrosion tests
reported in WCAP 7153 (Reference 1). The general corrosion rate for types 304 and 316
stainless steels was found to be 0.01 ml/month in pH 10 solution at 200F. Data on corrosion
rates of these materials in the alkaline sodium borate solution have also been reported by Oak
Ridge National Laboratory (References 2 and 3) to confirm the low values.
Extensive testing was also performed on other metals of construction that are found in the
containment. Testing was performed on these materials to ascertain their compatibility with
the spray solution at design postaccident conditions and to evaluate the extent of deterioration
product formation, if any, from these materials.
Metals tested included zircaloy, Inconel, aluminum alloys, cupro-nickel alloys, carbon steel,
galvanized carbon steel, and copper. The results of the corrosion testing of these materials are
reported in detail in Reference 1. In addition, ZIRLO™ material has been corrosion tested as
documented in Reference 17. Of the materials tested, only aluminum was found to be
incompatible with the alkaline sodium borate solution. Aluminum corrosion is discussed in
Section 6.1.2.5. A summary of the corrosion data obtained on various materials of
construction exposed for several weeks in aerated alkaline (pH 9.3 to 10.0) sodium borate
solution at 200F is shown in Table 6.1-4. The exposure condition is considered
conservative since the test temperature (200F) is considerably higher than the long-term
design-basis accident temperature (152F).
Tests conducted at Oak Ridge National Laboratory (References 2 and 3) have also verified the
compatibility of various materials of construction with alkaline sodium borate solution. In
tests conducted at 284F, 212F, and 130F, stainless steels, Inconel, cupronickels, Monel,
and Zircaloy-2 experienced negligible changes in appearance and negligible weight loss.
The Ginna Station containment recirculation fan cooler (CRFC) coils are fabricated of copper
Turbex plate fins vertically oriented on stainless steel (AL-6XN) tubes.
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Corrosion tests at both PWRD and Oak Ridge National Laboratory have shown copper
suffers only slight attack when exposed to the alkaline sodium borate solution at design-basis
accident conditions. The corrosion rate of copper in alkaline sodium borate solution at 200F
is approximately 0.015 ml/month (Reference 1). The corrosion of copper in an alkaline
sodium borate environment under spray conditions at 284F and 212F have been reported by
Oak Ridge National Laboratory. Corrosion penetrations of less than 0.02 ml were observed
after 24-hour exposure at 284F (see Reference 3, Table 3.13) and a corrosion rate of less than
0.3 ml/month was observed at 212C (see Reference 2, Table 3.6).
It can be seen, therefore, that the corrosion of copper in the postaccident environment will
have a negligible effect on the integrity of the material. The corrosion product formed during
exposure to the solution appears tightly bound to the metal surface and so will not be released
to the emergency core cooling solution.
6.1.2.3.2

Caustic Stress Cracking Resistance

Consideration was given to possible caustic corrosion of austenitic stainless steels by the
alkaline solution. Data presented by Swandby (Reference 4) (Figure 6.1-8) show that these
steels are not subject to caustic stress cracking at the temperature (285F and below) and
caustic concentrations (less than 1 wt %) of interest. It can be seen in Figure 6.1-8 that the
stress cracking boundary temperature as defined by Swandby is considerably above
(approximately 80F) the long-term postaccident design temperature of 152F. A
temperature in excess of 500F is required to produce stress corrosion cracking at sodium
hydroxide concentrations greater than 85%, as seen in Figure 6.1-8.
It should be noted when considering the possibility of caustic cracking of stainless steels that
the sodium hydroxide-boric acid solution is a buffer mixture wherein no free caustic exists at
the temperatures of interest even if the solution is concentrated locally through evaporation of
water. Therefore, the above consideration is somewhat hypothetical with regard to the Ginna
Station postaccident environment.
6.1.2.4

Corrosion of Metals of Construction by Trace Contaminants in Emergency Core
Cooling Solution

Trace Elements
Of the various trace elements which could occur in the emergency core cooling solution in
significant quantities, only chlorine (as chloride) and mercury are adjudged potentially
harmful to the materials of construction of the engineered safety features equipment.
Mercury
The use of mercury or mercury bearing items, however, has been prohibited in the Ginna
Station containment. This includes mercury vapor lamps, fluorescent lighting, and
instruments which employ mercury for pressure and temperature measurements and for
electrical equipment. Potential sources of mercury, therefore, have been excluded from
containment and hence no hazard from this element is recognized.
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Chlorides
The possibility of chloride stress corrosion of austenitic stainless steels has also been
evaluated. It is believed that corrosion by this mechanism will not be significant during the
postaccident period for the following reasons:
6.1.2.4.1

Low Temperature of Emergency Core Cooling Solution

The temperature of the emergency core cooling solution is reduced after a relatively short
period of time (i.e., a few hours) to about 150F. While the influence of temperature on stress
corrosion cracking of stainless steel has not been unequivocally defined, significant
laboratory work and field experience indicate that lowering the temperature of the solution
decreases the probability of failure. Hoar and Hines (Reference 5) observed this trend with
austenitic stainless steel in 42 wt % solutions of magnesium chloride with a temperature
decrease from 310F to 272F. Staehle and Latanision (Reference 6) present data which also
show the decreased probability of failure with decreasing solution temperature from about
392F to 302F. Staehle and Latanision (Reference 6) also report the data of Warren
(Reference 7) which showed the significant change with decrease in temperature from 212F
to 104F. The work of Warren, while pertinent to the present consideration in that it shows
the general relationship of temperature to time to failure, is not directly applicable in that the
chloride concentration (1800 ppm chlorine) believed to have affected the failure was far in
excess of the reasonable chloride contamination which may occur in the emergency core
cooling solution.
6.1.2.4.2

Low Chloride Concentration of Emergency Core Cooling Solution

It is anticipated that the chloride concentration of the emergency core cooling solution during
the postaccident period will be low. Throughout plant construction, surveillance has been
maintained to ensure that the chloride inventory in the containment would be maintained at a
minimum. Controls on use of chloride bearing substances in the containment include the
following:
A. Restriction in chloride content of water used in concrete.
B. Prohibition of use of chloride in cleaning agents for stainless steel components and
surfaces.
C. Prohibition of use of chloride in concrete etching for surface preparation.
D. Use of non-chloride bearing protective coatings in containment.
E. Restriction of chloride concentration in safety injection solution, 0.15 ppm chloride
maximum.
The effect of decreasing chloride concentration on decreasing the probability of failure of
stressed austenitic stainless steel has been shown by many experimenters. Staehle and
Latanision (Reference 6) present data of Staehle which show the decrease in probability of
failure with a decrease in chloride concentration at 500F. Edeleanu (Reference 8) shows the
same trend at chloride concentrations from 40% to 20% as magnesium chloride and reported
no failures in this experiment at less than about 5% magnesium chloride.
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Instances of chloride cracking at representative emergency core cooling solution temperatures
and at low solution chloride concentration have generally been on surfaces on which
concentration of the chloride occurred. In the Emergency Core Cooling System (ECCS),
concentration of chlorides is not anticipated since the solution will operate subcooled with
respect to the containment pressure and the containment atmosphere will be 100% relative
humidity.
6.1.2.4.3

Alkaline Nature of the Emergency Core Cooling Solution

The emergency core cooling solution will have a solution pH of between 8.0 and 9.76 after
the addition of spray additive (sodium hydroxide) as discussed in Section 6.1.2.1.4.
Numerous investigators have shown that increasing the solution pH decreases the probability
of failure. Thomas, et al., (Reference 9) showed that the failure probability decreases with
increasing pH of boiling solutions of magnesium chloride. More directly applicable,
Scharfstein and Brindley (Reference 10) showed that increasing the solution pH to 8.8 by the
addition of sodium hydroxide prevented the occurrence of chloride stress corrosion cracking
in a 10 ppm chlorine (as sodium chloride) solution at 185F. Thirty stressed stainless steel
specimens were tested: including type 304 as received, type 347 as received, and type 304
sensitized. No failures were observed. Other test runs by Scharfstein and Brindley showed
the influence of solution pH on higher chloride concentrations, up to 550 ppm chlorine.
However, in these tests the pH adjusting agents were either sodium phosphate or potassium
chromate. The authors express the opinion, however, that in the case of the chromate
solution, chloride cracking inhibition was simply due to the hydrolysis yielding pH 8.8 and
not to an influence of the chromate anion. A similar hydrolysis will occur in the borate
solution.
6.1.2.4.4

Summary

In summary, therefore, it is concluded that exposure of the stainless steel engineered safety
features components to the emergency core cooling solution during the post-accident period
will not impair its operability from the standpoint of chloride stress corrosion cracking. The
environment of low temperature, low chlorides, and high pH which will be experienced
during the postaccident period will not, it is believed, be conducive to chloride cracking.
As part of SEP Topic VI-1, the NRC staff independently evaluated the pH for the containment
sump solution, which results from mixing of the containment spray solution with the reactor
coolant and emergency core cooling fluids in the sump during recirculation. The NRC
verified (Reference 11) that sufficient sodium hydroxide is available to raise the pH of the
containment sump solution above the minimum level of 7.0, consistent with the guidance of
Branch Technical Position MTEB 6-1, to reduce the likelihood of stress corrosion cracking of
stainless steel components. It was also verified that the sump maximum pH will not exceed a
value of 10.5 as specified in Standard Review Plan 6.5.2.
6.1.2.5

Corrosion of Aluminum Alloys

Corrosion testing showed that aluminum alloys are not compatible with alkaline borate
solutions. The alloys generally corrode fairly rapidly, at the postaccident condition
temperatures, with the liberation of hydrogen gas. A number of corrosion tests were
conducted in the PWRD laboratories and at Oak Ridge National Laboratory facilities. The
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design corrosion rates at various temperatures are shown in Figure 6.1-9. The timetemperature cycle (Table 6.1-5) considered in the calculation of aluminum corrosion is a
conservative step-wise representation of the containment pressure response to the primary
coolant break described in Section 6.2.1.2.2.6.
Figures 6.1-10 and 6.1-12 present the hydrogen generation from aluminum corrosion in
containment. The calculated hydrogen generation is conservative since it considers all the
aluminum inventory to be in contact with the spray solution for the entire postaccident
period. No credit is taken in the calculation for anodizing, shielding, or coating of any
aluminum components. See Section 6.2.5.3.2 for a discussion of the effect of additional
aluminum, associated with the reactor vessel insulation, that was not included in the analysis
of record.
6.1.2.6

Compatibility of Protective Coatings With the Postaccident Environment

The investigation of materials compatibility in the post-accident design-basis environment
also included an evaluation of protective coatings for use in the containment (Reference 12).
The results of the protective coatings evaluation showed that several inorganic zincs,
modified phenolics, and epoxy coatings are resistant to an environment of high temperature
(320F maximum test temperature) and alkaline sodium borate. Long-term tests included
exposure to spray solution at 150F to 175F for 60 days, after initially being subjected to
the design basis accident cycle. The protective coatings, which were found to be resistant to
the test conditions (that is, exhibited no significant loss of adhesion to the substrate or
formation of deterioration products), comprise virtually all of the protective coatings used in
the Ginna containment. Hence, the protective coatings will not add deleterious products to
the core cooling solution. Essentially all carbon steel surfaces are coated with Carbozinc-11a
(inorganic zinc primer) and Phenoline 305 (modified phenolic top coat). Phenoline 305
protective coating is also used on concrete surfaces.
Several test panels of the types of protective coatings used at Ginna Station were exposed for
two design-basis accident cycles and showed no deterioration or loss of adhesion with the
substrate.
6.1.2.7

Evaluation of the Compatibility of Concrete-Emergency Core Cooling Solution
in the Postaccident Environment

Concrete specimens were tested in boric acid and alkaline sodium borate solutions at
conditions conservatively (320F maximum and 200F steady-state) simulating the post
design basis accident environment.
The purpose of this study was to establish:
A. The extent of debris formation by solution attack of the concrete surfaces.
B. The extent and rate of boron removal from the emergency core cooling solution through
boron-concrete reaction.

a.

These coatings are products of the Carboline Co., St. Louis, Missouri.
Page 10 of 285

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Tests were conducted in an atmospheric pressure reflux apparatus to simulate long-term
exposure conditions, and in a high-pressure autoclave facility to simulate the design-basis
accident short-term, high-temperature transient.
The total surface area of concrete in the Ginna containment which may be exposed to the
emergency core cooling solution following a design-basis accident is estimated at 6.3 x 104
ft2. This value includes both coated and uncoated surfaces. The emergency core cooling
solution volume is approximately 313,000 gallons and the surface to volume ratio from these
values is approximately 29 in2/gal. The surface to volume ratios for the concrete-boron tests
were between 28 and 78 in2/gal of solution. Table 6.1-6 presents a summary of the data
obtained from the concrete-boron tests series.
Testing of uncoated concrete specimens in the postaccident environment showed that attack
by both boric acid and the alkaline boric acid solution is negligible and the amount of
deterioration product formation is insignificant. Other specimens covered with modified
phenolic and epoxy protective coatings showed no deterioration product formation. These
observations are in agreement with Orchard (Reference 13) who lists the following
resistances of portland cement concrete to attack by various compounds:
Boric acid

Little or no attack

Alkali hydroxide solution under 10%

Little or no attack

Sodium borate

Mild attack

Sodium hydroxide over 10%

Very little attack

Exposure of uncoated concrete to spray solution between 320F and 210F has shown a
tendency to remove boron very slowly, presumably precipitating an insoluble calcium salt.
The rate of change of boron in solution was measured at about 130 ppm/month with a pH 9
solution at 210F for an exposed surface of about 36 in.2/gal of solution (much greater than
any potential exposure in the containment). The boron loss during the high-temperature
transient test (320F maximum) was about 200 ppm. Figure 6.1-11 shows a representation of
the boron loss from the emergency core cooling solution versus time, by a boron-concrete
reaction following a design-basis accident. The time period from 0 to 6 hours shows the loss
during a conservative high-temperature transient test, ambient to 320F to 285F. The data
from 6 hours to 30 days are based on 210F data.
A depletion of boron at this rate poses no threat to the safety of the reactor because of the
large shutdown margin and the feasibility of adding more boron solution should sample
analysis show a need for such action.
Furthermore, essentially all of the concrete in the containment which will be exposed to the
spray solution has been coated with one of the products shown to be resistant to the solution
at the design-basis accident condition.
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6.1.2.8
6.1.2.8.1

Miscellaneous Materials of Construction
Sealants

Candidate sealant materials for use in the reactor containment system were evaluated in
simulated design-basis accident environments. Cured samples of various sealants were exposed
in alkaline sodium borate solution, pH 10.0, 3000 ppm, to a maximum temperature of 320F.
Table 6.1-7 presents a summary of the sealant materials tested, together with a description of
the panels’ appearance after testing. Three generic types of sealants were tested: butyl
rubber, silicone, and polyurethane. Each of the materials was the "one package" type, that is,
no mixing of components was necessary prior to application. The materials were applied on
stainless steel and allowed to cure well in excess of the manufacturer’s recommended time
prior to testing.
The test results showed that the silicone sealants tested were chemically resistant to the
design-basis accident environment and were acceptable for use in the containment. Sealant
780 by Dow Corning Corporation was selected for use at Ginna Station. The major
application of this sealant is for use on the containment liner insulation panels. Sealant 780
will contribute no deterioration products to the emergency core cooling solution during the
post design-basis accident period and will maintain its structural integrity.
6.1.2.8.2

Containment Recirculation Fan Cooler (CRFC) Materials

Samples of the following containment recirculation fan cooler (CRFC) materials were
exposed in an autoclave facility to the design-basis accident temperature-pressure cycle:
•

Moisture separator pad.

•

High efficiency particulate air filter media.

•

Pleated asbestos separators.

•

Adhesive for joining separator pads and high efficiency particulate air filter media corners.

•

Neoprene gasketing material.

The materials were exposed in both the steam phase and liquid phase of a solution of sodium
tetraborate (15 ppm boron) to simulate the concentrations expected downstream of the
containment recirculation fan cooler (CRFC) cooling coils. Examination of the specimens
after exposure showed the following:
A. Moisture separator pads were somewhat bleached in color but maintained their structural
form and showed good resiliency in both liquid and steam phase exposure. These loss-of
coolant accident (LOCA) qualified moisture separator pads were replaced during the 1993
MODE 6 (Refueling) outage. The replacement pads contain the same filter media but the
binder material was modified slightly. Although the replacement pad binder material was
not tested in an autoclave, an analysis was performed which concluded that the replacement
binder material will withstand loss-of-coolant accident conditions.
B. High efficiency particulate air filter media maintained their structural integrity in both the
liquid and steam phase with no apparent change.
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C. Pleated asbestos separators showed some slight color bleaching; however, both steam and
liquid phase samples maintained their structural integrity with only slight loss of rigidity.
All of these loss-of-coolant accident qualified waterproof asbestos separators were replaced
during the 1993 refueling outage and subsequent outages, with the last separators being
replaced during the 1999 refueling outage. The replacement pleated separators are made of
vinyl-coated aluminum. The vinyl-coated aluminum material was tested in an autoclave
and an analysis was performed that concluded that this material will withstand loss-ofcoolant accident conditions.
D. Adhesive material for the high efficiency particulate air/separator pad edges showed no
deterioration or embrittlement and maintained its adhesive property.
E. Neoprene gasketing material is also satisfactory in both the steam and liquid phase. The
material showed only weight gain and a shrinkage of 15% to 30% based on a superficial,
one flat side area. The gasket thickness decreased about 10%. The gasket material was
unrestrained during the exposure; therefore, the dimensional changes experienced are
greater than those which would result in the containment recirculation fan cooler (CRFC).
6.1.2.8.3

Polyvinyl Chloride Protective Coating

Tests were conducted to determine the stability of the polyvinyl chloride protective coating
used on the neutron detector aluminum conduit, Table 6.1-3, in the design-basis accident
environment. Samples of polyvinyl chloride exposed to alkaline sodium borate solutions at
design-basis accident conditions showed no loss in structural rigidity and no change in weight
or appearance.
A sample of polyvinyl-chloride-coated aluminum conduit (1 in. O.D. x 8 in. length) was
irradiated by means of a cobalt-60 source, at an average dose rate of 3.2 x 106 rad/hr to a
total accumulated dose of 9.1 x 107 rad. The specimen was immersed in alkaline sodium
borate solution (pH 10, 3000 ppm boron) at 70F. Visual examination of the coating after the
test showed no evidence of cracking, blistering, or peeling and the specimen appeared
completely unaffected by the gamma exposure. Chemical analysis of the test solution
indicated that some bond breakage had occurred in the polyvinyl chloride coating as
evidenced by an increase in the chloride concentration. The gamma exposure of
approximately 108 rad resulted in a release to the solution of 26 mg of chloride/ft2 of exposed
polyvinyl chloride surface.
Considering the total surface area of polyvinyl chloride coating present in containment
(approximately 500 ft2) and the emergency core cooling solution volume of 313,000 gal, the
chloride concentration increase in the emergency core cooling solution due to irradiation of
the coating, would be approximately 0.01 ppm.
It is concluded, therefore, that the polyvinyl chloride protective coating will be stable in the
design-basis accident environment. It should be pointed out, however, that no credit was
assumed for this coating in the determination of hydrogen buildup from aluminum corrosion
(Section 6.1.2.5). This is most conservative since the neutron detector conduit contributes
about 25% of the total calculated aluminum corrosion hydrogen inventory.
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6.1.2.8.4

Vinylcel Insulation

The inner surface of the containment building is insulated with panels of Vinylcel, a rigid
cross-linked polyvinyl chloride foam. The total weight of insulating foam in the containment
building is about 15,000 lb.
An analysis of the decomposition effects of Vinylcel insulation in a design-basis accident
environment was conducted by Wyle Laboratories, and a report was submitted to the NRC
(Reference 14).
It was concluded in the report that the only gas produced in more than trace quantities would
be hydrogen chloride. No hydrogen chloride would be expected until radiation levels exceed
5 x 106 rad. The postulated total integrated dose of 2 x 108 rad was assumed to result in the
release of all of the chloride content of the foam over a period of several weeks resulting in
about 4 metric tons of hydrogen chloride gas. The calculation indicated that this much
hydrogen-chloride gas would be effectively buffered to a pH of about 8.5 by the alkaline
sodium hydroxide additions to the containment spray system. The corrosion effects of dry
hydrogen-chloride gas were determined to be insignificant. Corrosion of the carbon-steel
containment liner could occur if aqueous hydrogen chloride contacts its surface; however, the
protective coating is a barrier to direct hydrogen chloride/carbon steel contact.
The corrosion effect of the 0.019-in. stainless steel facing that covers the containment liner
insulation was also considered by Wyle Laboratories (Reference 15). Some corrosion of the
stainless steel panels could occur within 1.4 months. This corrosion would not cause failure
of the panels, however. Panel failure due to corrosion could occur by one of two methods:
either the panel could corrode around the bolt area, or the bolts themselves could corrode.
Both of these cases were examined.
Using an assumption of long-term containment temperature of 150F, it was calculated that
through-wall panel corrosion around the bolts could occur at about 7.5 months. Sufficient
bolt corrosion to cause shear failure could occur at about 1.9 years. A more realistic estimate
of the long-term containment temperature would be about 100F. Using the resulting
extrapolated corrosion rate of about 13 mils/year i.e.,
would change these estimates to 1.46 years and 4.38 years, respectively. These estimates
show that potential panel failure would not be expected to occur for a long time following a
postulated loss-of-coolant accident.
At a time many months into the accident, the water in the containment would be quiescent.
Only a few hundred gallons per minute would be drawn through the sump for use in longterm postaccident recirculation. Any panels which might become detached from the
containment wall would simply sink to the floor. Since the sump is about 20 ft from the
containment wall and the panels are 44 in. by 84 in., they would not fall near the sump. There
would be no forcing mechanism to draw the panels toward the containment sump. Any
containment liner insulation which might become detached, being of very light material
(about 4 pcf and of low
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moisture absorptivity, would float. Therefore, RG&E does not believe that there is any
potential for sump clogging due to corrosion and detachment of the containment liner
insulation and facing.
6.1.2.9

Organic Materials Evaluation

The organic materials suitability for the postaccident environment was evaluated under SEP
Topic VI-1.1 (Reference 11). It was concluded that the organic materials used in the plant and
described in Sections 6.1.2.6 and 6.1.2.8 are acceptable and will not interfere with the
operation of engineered safety features under accident conditions, and that they will maintain
their integrity and remain in serviceable condition after exposure to the severe environmental
conditions of a design-basis accident. It was also concluded that insignificant quantities of
organic gases and hydrogen would be generated under these conditions.
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Table 6.1-1
REVIEW OF SOURCES OF VARIOUS ELEMENTS IN CONTAINMENT AND THEIR
EFFECTS ON MATERIALS OF CONSTRUCTION
Group Representative
Elements

Corrosivity of Elements

Sources of Elements

0

He, Ne, Kr, Xe

No effect on any materials of
construction

Fission product release

Ia

Li, Na, K

Generally corrosion
inhibitive properties for steels
and copper alloys; harmful to
aluminum

Li - coolant pH adjusting agent
Na - spray additive concrete leach
product
K - concrete leach product

II a

Mg, Ca, Sr, Ba

Generally not harmful to
steel or copper alloys

Concrete leach products deteriorated insulation

III a

Y, La, Ac

Not considered harmful in
low concentrations

Fission product release

IV a

Ti, Zr, Hf

Not considered harmful to
any materials

Fuel rod cladding, control rod
material, alloying constituent

Va

V, Nb, Ta

Not considered harmful to
any materials

Alloying constituents in low
concentration

VI a

Cr, Mo, W

Not considered harmful to
any materials

Alloying constituents in equipment

VII a

Mn, Tc, Re

Not considered harmful
constituent

Mn - alloy

VIII

Fe, Ni, Cr, Os

Fe, Ni, Cr not harmful to any
materials

Fe, Ni, Cr, alloy constituents others have no identifiable sources

Ib

Cu, Ag, Au

Not harmful to any materials

Cu present as material of
construction and alloying constituent

II b

Zn, Cd, Hg

Hg - harmful to stainless
steel, Cu alloys, aluminum
Zn - unknown
Cd - unknown

Hg has been entirely excluded from
use in the containment. Cd finish
plating on components.
Zn galvanizing and alloying
constituent.

III b

B, Al, Ga, In

Not harmful to materials

B - neutron poison additive
Al - materials of construction
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Group Representative
Elements

Corrosivity of Elements

Sources of Elements

IV b

C, Si, Sn, Pb

C, Si, Sn not harmful to
materials
Pb considered harmful to
nickel alloys

Si - concrete leach product
Pb - alloy constituent in some
brazes

Vb

N, P, As, Sb, Bi

No effect from N unless
ammonia is formed - others
unknown

N - containment air - others not
identified in significant materials
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Group Representative
Elements

Corrosivity of Elements

Sources of Elements

VI b

O, S, Se, Te

S possibly harmful to nickel
alloys

S - oils, greases, insulating materials
Te - fission product

VII b

F, Cl, Br, I

F considered potentially
harmful to Zircaloy
Cl potentially harmful to
stainless steel materials
Br and I not generally
harmful
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Table 6.1-2
MATERIALS OF CONSTRUCTION IN GINNA STATION CONTAINMENT
Material

Equipment Application

300 Series stainless steel

Reactor coolant system, residual heat removal loop, spray
system, reactor compartment coolers

400 Series stainless steel

Valve materials, lattice grid flat bars

AL-6XN stainless steel

Tubing for containment recirculation fan cooler (CRFC)
coils and CRFC motor coolers

Inconel (600, 718, 690)

Steam generator tubing, reactor vessel nozzles, core supports,
and fuel rod grids

Galvanized steel

Ventilation duct work, control rod drive mechanism shroud
material instrumentation and control conduit

Aluminum

See Table 6.1-3

Copper

CRFCs: coil fins and motor cooler fins; reactor compartment
coolers: Fins

Carbon steel

Component cooling loop, structural steel, main steam
piping, etc.

Monel

Possibly instrument housings

Brass

Possibly instrument housings

Polyvinyl chloride

Conduit sheathing, electrical insulation, containment liner
insulation

Protective coatings
Inorganic zincs
Epoxy
Modified phenolics

General use on carbon steel structures and equipment,
concrete

Phenyl formaldehyde resin

High efficiency filter binders in air handling system

Resorcinol formaldehyde resin

Moisture separator pad binders in air handling system

Gasketing and sealants

Ventilation duct work gasketing, containment liner insulation
sealant
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Table 6.1-3
INVENTORIES OF ALUMINUM INSIDE CONTAINMENT BUILDING
Item

Weight (lbs)

Areas (ft2)

foil

129

very high

angle

302

354

5

2

Flux map drive system

137

57

Nuclear instrumentation system

280

95

Rod Position Indicators

116

75

Miscellaneous valves

230

86

Control rod drive mechanism
connectors

117

26

Refueling machine

28

5

Equipment Hatch Job Crane

3

4.5

Roto-jet outlets

420

690

Canes air outlet

35

23

Damper operators

48

31

Lighting cables

350

400

Lighting fixtures

310

26

Hoffman Enclosure Covers

9

12

Neutron detector conduits

1000

497

Connectors

15

small

Transmitters, TRDs, indicators,
radiation monitors

132

38

Platform to Reactor Head

81

90

Ladder and Platform to CRD

57

45

Reactor Vessel insulation

CRDM Cooling Shroud Door Handles
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Table 6.1-4
CORROSION OF MATERIALS IN SODIUM BORATE SOLUTION
Maximum Observed Corrosion
Rate (ml/month)

Material

Carbon steel

0.003

Zircaloy-4

0.004

Inconel-718

0.003

Copper

0.015

90-10 Cu-Ni

0.02

70-30 Cu-Ni

0.006

Galvanized carbon steel

0.051

Brass

0.01
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Table 6.1-5
GINNA Post-LOCA CONTAINMENT TEMPERATURES
Temperature (F)

Time Interval (sec)
0

-

1,000

286

1,000

-

8,000

250

8,000

-

20,000

200

20,000

-

86,400

190

86,400

-

8,640,000

153a

(100 days)
a.

Note that final temperature is fixed at 153F in order to maintain the long-term corrosion rate of
aluminum at 200 mils/yr per USNRC Regulatory Guide 1.7.
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Table 6.1-6
CONCRETE SPECIMEN TEST DATA
Concrete Boron Test

Total
Exposure

Surface/
Volume

Exposed
Weight

Initial
Visual Examination
Specimen

Number

Period
(days)

(in.2 / gal)

Change
(grams)

Weight
(grams)

1

24

28

-22.4

560.0

No apparent change

3

28

20

+21.5

404.0

Light, yellowish deposit on
specimen

4a

72

38

0

641.2

5

72

43

-0.2

769.5

No apparent change, coating
adhesion excellent
Light, hard deposit on
specimen

6

4b

54

---

601.4

No apparent change, small
amount of sand particles in
test can

7

175

23

+11.0

457.0

No apparent change

8a

175

38

+26.5

751.0

9a

5b

78

+4.0

702.0

No apparent change, coating
adhesion excellent
No apparent change, coating
adhesion excellent

a.

These specimens coated with Phenoline 305. All others were uncoated.

b.

These tests were at high temperature design-basis accident transient conditions. All others at 195F to
205F.
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Table 6.1-7
EVALUATION OF SEALANT MATERIALS FOR USE IN THE CONTAINMENT
Sealant Type

Manufacturer

Post-test Appearance

Butyl rubber

A

Unchanged, somewhat flexible

Silicone

B

Unchanged, flexible

Silicone

B

Unchanged, flexible

Polyurethane

C

Sealant bubbled and became very soft. Solution
permeated into bubbles

Polyurethane

C

Sealant swelled and became soft, solution permeated into
material

Polyurethane

C

Sealant swelled, very soft and tacky, solution permeated
into material
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6.2

CONTAINMENT SYSTEMS

The containment systems include the containment system structure, the containment heat
removal systems, the containment isolation system, and the containment combustible gas
control system.
6.2.1

CONTAINMENT SYSTEM STRUCTURE

The reactor containment structure is a reinforced-concrete vertical right cylinder with a flat
base and a hemispherical dome. A welded steel liner is attached to the inside face of the
concrete shell to ensure a high degree of leaktightness.
The cylindrical reinforced-concrete walls are 3 ft 6 in. thick and the concrete hemispherical
dome is 2 ft 6 in. These thicknesses are established to satisfy the requirements of the
structural criteria as well as shielding requirements. These thicknesses are nominal values.
The true relevant engineering values are dependent on the specific location in the structure
and the loading condition that is present. The concrete base slab is 2 ft thick with an
additional thickness of concrete fill of 2 ft over the bottom liner plate. The containment
cylinder is founded on rock by means of post-tensioned rock anchors which ensure that the
rock then acts as an integral part of the containment structure. The cylinder wall is
prestressed vertically with 160 tendons which are coupled to the rock anchors.
Details on the containment structure design are given in Section 3.8.1.4.
6.2.1.1

Design Basis

The safety design basis for the containment is that the containment must withstand the
pressures and temperatures of the design-basis accident without exceeding the design leak rate.
In conjunction with the other containment systems and engineered safety features, the release
of radioactive material subsequent to a design-basis accident does not result in doses
exceeding the guideline values of 10 CFR 50.67. The containment is designed so that the
discharge of reactor coolant through a double-ended rupture of the main loop piping (referred
to as a loss-of-coolant accident or LOCA), followed by operation of only those engineered
safety features which can be run simultaneously with power from one emergency onsite diesel
generator (two high-head safety injection pumps, one residual heat removal pump, two
containment recirculation fan cooler (CRFC) units, and one containment spray pump), results
in a sufficiently low radioactive materials leakage from the containment structure so that
there is no undue risk to the health and safety of the public.
The reactor containment completely encloses the entire reactor and reactor coolant system
and ensures that an acceptable upper limit for leakage of radioactive materials to the
environment is not exceeded even if gross failure of the reactor coolant system occurs. The
structure provides biological shielding for both normal and accident situations.
Access to the containment structure during operation is provided by two containment air
locks, (i.e., an equipment hatch and personnel hatch). Each air lock is equipped with two
personnel access doors designed with an interlocked door opening feature. The containment
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air locks are leak testable at containment design pressure between the two doors. A single
control room alarm exists for the open status of any of the four access doors.
The maximum containment leak rate allowed by the Technical Specifications is 0.2 wt % per
day. This leakage rate ensures that public exposure in the event of a design-basis accident
will be maintained well below the 10 CFR 50.67 guidelines.
6.2.1.1.1
6.2.1.1.1.1

Principal Design Criteria
General

The following design criteria were used during the licensing of Ginna Station. They represent
the Atomic Industrial Forum (AIF) version of proposed criteria issued by the AEC for
comment on July 10, 1967 (see Section 3.1.1). Conformance with 1972 General Design
Criteria (GDC) of 10 CFR 50, Appendix A, is discussed in Section 3.1.2. The criteria
discussed in Section 3.1.2 as they apply to containment systems include 16, 36, 38, 39, 40,
41, 42, 43, 50, 51, 52, 53, 54, 55, 56, and 57. Evaluations performed since 1972 against these
GDC appear in the design evaluation sections for the containment systems.
6.2.1.1.1.2

Quality Standards

CRITERION: Those systems and components of reactor facilities which are essential to the
prevention, or the mitigation of the consequences, of nuclear accidents which
could cause undue risk to the health and safety of the public shall be identified
and then designed, fabricated, and erected to quality standards that reflect the
importance of the safety function to be performed. Where generally recognized
codes and standards pertaining to design, materials, fabrication, and inspection
are used, they shall be identified. Where adherence to such codes or standards
does not suffice to assure a quality product in keeping with the safety function,
they shall be supplemented or modified as necessary. Quality assurance
programs, test procedures, and inspection acceptance criteria to be used shall be
identified. An indication of the applicability of codes, standards, quality
assurance programs, test procedures and inspection acceptance criteria used is
required. Where such items are not covered by applicable codes and standards,
a showing of adequacy is required (AIF-GDC 1).
The containment system structure is of primary importance with respect to its safety function
in protecting the health and safety of the public.
Quality standards of material selection, design, fabrication, and inspection governing the
above features conforms to the applicable provisions of recognized codes and good nuclear
practice. The concrete structure of the reactor containment conforms to the applicable
portions of ACI-318-63. Further elaboration on quality standards of the reactor containment
is given in Section 3.8.1.
6.2.1.1.1.3

Performance Standards

CRITERION: Those systems and components of reactor facilities which are essential to the
prevention or to the mitigation of the consequences of nuclear accidents which
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could cause undue risk to the health and safety of the public shall be designed,
fabricated, and erected to performance standards that enable such systems and
components to withstand, without undue risk to the health and safety of the
public, the forces that might reasonably be imposed by the occurrence of an
extraordinary natural phenomenon such as earthquake, tornado, flooding
condition, high wind or heavy ice. The design bases so established shall reflect:
(a) appropriate consideration of the most severe of these natural phenomena that
have been officially recorded for the site and the surrounding area and (b) an
appropriate margin for withstanding forces greater than those recorded to reflect
uncertainties about the historical data and their suitability as a basis for design
(AIF-GDC 2).
All components and supporting structures of the reactor containment are designed so that
there is no loss of function of such equipment in the event of maximum potential ground
acceleration acting in the horizontal and vertical directions simultaneously. The dynamic
response of the structure to ground acceleration, based on the site characteristics and on the
structural damping, is included in the design analysis.
The reactor containment is defined as a Seismic Category I structure (see Section 3.8.1). Its
structural members have sufficient capacity to accept a combination of normal operating
loads, functional loads due to a loss-of-coolant accident (LOCA), and the loadings imposed
by the maximum potential earthquake, without exceeding specified stress limits.
6.2.1.1.1.4

Fire Protection

CRITERION: A reactor facility shall be designed to ensure that the probability of events such
as fires and explosions and the potential consequences of such events will not
result in undue risk to the health and safety of the public. Noncombustible and
fire resistant materials shall be used throughout the facility wherever necessary
to preclude such risk, particularly in areas containing critical portions of the
facility such as containment, control room, and components of engineered
safety features (AIF-GDC 3).
The reactor containment system is designed to maintain its capability in case of fire to safely
shut down and isolate the reactor.
The containment ventilation systems are operable from the control room. Smoke or heat
(ionization) detectors and control room alarms are provided for the post-accident charcoal
filter banks and auxiliary filter charcoal banks. The postaccident charcoal filters are not
required following a design-basis accident, however, manually actuated sprays are installed
in the event of a coincident beyond design-basis fire in the filters.
The containment liner thermal insulation does not support combustion.
6.2.1.1.1.5

Records Requirement

CRITERION: The reactor licensee shall be responsible for assuring the maintenance
throughout the life of the reactor of records of the design, fabrication, and
construction
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of major components of the plant essential to avoid undue risk to the health and
safety of the public (AIF-GDC 5).
Records of the design, fabrication, construction, and testing of the containment are
maintained throughout the duration of the facility operating license.
6.2.1.1.1.6

Reactor Containment

CRITERION: The containment structure shall be designed (a) to sustain without undue risk to
the health and safety of the public the initial effects of gross equipment failures,
such as a large reactor coolant pipe break, without loss of required integrity, and
(b) together with other engineered safety features as may be necessary, to retain
for as long as the situation requires, the functional capability of the containment
to the extent necessary to avoid undue risk to the health and safety of the public
(AIF-GDC 10).
The containment structure is a reinforced-concrete vertical cylinder with vertical prestressed
tendons in the vertical wall, a reinforced-concrete ring anchored to bedrock, and a reinforced
hemispherical dome. See Section 3.8.1.
The design pressure of the containment exceeds the peak pressure occurring as the result of
the complete blowdown of the reactor coolant through any rupture of the reactor coolant
system up to and including a loss-of-coolant accident (LOCA) as well as a postulated main
steam line break.
The containment structure and all penetrations are designed to withstand, within design
limits, the combined loadings of the design-basis accident and design seismic conditions.
All piping systems which penetrate the containment are anchored in the penetration sleeve or
the structural concrete of the Containment Building. The penetrations for the main steam,
feedwater, blowdown, and sample lines are designed so that the penetration is stronger than
the piping system and the containment will not be breached due to a postulated pipe rupture.
The liner thickness in the vicinity of typical penetrations is increased to a minimum of 3/4 in.
A typical analysis of a penetration including the liner to sleeve connection is given in Section
3.8.1.5. The pipe capacity in flexure is assumed to be limited to the plastic moment capacity
based upon the ultimate strength of the pipe material. All lines connected to the primary
coolant system that penetrate the containment are also anchored in the secondary shield walls
(i.e., walls surrounding the steam generators and reactor coolant pumps) and are each
provided with at least one valve between the anchor and the reactor coolant system. These
anchors are designed to withstand the thrust, moment, and torque resulting from a postulated
rupture of the attached pipe.
All containment isolation valves are supported to withstand, without impairment of valve
operability, the combined loadings of the design-basis accident and design and maximum
potential seismic conditions.
The design pressure is not exceeded during any subsequent long-term pressure transient
determined by the combined effects of heat sources, such as residual heat and metal-water
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reactions, with minimum operation of the emergency core cooling and the containment
recirculation fan cooling and containment spray systems.
6.2.1.1.1.7

Reactor Containment Design Basis

CRITERION: The reactor containment structure, including openings and penetrations, and any
necessary containment heat removal systems, shall be designed so that the
leakage of radioactive materials from the containment structure under
conditions of pressure and temperature resulting from the largest credible
energy release following a loss-of-coolant accident, including the calculated
energy from metal-water or other chemical reactions that could occur as a
consequence of failure of any single active component in the Emergency Core
Cooling System (ECCS) will not result in undue risk to the health and safety of
the public (AIF-GDC 49).
The following general criteria are used to ensure conservatism in computing the required
structural load capacity:
a. In calculating the containment pressure, rupture sizes up to and including a double-ended
severance of a reactor coolant pipe (i.e., LOCA) or main steam line are considered.
b. In considering post-accident pressure effects, various malfunctions of the emergency
systems are evaluated consistent with the single failure criteria.
c. The pressure and temperature loadings obtained by analyzing various accidents, when
combined with operating loads and maximum wind or seismic forces, do not exceed the
load-carrying capacity of the structure, its access opening, or penetrations.
6.2.1.1.1.8

Nil Ductility Transition Requirement for Containment Material

CRITERION: The selection and use of containment materials shall be in accordance with
applicable engineering codes (AIF-GDC 50).
The selection and use of containment materials comply with the applicable codes and
standards tabulated in Section 3.8.1.2.5.
The concrete containment is not susceptible to a low temperature brittle fracture.
The containment liner is enclosed within the containment and thus is not exposed to the
outside temperature extremes. The containment average ambient temperature during
operation is between 50F and 125F. The minimum service metal temperature of the
containment liner is well above the nil ductility transition temperature +30F for the liner
material. Containment penetrations which can be exposed to the environment are also
designed to the nil ductility transition +30F criterion.
6.2.1.1.2

Supplementary Accident Criteria

Systems relied upon to operate under post-accident conditions, which are located external to
the containment and communicate directly with the containment atmosphere, are considered
to be extensions of the leakage-limiting boundary.
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The pressure-retaining components of the containment structure are designed for the
maximum potential earthquake ground motion of the site combined with the simultaneous
loads of the design-basis accident as follows:
A. The liner is designed to ensure that no average strains greater than the strain at the guaranteed
yield point occur at the factored loads. The structural integrity of the liner is discussed in
Sections 3.8.1.4.7 and 3.8.2.3. The liner will maintain its leaktight integrity under postulated
pressure and thermal loads created by a LOCA or a main steam line break (see Section
3.8.2.3).
B. The prestressed concrete is designed on the basis of a resultant concrete compression or
zero tension due to primary and secondary membrane forces resulting from the factored
loads.
C. The mild steel reinforcement is designed to ensure that no strains greater than the strain at
the guaranteed yield point occur at the factored loads.
The pressure-retaining components of containment subject to deterioration or corrosion in
service are provided with appropriate protective means or devices, e.g., protective coatings.
6.2.1.1.3

Energy and Material Release

The design pressure is not exceeded during any subsequent long-term pressure transient
determined by the combined effects of heat sources such as residual heat and metal-water
reactions, structural heat sinks, and the operation of other engineered safety features. The
containment functional design evaluation is discussed in the sections that follow.
6.2.1.2
6.2.1.2.1
6.2.1.2.1.1

Containment Integrity Evaluation
Systematic Evaluation Program (SEP) Evaluation
Introduction

As part of the Systematic Evaluation Program (SEP), the containment functional design
capability was reevaluated. The evaluation performed by the NRC compared Ginna Station
with the criteria used in the early 1980s by the regulatory staff for licensing new facilities.
Specifically, the areas reevaluated were (1) the containment pressure and heat removal
capability and (2) the mass and energy release from possible pipe breaks inside containment.
The review criteria used in the evaluation are contained in the following documents:
a. 10 CFR 50, Appendix A, General Design Criteria.
GDC 16 - Containment Design.
GDC 38 - Containment Heat Removal.
GDC 50 - Containment Design Basis.
b. 10 CFR 50.46, Acceptance Criteria for Emergency Core Cooling System (ECCS).
c. 10 CFR 50, Appendix K, Emergency Core Cooling System (ECCS) Evaluation Models.
d. NUREG 75/087, Standard Review Plan, Section 6.2.1, Containment Functional Design.
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The review of the containment analysis as described in the original FSAR indicated two
differences from the criteria used at that time. First, for the LOCA analysis, the cold-leg
pump suction break location, the core reflood phase of mass and energy release, and the
release of secondary system energy were not considered. Second, the main steam line break
analysis was not performed in detail.
6.2.1.2.1.2

NRC Analyses

To assess the significance of these two differences, the NRC performed independent LOCA
and main steam line break analyses. It was concluded (Reference 1), overall, that in the
original LOCA analysis the design-basis pressure envelopes the NRC results, and the designbasis temperature profile exceeds the NRC results, except in the range between 10,00020,000 seconds after the design-basis event. In this range, the design-basis temperature
profile was revised for the purposes of environmental qualification of equipment (see Section
3.11.3.1.1). Regarding the main steam line break analysis, the NRC concluded that the
calculated peak containment pressure is less than the containment design pressure and the
temperature profile as revised for the LOCA case was acceptable for use in equipment
qualifications.
6.2.1.2.1.3

Summary

Along with the SEP evaluations of the containment functional design, the response to
concerns raised by IE Bulletin 80-04 was also evaluated. The concerns related to continued
addition of water to the affected steam generator in the event of a main steam line break and
the possibility of containment over-pressurization. The NRC concluded (Reference 2) that
there is no potential for over-pressurization resulting from a main steam line break at Ginna
because (1) the main feedwater system is automatically isolated and the preferred auxiliary
feedwater system limits flow to the affected steam generator, (2) the motor driven auxiliary
feedwater pumps (MDAFW) are protected from the effects of runout flow and therefore can
be expected to carry out their intended function during a main steam line break event, and (3)
all potential water sources are identified and, although a reactor return-to-power is predicted,
there is no violation of the specified acceptable fuel design limits.
6.2.1.2.2
6.2.1.2.2.1

Mass and Energy Release Safety Analysis
Loss-of-Coolant (LOCA) Mass and Energy Releases

The uncontrolled release of pressurized high-temperature reactor coolant, termed a loss-ofcoolant accident (LOCA), will result in release of steam and water into the containment.
This, in turn, will result in increases in the local subcompartment pressures, and an increase in
the global containment pressure and temperature. There are both long and short-term issues
relative to a postulated LOCA transient that must be considered for a complete containment
integrity analysis for the R. E. Ginna Power Station.
The containment long-term LOCA mass and energy releases, addressed in this section are
utilized as input to the containment analysis (see subsection 6.2.1.2.6). The containment
analysis demonstrates the acceptability of the containment safeguards systems to mitigate
the consequences of a hypothetical large-break LOCA (LBLOCA) the long-term LOCA
mass and energy releases were analyzed to 30 days and used as input to the containment
integrity analysis. The containment safeguards systems must be capable of limiting the peak
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containment pressure to less than the design pressure, and maintaining the Environmental
Qualification (EQ) conditions within acceptable limits. The long-term LOCA mass and
energy releases analyzed for Ginna are comprised of two parts. The Westinghouse LOCA
mass and energy release evaluation model described in Reference 47 is used for the
blowdown, reflood and post-reflood phases out to 3600 seconds, i.e., the time at which all
energy in the primary heat structures and steam generator secondary is assumed to be
released / depressurized to atmospheric pressure, (i.e., 14.7 psia and 212F). Then the longterm post-one-hour releases (boil-off from the core at the decay heating rate) are calculated
by the GOTHIC code. The long-term post-one-hour mass and energy release was optimized
to reduce conservatism in the long-term containment temperature calculation. GOTHIC was
used to calculate the mass and energy boil-off rate, via interactive iteration on the calculated
Residual Heat Removal (RHR) heat exchanger conditions. The pre-3600-second and post3600 second mass and energy releases were inputs to the containment integrity analysis
(discussed in UFSAR Section 6.2.1.2.6, Long-Term LOCA Containment Response).
The short-term LOCA-related mass and energy releases were used as input to the
subcompartment analyses. Those analyses were performed to ensure that the walls of a
subcompartment can maintain their structural integrity during the short pressure pulse
(generally less than 3 seconds) accompanying a high-energy line pipe rupture within that
subcompartment. Short-term mass and energy release calculations are performed to support
analysis of reactor coolant loop (RCL) compartments (Section 6.2.1.3.2), the concrete around
and under the reactor vessel (Section 6.2.1.3.4), and the concrete structures around the steam
generator (Section 6.2.1.3.4). Since Ginna is approved for leak-before-break (LBB), the LBB
methodology was used to qualitatively demonstrate that any changes associated with the EPU
are off-set by the LBB benefit (i.e., of using the smaller reactor coolant system (RCS) nozzle
breaks). This demonstrates that the current licensing bases for these subcompartments remain
bounding. The critical mass flux correlation utilized in the SATAN computer program
(Reference 48) was used to conservatively estimate the impact of the changes in RCS
temperatures on the short-term release. The evaluation showed that the design basis releases
would remain bounding due to LBB. Section 6.2.1.3, Short-Term LOCA Mass and Energy
Releases, discusses the short-term LOCA mass and energy releases generated for the EPU
program relative to Section 6.2.1.3, Evaluation of Containment Internal Structures.
Loss-of-Coolant (LOCA) Long-Term Mass and Energy Releases
This section discusses the long-term LOCA mass and energy releases generated for the Ginna
EPU program. The long-term LOCA mass and energy releases rates described in this section
form the basis of further computations to evaluate the containment response (containment
integrity peak pressure and the long-term containment temperature calculations) in support of
the environmental equipment qualification (EQ) analysis following the postulated LOCA
(UFSAR Section 6.2.1.2.6) and to ensure that containment design margin is maintained.
Long-Term LOCA mass and energy releases for the hypothetical double-ended pump suction
(DEPS) rupture with minimum and maximum safeguards are discussed in this section. The
double-ended hot (DEHL) rupture break case mass and energy release which is limiting for
the blowdown portion of the LOCA transient (approximately < 16 seconds) is also discussed.
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The EPU analyses were performed using the Westinghouse LOCA Mass and Energy Release
Model for Containment Design, March 1979 Version, described in WCAP-10325-P-A
(Reference 47). The NRC review and approval letter is included with Reference 47. This
methodology has been used and approved on many plant-specific dockets. The application of
LOCA mass and energy release methodologies is appropriate to produce mass and energy
release for the long-term containment EQ environmental conditions (Reference 49). UFSAR
Section 6.2.1.2.6, Long-Term LOCA Containment Response, discusses containment
integrity/ response analysis relative to containment peak pressure, temperature, long-term
containment temperature and containment heat removal. The model as re-run for Reference
60 incorporated corrections identified in Reference 62.
6.2.1.2.2.2

Input Parameters and Assumptions

The mass and energy release analysis is sensitive to the characteristics of various plant
systems, in addition to other key modeling assumptions. Where appropriate, bounding inputs
are utilized and instrumentation uncertainties are included. For example, the RCS operating
temperatures are chosen to bound the highest average coolant temperature range of all
operating cases and a temperature uncertainty allowance of (+4.0F) is then added. Nominal
parameters are used in certain instances. For example, the RCS pressure in this analysis is
based on a nominal value of 2250 psia plus an uncertainty allowance (+60.0 psi).
All input parameters are chosen consistent with accepted analysis methodology. Some of the
most critical items are the RCS initial conditions, core decay heat, safety injection flow, and
primary and secondary metal mass and steam generator heat release modeling. Tables 6.2-1
through 6.2-4 present key data assumed in the analysis.
The core rated power of 1811 MWt adjusted for calorimetric error (i.e., 102% of 1775 MWt)
was used in the analysis. As previously noted, the use of RCS operating temperatures to
bound the highest average coolant temperature range were used as bounding analysis
conditions. The use of higher temperatures is conservative because the initial fluid energy is
based on coolant temperatures that are at the maximum levels attained in steady-state
operation. Additionally, an allowance to account for instrument error and deadband is
reflected in the initial RCS temperatures. As previously discussed, the selection of 2310 psia
(2250 psia nominal value + 60 psi uncertainty allowance) as the limiting pressure is
considered to affect the blowdown phase results only, since this represents the initial
pressure of the RCS. The RCS rapidly depressurizes from this value until the point at which
it equilibrates with containment pressure.
The rate at which the RCS blows down is initially more severe at the higher RCS pressure.
Additionally, the RCS has a higher fluid density at the higher pressure (assuming a constant
temperature) and subsequently has a higher RCS mass available for releases. Thus, 2250 psia
plus uncertainty was selected for the initial pressure as the limiting case for the long-term
mass and energy release calculations.
The selection of the fuel design features for the long-term mass and energy release calculation
is based on the need to conservatively maximize the energy stored in the fuel at the beginning
of the postulated accident (that is, to maximize the core-stored energy). The core-stored
energy that was selected for the 14x14 422V+ fuel product bounds the core-stored energy for
the 14x14 optimized fuel assembly (OFA) fuel product and also the transition core. The corePage 35 of 285
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stored energy is based on the time in life for maximum fuel densification. The assumptions
used to calculate the fuel temperatures for the core-stored energy calculations account for
appropriate uncertainties associated with the models in the PAD code (such as calibration of
the thermal model, pellet densification model, or clad creep model). In addition, the fuel
temperatures for the core-stored energy calculation account for appropriate uncertainties
associated with manufacturing tolerances (such as pellet as-built density). The total
uncertainty for fuel temperature calculation is a statistical combination of these effects and is
dependent upon fuel type, power level, and burnup. Thus, the analysis very conservatively
accounts for the stored energy in the core.
The nominal RCS volume is increased by 3 percent, (which is composed of 1.6-percent
allowance for thermal expansion and 1.4-percent allowance for uncertainty) for the LOCA
mass and energy release calculation. This assumption helps maximize the initial RCS mass
and energy.
A uniform steam generator tube plugging (SGTP) level of zero percent (0%) was modeled.
This assumption maximizes the reactor coolant volume and fluid release by considering the
RCS fluid in all steam generator (SG) tubes. During the post-blowdown period, the steam
generators are active heat sources, as significant energy remains in the secondary metal and
secondary mass that has the potential to be transferred to the primary side. The zero percent
SGTP assumption maximizes the heat transfer area and therefore, the transfer of secondary
heat across the SG tubes. Additionally, this assumption reduces the reactor coolant loop
resistance, which reduces the pressure drop (i.e., P) upstream of the break for the pump
suction breaks and increases break flow. Thus, the analysis very conservatively accounts for
the effects related to SGTP.
The secondary-to-primary heat transfer is maximized by assuming conservative heat transfer
coefficients. This conservative energy transfer is ensured by maximizing the initial internal
energy of the inventory in the steam generator secondary side. This internal energy is based
on full-power operation plus uncertainties. The BWI replacement SG initial fluid mass was
calculated at full power (100%), based on the nominal SG level of 52% Narrow Range Span
(NRS), with an uncertainty of +8% NRS (+4% uncertainty plus a +4% bias), and then further
increased by 10% to cover uncertainties.
Following the large break LOCA blowdown inside containment, the safety injection system
(SIS) operates to reflood the RCS. Regarding safety injection flow, the mass and energy
release calculation considered configurations, component failures, and offsite power
assumptions to conservatively bound respective alignments. The first phase of the SIS
operation is the passive accumulator injection. Two accumulators are assumed available to
inject. When the RCS depressurizes below 714.7 psia the accumulators begin to inject. The
accumulator injection temperature was conservatively modeled high at 125F. Relative to
the active pumped emergency core cooling system (ECCS) operation, the M&E release
calculation considered configurations, component failures, and offsite power assumptions to
conservatively bound respective alignments. The cases include a minimum safeguards case
(two high-head SI (HHSI) pumps and one low-head SI (LHSI pump, see Table 6.2-2), and a
maximum safeguards case, (three HHSI pumps and two LHSI pumps, see Table 6.2-3). In
addition, the containment backpressure is assumed to be equal to the containment design
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pressure. This assumption was shown in Reference 47 to be conservative for the generation of
M&E energy releases.
Since the minimum safeguards case was the most limiting, only the results for this case will
be presented herein. In summary, the following assumptions were employed to ensure that
the mass and energy releases are conservatively calculated, thereby maximizing energy
release to containment:
1. The nominal RCS volume is increased by 3 percent (1.6-percent allowance for thermal
expansion, and 1.4-percent allowance for uncertainty).
2. The reactor is assumed to be operating at full core power of 1811 MWt; which includes an
allowance for calorimetric error of 2.0 percent of power.
3. Core-stored energy is based on the time in life for maximum fuel densification. The
assumptions used to calculate the fuel temperatures for the core-stored energy calculation
account for appropriate uncertainties associated with the models in the PAD code (e.g.,
calibration of the thermal model, pellet densification model, cladding creep model, etc.)
(Reference 53). In addition, the fuel temperatures for the core-stored energy calculation
account for appropriate uncertainties associated with manufacturing tolerances (e.g., pellet
as-built density). The total uncertainty for the fuel temperature calculation is a statistical
combination of these effects and is dependent upon fuel type, power level, and burn-up.
4. The RCS is assumed to be at the maximum expected full power operating temperature and
an allowance for temperature measurement uncertainty (+4.0F) is added. These
uncertainties conservatively include both deadband and bias.
5. The RCS is assumed to be at the nominal RCS pressure and an allowance for pressure
measurement uncertainty (+60 psi) is added.
6. Conservatively high heat transfer coefficients (i.e., steam generator primary/secondary heat
transfer, and RCS metal heat transfer) are modeled.
7. A maximum containment backpressure equal to design pressure (60.0 psig). This
assumption determines the end of the blowdown phase and minimizes the safety injection
flow rate during the reflood phase.
8. A uniform SGTP level of 0% is assumed. This assumption:
•

Maximizes reactor coolant volume and fluid release,

•

Maximizes heat transfer area across the SG tubes,

•

Reduces reactor coolant loop resistance, which reduces the P upstream of the break
for the pump suction breaks and increase break flow

9. The SG initial fluid mass was calculated at full power (100%), and then further increased
by 10% to cover uncertainties.
10. Main feedwater addition is modeled. The feedwater control valve closure time is based on
time to reach the safety injection (SI) signal, plus electronic delay and valve stroke time.
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Thus, based on the previously discussed conditions and assumptions, an analysis of the Ginna
Station was performed for the release of mass and energy from the RCS in the event of a large
break LOCA at 1811 MWt core power.
Decay Heat Model
The American Nuclear Society (ANS) Standard 5.1 (Reference 50) has been used for the
determination of decay heat energy in the LOCA M&E release model for the Ginna EPU
Program. This standard was balloted by the Nuclear Power Plant Standards Committee
(NUP-PSCO) in October 1978 and subsequently approved. The official standard was issued
in August 1979. Table 6.2-4 lists the decay heat curve used in the Ginna EPU Program M&E
release analysis. Significant assumptions in the generation of the decay heat curve for use in
the LOCA M&E release analysis include the following:
•

The decay heat sources considered are fission product decay and heavy element decay of
U-239 and Np-239.

•

The decay heat power from fissioning isotopes other than U-235 is assumed to be identical
to that of U-235.

•

The fission rate is constant over the operating history of maximum power level.

•

The factor accounting for neutron capture in fission products has been taken from
Reference 50.

•

The fuel has been assumed to be at full power for 108 seconds.

•

The total recoverable energy associated with one fission has been assumed to be 200 MeV/
fission.

•

Two sigma uncertainty (two times the standard deviation) has been applied to the fission
product decay.

Based upon NRC staff review, Safety Evaluation Report of the March 1979 evaluation model,
use of the ANS Standard 5.1 (Reference 50) decay heat model was approved for the calculation
of mass and energy releases to the containment following a LOCA.
Application of Single-Failure Criterion
The mass and energy release calculation assumes a complete loss of all offsite power
coincident with the LOCA. The emergency diesel generators (EDGs) are actuated to provide
power for the safety injection system. The combination of signal delay plus diesel delay and
additional delays (i.e., electronic delays) subsequently delays the operation of the safety
injection system (SIS) that is required to mitigate the transient, and results in the delivery of
safety injection (SI) after the end of blowdown. Since none of the powered safety systems
were assumed to be operational during the initial blowdown phase, this is not an issue for the
blow-down phase, thus application of single-failure criteria would not impact the DEHL break
(See subsection 6.2.1.2.2.3).
Two cases have been analyzed to assess the effects of a single failure. The first case assumes
a single failure of one of the emergency diesel generators, resulting in the loss of one train of
safeguards equipment. This assumption results in the loss of one train of safeguards
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equipment. Thus, the remaining train was conservatively modeled as: two HHSI pumps and
one LHSI pump. The second case assumed the single failure in the containment spray system
i.e. with a maximum safeguards SI flow based on no postulated failures that could impact the
amount of ECCS flow. The maximum safeguards case was modeled as: three HHSI pumps
and two LHSI pumps. The analysis of the cases described provided confidence that the
effect of credible single failures is bounded. Only the results of the first case are presented
since it is the most limiting.
Acceptance Criteria
Although Ginna is not a Standard Review Plan (SRP) plant, for completeness, the SRP longterm cooling criterion is also examined. A large LOCA is classified as an ANS Condition IV
event, an infrequent fault. To satisfy the NRC acceptance criteria presented in the SRP Section
6.2.1.3, the relevant requirements are as follows:
•

10CFR50, Appendix A

•

10CFR50, Appendix K, paragraph I.A

To meet these requirements, the following must be addressed:
•

Sources of energy

•

Break size and location

•

Calculation of each phase of the accident

6.2.1.2.2.3

Description of Analyses

The evaluation model used for the long-term LOCA mass and energy release calculations is
the March 1979 model described in WCAP-10325-P-A (Reference 47). This evaluation
model has been reviewed and approved generically by the Nuclear Regulatory Commission
(NRC). The approval letter is included with Reference 47.
This report section presents the long-term LOCA M&E releases generated in support of the
Ginna EPU program. These M&E releases were used in the containment integrity analysis
and environmental qualification temperature evaluation (Section 6.2.1.2.6, Long-Term
LOCA Containment Response). Even though this is a first-time application for the R. E.
Ginna Station, the March 1979 model described in Reference 47 has been utilized and
approved on the plant-specific dockets for other Westinghouse pressurized water reactors
(PWRs).
The M&E release rates described in this section form the basis of further computations to
evaluate the containment following the postulated accident. Discussed in this section are the
long-term LOCA M&E releases for the hypothetical double-ended pump suction (DEPS)
rupture cases considering both minimum safeguards, and maximum safeguards and also the
DEHL rupture case. The DEPS break cases were analyzed with two service water pumps in
operation. Only the results for the limiting peak pressure case and the limiting long-term EQ
case are presented. The M&E releases and applicable transient data for the limiting case is
shown in Tables 6.2-5 through 6.2-15.
Page 39 of 285

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

LOCA Mass and Energy Release Phases
The containment system receives mass and energy releases following a postulated rupture in
the RCS. These releases continue over a time period, which, for the LOCA mass and energy
analysis, is typically divided into four phases:
•

Blowdown - the period of time from accident initiation (when the reactor is at steady-state
operation) to the time that the RCS and containment reach an equilibrium state.

•

Refill - the period of time when the lower plenum is being filled by accumulator and
Emergency Core Cooling System (ECCS) water. At the end of blowdown, a large amount
of water remains in the cold legs, downcomer, and lower plenum. To conservatively
consider the refill period for the purpose of containment mass and energy releases, it is
assumed that this water is instantaneously transferred to the lower plenum along with
sufficient accumulator water to completely fill the lower plenum. This allows an
uninterrupted release of mass and energy to containment. Thus, the refill period is
conservatively neglected in the mass and energy release calculation.

•

Reflood - begins when the water from the lower plenum enters the core and ends when the
core is completely quenched.

•

Post-reflood (Froth) - describes the period following the reflood phase. For the pump
suction break, a two-phase mixture exits the core, passes through the hot legs, and is
super-heated in the steam generators prior to exiting the break as steam. After the broken
loop steam generator cools, the break flow becomes two phase.

Computer Codes
The Reference 47 mass and energy release evaluation model is comprised of mass and energy
release versions of the following codes: SATAN VI, WREFLOOD, FROTH, and EPITOME.
These codes were used to calculate the long term LOCA mass and energy releases for the
Ginna Extended Power Uprate Program.
SATAN VI calculates blowdown, the first portion of the thermal-hydraulic transient
following break initiation, including pressure, enthalpy, density, mass and energy flow
rates, and energy transfer between primary and secondary systems as a function of time.
The WREFLOOD code addresses the portion of the LOCA transient where the core
reflooding phase occurs after the primary coolant system has depressurized (blowdown) due
to the loss of water through the break and when water supplied by the ECCS refills the
reactor vessel and provides cooling to the core. The most important feature of WREFLOOD
is the steam/water mixing model, discussed in subsection 6.2.1.2.2.4.
FROTH models the post-reflood portion of the transient. The FROTH code calculates the
heat release from the energy stored in the secondary fluid and metal masses, excluding the
upper internals and upper elliptical head. This part of the steam generator metal mass is not
actively cooled by the two-phase fluid circulating through the steam generators and takes
longer to cooldown.
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EPITOME continues the FROTH post-reflood portion of the transient from the time at which
the secondary equilibrates to containment design pressure to the end of the transient. It also
compiles a summary of data on the entire transient, including formal instantaneous mass and
energy release tables and mass and energy balance tables with data at critical times.
Break Size and Location
Generic studies (Reference 46, Chapter 3) have been performed to determine the effect of
postulated break size on the LOCA mass and energy releases. The double-ended guillotine
break has been found to be limiting due to larger mass flow rates during the blowdown phase
of the transient. During the reflood and froth phases, the break size has little effect on the
releases.
Three distinct locations in the reactor coolant system can be postulated for a pipe rupture for
mass and energy release purposes:
•

Hot leg (between vessel and steam generator)

•

Cold leg (between pump and vessel)

•

Pump suction (between steam generator and pump)

The double ended hot leg (DEHL) break location yields the highest blowdown mass and
energy release rates (Reference 46, Section 3.3). Although the core flooding rate would be
the highest for this break location, the amount of energy released from the steam generator
secondary is minimal because the majority of the fluid that exits the core vents directly to
containment bypassing the steam generators. As a result, the reflood mass and energy
releases are reduced significantly as compared to either the pump suction or cold-leg break
locations where the core exit mixture must pass through the steam generators before venting
through the break. Generic studies have confirmed that there is no reflood peak (i.e., from the
end of the blowdown period the containment pressure would continually decrease) for the hot
leg break. The mass and energy releases for the blowdown phase of the hot-leg break are
calculated and used in the containment peak pressure and temperature response calculation.
Therefore, with respect to long-term heat removal the hot leg break is not limiting and no
further evaluation is necessary.
Studies have determined that the blowdown transient for the double-ended cold leg (DECL)
break is, in general, less limiting than that for the pump suction break (Reference 46, Section
3.3). The cold leg blowdown is faster than that of the pump suction break, and more mass is
released into the containment. However, the core heat transfer is greatly reduced, and this
results in a considerably lower energy release into containment. The flooding rate during the
reflood phase is greatly reduced, and the energy release rate into the containment is reduced.
Therefore, the cold leg break is bounded by other breaks and no further evaluation is
necessary.
The pump suction break combines the effects of the relatively high core flooding rate, as in
the hot leg break, and the addition of the stored energy in the steam generators. As a result,
the pump suction break yields the highest energy flow rates during the post-blowdown period
by including all of the available energy of the RCS in calculating the releases to containment.
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Therefore, the break locations that were analyzed for this program were the DEPS rupture
(10.48 ft2) and the DEHL rupture (9.174 ft2). LOCA mass and energy releases have been
calculated for the blowdown, reflood, and post-reflood phases for the DEPS cases. For the
DEHL case, the releases were calculated only for the blowdown phase with this methodology.
6.2.1.2.2.4

Mass and Energy Release Data

Blowdown Mass and Energy Release Data
The SATAN-VI code is used for computing the blowdown transient. The code utilizes the
control volume (element or nodal) approach with the capability for modeling a large variety
of plant specific thermal fluid system configurations. The fluid properties are considered
uniform, and thermodynamic equilibrium is assumed in each element. A point kinetics
model is used with weighted feedback effects. The major feedback effects include moderator
density, moderator temperature, and Doppler broadening. A critical flow calculation for
subcooled (modified Zaloudek), two-phase (Moody), or superheated break flow is
incorporated into the analysis. The methodology for the use of this model is described in
Reference 47.
Table 6.2-5 presents the calculated mass and energy release for the blowdown phase of the
DEHL break. For the hot leg break mass and energy release tables, break path 1 refers to the
mass and energy exiting from the reactor vessel side of the break; and break path 2 refers to
the mass and energy exiting from the steam generator side of the break.
Table 6.2-8 presents the calculated mass and energy releases for the blowdown phase of the
DEPS break with minimum safeguard. For the pump suction breaks, break path 1 in the mass
and energy release tables refers to the mass and energy exiting from the steam generator side
of the break; and break path 2 refers to the mass and energy exiting from the pump side of the
break.
Reflood Mass and Energy Release Data
The WREFLOOD code is used for computing the reflood transient. The WREFLOOD code
consists of two basic hydraulic models - one for the contents of the reactor vessel and one for
the coolant loops. The two models are coupled through the interchange of the boundary
conditions applied at the vessel outlet nozzles and at the top of the downcomer. Additional
transient phenomena, such as pumped safety injection and accumulators, reactor coolant
pump performance, and steam generator releases are included as auxiliary equations that
interact with the basic models as required. The WREFLOOD code permits the capability to
calculate variations during the core reflooding transient of basic parameters such as core
flooding rate, core and downcomer water levels, fluid thermodynamic conditions (pressure,
enthalpy, density) throughout the primary system, and mass flow rates through the primary
system. The code permits hydraulic modeling of the two flow paths available for discharging
steam and entrained water from the core to the break, that is, the path through the broken
loop and the path through the unbroken loops.
A complete thermal equilibrium mixing condition for the steam and ECCS injection water
during the reflood phase has been assumed for each loop receiving ECCS water. This is
consistent with the usage and application of the (Reference 47) M&E release evaluation model
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in recent analyses, for example, D. C. Cook Docket Unit 1 (Reference 51). Even though the
Reference 47 model credits steam/water mixing only in the intact loop and not in the broken
loop, the justification, applicability, and NRC approval for using the mixing model in the
broken loop has been documented (Reference 51). Moreover, this assumption is supported by
test data and is further discussed below.
The model assumes a complete mixing condition (i.e., thermal equilibrium) for the steam/
water interaction. The complete mixing process, however, is made up of two distinct physical
processes. The first is a two-phase interaction with condensation of steam by cold ECCS
water. The second is a single-phase mixing of condensate and ECCS water. Since the steam
release is the most important influence to the containment pressure transient, the steam
condensation part of the mixing process is the only part that need be considered. (Any
spillage directly heats only the sump.)
The most applicable steam/water mixing test data have been reviewed for validation of the
containment integrity reflood steam/water mixing model. This data was generated in 1/3
scale tests (Reference 52), which are the largest scale data available and thus most clearly
simulates the flow regimes and gravitational effects that would occur in a pressurized water
reactor (PWR). These tests were designed specifically to study the steam/water interaction
for PWR reflood conditions.
A group of 1/3 scale steam/water mixing tests discussed in Reference 52 corresponds directly
to containment integrity reflood conditions. The injection flow rates for this group cover all
phases and mixing conditions calculated during the reflood transient. The data from these
tests were reviewed and discussed in detail in Reference 47. For all of these tests, the data
clearly indicate the occurrence of very effective mixing with rapid steam condensation. The
mixing model used in the containment integrity reflood calculation is, therefore, wholly
supported by the 1/3 scale steam/water mixing data.
Additionally, the following justification is also noted. The post-blowdown limiting break for
the containment integrity peak pressure analysis is the pump suction double-ended rupture
break. For this break, there are two flow paths available in the RCS by which mass and
energy may be released to containment. One is through the outlet of the steam generator, the
other via reverse flow through the reactor coolant pump. Steam that is not condensed by
ECCS injection in the intact RCS loops passes around the downcomer and through the broken
loop cold leg and pump in venting to containment. This steam also encounters ECCS
injection water as it passes through the broken loop cold leg, complete mixing occurs and a
portion of it is condensed. It is this portion of steam that is condensed that is taken credit for
in this analysis. This assumption is justified based upon the postulated break location, and
the actual physical presence of the ECCS injection nozzle. A description of the test and test
results are contained in References 47 and 51.
Table 6.2-9 presents the calculated mass and energy releases for the reflood phase of the
double ended pump suction rupture with minimum safeguards.
The transient responses of the principal parameters during reflood are given in Table 6.2-10
for the DEPS minimum safeguards case.
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Post-Reflood Mass and Energy Release Data
The FROTH code (References 47 and 48) is used for computing the post-reflood transient. The
FROTH code calculates the heat release rates resulting from a two-phase mixture present in the
steam generator tubes. The mass and energy releases that occur during this phase are typically
superheated due to the depressurization and equilibration of the broken loop and intact loop
steam generators. During this phase of the transient, the RCS has equilibrated with the
containment pressure. However, the steam generators contain a secondary inventory at an
enthalpy that is much higher than the primary side. Therefore, there is a significant amount of
reverse heat transfer that occurs. Steam is produced in the core due to core decay heat. For a
pump suction break, a two-phase fluid exits the core, flows through the hot legs, and becomes
superheated as it passes through the steam generator. Once the broken loop cools, the break
flow becomes two-phase. During the FROTH calculation, ECCS injection is addressed for both
the injection phase and the recirculation phase. The FROTH code calculation stops when the
secondary side equilibrates to the saturation temperature (Tsat) at the containment design
pressure. After this point, the EPITOME code completes the steam generator depressurization.
The methodology for the use of this model is described in Reference 47. (See subsections
6.2.1.2.2.4 and 6.2.1.2.2.5 for additional information.) The mass and energy release rates are
calculated by FROTH and EPITOME until the time of containment depressurization. After
containment depressurization (14.7 psia), the mass and energy release available to containment
is generated directly from core boil-off/decay heat.
Table 6.2-11 presents the two-phase post-reflood mass and energy release data for the
minimum safeguards pump suction double ended break case.
Post-Reflood Mass and Energy Release Data-Steam Generator Equilibrium and
Depressurization
Steam generator equilibration and depressurization is the process by which secondary-side
energy is removed from the steam generators in stages. The FROTH computer code calculates
the heat removal from the secondary mass until the secondary temperature is the saturation
temperature (Tsat) at the containment design pressure. After the FROTH calculations, the
EPITOME code continues the FROTH calculation for steam generator cooldown removing
steam generator secondary energy at different rates (i.e., first and second-stage rates).
The first-stage rate is applied until the steam generator reaches Tsat at the user specified
intermediate equilibration pressure, when the secondary pressure is assumed to reach the actual
containment pressure. Then the second-stage rate is used until the final depressurization, when
the secondary reaches the Reference temperature of Tsat at 14.7 psia, or 212F. The heat
removal of the broken loop and intact loop steam generators are calculated separately.
During the FROTH calculations, steam generator heat removal rates are calculated using the secondary

side temperature, primary side temperature and a secondary side heat transfer coefficient
determined using a modified McAdams correlation. Steam generator energy is removed during the
FROTH transient until the secondary side temperature reaches saturation temperature at the
containment design pressure. The constant heat removal rate used during the first heat removal
stage is based on the final heat removal rate calculated by FROTH. The steam generator energy
available to be released during the first stage interval is determined by
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calculating the difference in secondary energy available at the containment design pressure
and that at the (lower) user specified intermediate equilibration pressure, assuming saturated
conditions. The intermediate equilibrium pressures are chosen as discussed in Reference 47,
Section 2.3 and 3.3. This energy is then divided by the first stage energy removal rate,
resulting in an intermediate equilibration time. At this time, the rate of energy release drops
substantially to the second stage rate. The second stage rate is determined as the fraction of
the difference in secondary energy available between the intermediate equilibration and final
depressurization at 212F, and the time difference from the time of the intermediate
equilibration to the user-specified time of the final depressurization at 212F. With current
methodology, all of the secondary energy remaining after the intermediate equilibration is
conservatively assumed to be released by imposing a mandatory cooldown and subsequent
depressurization down to atmospheric pressure at 3600 seconds, i.e., 14.7 psia and 212F
(labeled as "Available Energy").
6.2.1.2.2.5

Long-Term Mass and Energy Releases

The long-term post-one-hour mass and energy releases (boil-off from core at the decay
heating rate) are performed through user defined input functions in the GOTHIC code. This
method of determining the long-term mass and energy releases is consistent with past
application of Westinghouse methodology. See subsection 6.2.1.2.6 for discussion of longterm mass and energy calculations.
Sources of mass and Energy
The sources of mass considered in the LOCA mass and energy release are given in Tables
6.2-6 and 6.2-12. The sources are:
•

The RCS water

•

Accumulator water (two accumulators injecting)

•

Pumped safety injection water

The energy inventories considered in the LOCA mass and energy release analysis are
presented in Tables 6.2-7 and 6.2-13. The energy sources are listed below:
•

Reactor coolant system water

•

Accumulator water (two accumulators injecting)

•

Pumped safety injection water

•

Decay heat

•

Core-stored energy

•

Reactor coolant system metal (includes the reactor vessel and internals, hot and cold leg
piping, steam generator inlet and outlet plenums, and steam generator tubes)

•

Steam generator metal (includes transition cone, shell, wrapper, and other internals)

•

Steam generator secondary energy (includes fluid mass and steam mass)
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•

Secondary transfer of energy (feedwater into and steam out of the steam generator
secondary; feedwater coastdown due to closure of the flow control valve)

The analysis used the following energy reference points:
•

Available energy:

212F; 14.7 psia (energy available that could be released)

•

Total energy content:

32F; 14.7 psia (total internal energy of the RCS)

The mass and energy inventories are presented at the following times, as appropriate:
•

Time zero (initial conditions)

•

End of blowdown time

•

End of refill time

•

End of reflood time

•

Time of broken loop steam generator equilibration to pressure setpoint

•

Time of intact loop steam generator equilibration to pressure setpoint

•

Time of full depressurization (3600 seconds)

The energy release from the zirc-water reaction is considered as part of the Reference 47
methodology. Based on the way that the energy in the fuel is conservatively released to the
vessel fluid, the fuel cladding temperature does not increase to the point where the zirc-water
reaction is significant. This is in contrast to the 10CFR50.46 analyses, which are biased to
calculate high fuel-rod-cladding temperatures and therefore a non-significant zirc-water
reaction. For the LOCA M&E calculation, the energy created by the zirc-water reaction
value is small and is not explicitly provided in the energy balance tables. The energy that is
determined is part of the M&E releases, and is therefore already included in the LOCA M&E
release.
The sequence of events for the LOCA transients are shown in Tables 6.2.1-20, 6.2.1-21, and
6.2.1-22 (for the DEHL and DEPS minimum, and maximum safeguards cases, respectively).
6.2.1.2.2.6

Long-Term LOCA Containment Response

The evaluation of the design basis LOCA event relative containment peak pressure and
temperature response was completed to demonstrate the acceptability of the containment heat
removal system to mitigate the consequences of a LOCA inside containment and to support
the EPU program operation. This evaluation is documented in the subsections below.
The containment response analysis demonstrates the acceptability of the containment heat
removal systems to mitigate the consequence of a large LOCA inside containment. The
impact of LOCA M&E releases on the containment pressure and temperature are addressed to
assure that the containment pressure and temperature remain below their respective design
limits. The systems must also be capable of maintaining the Environmental Qualification
(EQ) parameters to within acceptable limits at the EPU program conditions.
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The Ginna LOCA containment response analysis considered a spectrum of cases as discussed
in Section 6.2.1.2.2.1, Loss-of-Coolant (LOCA) Long-Term Mass and Energy Releases. The
cases address break location, and postulated single failure. Only the limiting cases, which
address the containment peak pressure case and limiting long-term EQ case, are presented
herein.
Calculation of the containment response following a postulated LOCA was analyzed by use
of the digital computer code GOTHIC. GOTHIC version 7.2 was used for the LOCA
containment response analysis. The GOTHIC Technical Manual (Reference 54) provides a
description of the governing equations, constitutive models, and solution methods in the
solver. The GOTHIC Qualifications Report (Reference 55) provides a comparison of the
solver results with both analytical solutions and experimental data.
The GOTHIC containment modeling for Ginna is consistent with the recent NRC approved
Kewaunee evaluation model (Reference 56). The latest code version is used to take
advantage of the diffusion layer model (DLM) heat transfer option. This heat transfer option
was approved by the NRC (Reference 57) for use in Kewaunee containment analyses with the
condition that mist be excluded from what was earlier termed as the mist diffusion layer
model (MDLM). The GOTHIC containment modeling for GINNA has followed the
conditions of acceptance placed on Kewaunee. Kewaunee and Ginna both have large dry
containment designs with similar sized containment volumes and active heat removal
capabilities. The differences in GOTHIC code versions are documented in Appendix A of the
GOTHIC User Manual Release Notes (Reference 57). Version 7.2 is used consistent with the
restrictions identified in Reference 56; none of the user-controlled enhancements added to
version 7.2 were implemented in the Ginna containment model. A description of the Ginna
GOTHIC model are provided in Section 6.2.1.2.2.6, Description of the LOCA GOTHIC
Containment Model.
Accident Description
A break in the primary RCS piping causes a loss-of-coolant, which results in a rapid release
of mass and energy to the containment atmosphere. Typically, the blowdown phase for the
large LOCA events is over in less than 30 seconds. This large and rapid release of highenergy, two-phase fluid causes a rapid increase in the containment pressure, which results in
the actuation of the containment recirculation fan coolers and containment spray systems.
The RCS accumulators begin to refill the lower plenum and downcomer of the reactor vessel
with water after the end of blowdown. The reflood phase begins after the vessel fluid level
reaches the bottom of the fuel. During this phase, the core is quenched with water from both
the accumulators and pumped SI. The quenching process creates a large amount of steam and
entrained water that is released to containment through the break. This two-phase mixture
would have to pass through the steam generators and also absorb energy from the secondary
side coolant if the break were located in the cold leg or pump suction piping.
The LOCA mass and energy release decreases with time as the system cools. Core decay heat
is removed by nucleate boiling after the reflood phase is complete. The core fluid level is
maintained by pumping water back into the vessel from either the SI or sump recirculation
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system. The containment heat removal systems continue to condense steam and slowly
reduce the containment pressure and temperature over time.
Input Parameters, Assumptions, and Acceptance Criteria
The major modeling input parameters and assumptions used in the Ginna containment
evaluation model for the LOCA event are identified in this section. The assumed initial
conditions and input assumptions associated with the fan coolers and containment sprays are
listed in Table 6.2-16. The containment recirculation fan cooler (CRFC) heat removal
capability data used is presented in Table 6.2-17. The primary function of the residual heat
removal system (RHR) is to remove heat from the core by way of the emergency core cooling
system (ECCS). The recirculation system alignment is outlined in Table 6.2-18. The
containment structural heat sink input is provided in Table 6.2-19, and the corresponding
material properties are listed in Table 6.2-20.
The LOCA containment analysis described herein utilized input and assumptions in support
the Ginna EPU program, while addressing analytical conservatisms. The following
summarized assumptions are areas where known differences exist between the SEP licensing
analysis and the EPU Program containment integrity analysis.
1. All exposed concrete and carbon steel surfaces areas are conservatively assumed to have an
overcoat and primer coatings (reduces heat transfer through heat sink).
2. To simulate the gap between insulation, steel and concrete, a thin air gap was modeled
between these layers.
3. For the GOTHIC LOCA model, all of the sump heat sinks (3, 4, 5, 6 and 7) are considered
to be submerged. The UFSAR model assumed the basement floor as submerged with the
sump wall split between liquid and vapor. The conductors assumed submerged are
essentially insulated from the vapor after the pools develop.
4. The containment initial pressure was assumed to be 15.7 psia for the EPU program.
5. Non-condensable accumulator gas addition is modeled in the EPU Program model.
6. Current Ginna calculations support a containment high-high pressure setpoint for
containment spray pump initiation of 32.5 psig. The analysis value modeled was 33.5 psig
to provide more margin for instrument uncertainty.
7. A sump recirculation model i.e., modeling coupled residual and component cooling heat
exchangers, and service water piping was developed for the EPU Program.
The major assumptions made in the containment response analysis are listed below:
•

The LOCA mass and energy release input to the containment model is described in Section
6.2.1.2.2.1, Loss-of-Coolant (LOCA) Mass and Energy Releases.

•

Homogeneous mixing is assumed. The steam-air mixture and the water phases each have
uniform properties. More specifically, thermal equilibrium between the air and the steam is
assumed. However, this does not imply thermal equilibrium between the steam-air mixture
and the water phase.
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•

Air is taken as an ideal gas, while compressed water and steam tables are employed for
water and steam thermo-dynamic properties.

•

For the blowdown portion of the LOCA analysis, the discharge flow separates into steam
and water phases at the breakpoint. The saturated water phase is at the total containment
pressure, while the steam phase is at the partial pressure of the steam in the containment.
Steam and water releases are input separately for the post-blowdown portion of the LOCA
analysis.

•

The Tsat at the partial pressure of the steam is used for heat transfer to the heat sinks and the
fan coolers.

Design Basis Accident
The Ginna LOCA containment response analysis considered a spectrum of cases as discussed
in Section 6.2.1.2.2.1, Loss-of-Coolant (LOCA) Long-Term Mass and Energy Releases. The
cases address break location, and postulated single failure (minimum and maximum
safeguards). Only the limiting cases, which address the containment peak pressure case and
limiting long-term EQ case, are presented herein. The LOCA pressure and temperature
response analyses were performed assuming a loss of offsite power and a worst single failure
(loss-of-one emergency diesel generator (EDG) that is, loss-of-one containment cooling
train).
The limiting minimum safeguards case was based on a diesel train failure (loss of one cooling
train) i.e., the active heat removal is:
•

One containment spray pump, injection-phase only

•

Two CRFCs

•

One RHR pump and heat exchanger (HX)

•

One component cooling water pump and two CCW HXs

•

Two service water pumps

The calculation for the double-ended pump suction (DEPS) case was performed for a 30-day
transient in support of EQ. The sequence of events for the containment peak pressure case, a
double-ended hot leg break (DEHL) and the DEPS (EQ transient) is shown in Tables 6.2-21
and 6.2-22, respectively.
The Ginna GOTHIC containment evaluation model consists of a single-lumped parameter
node; the DLM heat and mass transfer option is used.
Acceptance Criteria
The containment response for design basis LOCA containment integrity is an ANS Condition
IV event, an infrequent fault. The relevant requirements to satisfy Nuclear Regulatory
Commission acceptance criteria are as follows:
•

GDC-16 and 50: In order to satisfy the requirement of GDC-16 and 50, the peak calculated
containment pressure should be less than the containment design pressure of 60 psig.
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•

GDC-38: In order to satisfy the requirement of GDC-38, the calculated pressure at 24
hours should be less than 50% of the peak calculated value. (This is related to the criteria
for containment leakage assumptions as affecting doses at 24 hours.)

Note that although Ginna is not a SRP plant, for completeness, the SRP long-term cooling
criterion is also examined
>The containment design pressure for Ginna is 60 psig. The containment design temperature
is 286F.
6.2.1.2.2.7

Description of the LOCA GOTHIC Containment Model

Noding Structure
The Ginna GOTHIC containment evaluation model for the LOCA event consisted of one
volume. Additional boundary conditions, volumes, flow paths, and components are used to
model accumulator nitrogen release and sump recirculation. Injection of accumulator
nitrogen during a LOCA event is modeled by a boundary condition. The recirculation system
model uses GOTHIC component models for the RHR and CCW HXs and the CCW pumps.
Recirculation flow from the sump is modeled using a boundary condition.
Volume Input
GOTHIC requires the volume, height, diameter, and elevation input values for each node. The
containment is modeled as a single control volume in the containment model. The minimum
free volume of 1,000,000 ft3 was used. The height, diameter, and elevation input values are
not important for this single-volume containment model, so standard values of 100 feet, 10
feet, and 0 feet were used respectively.
A conservatively calculated pool surface area is used to model interfacial heat and mass
transfer to liquid pools on the various floor surfaces inside containment. The conductors
representing the floors are essentially insulated from the vapor after the pools develop;
however, there can still be condensation or evaporation from the surface of the liquid pools.
The pool area input value represents the sum of the three-floor conductor surface area (3, 4, 5,
6, and 7) from Table 6.2-19. Using this method to model the interfacial heat and mass transfer
between the pools and the atmosphere was previously approved by the NRC for the
Kewaunee containment design basis accident (DBA) and equipment qualification analyses
(Reference 54).
The LOCA containment response model input values for the RHR and CCW system's
volume, height, diameter, and elevation are not important for modeling the sump temperature
response after recirculation. Values of 50 feet, 35.0 feet, 10.0 feet, and 0 feet, respectively
were used; the model is not sensitive to these representative input values.
Initial Conditions
The containment initial conditions are listed below:
•

Pressure:

15.7 psia

•

Relative Humidity:

20%
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•

Temperature:

125F

The LOCA containment response model contains volumes representing the RHR and the
CCW system. The RHR system volumes were initially filled with water (125F) at
containment pressure (15.7 psia). The CCW system volumes in the LOCA containment
response model were initially filled with water (85F), but at a higher pressure of 60 psia.
The CCW surge tank was modeled as a boundary node at a constant pressure.
Flow Paths
Flow paths connect the boundary conditions to the containment volume. The flow rate is
specified by the boundary condition, so most of the flow path input is not important.
Standard values are used for the area, hydraulic diameter, friction length, and inertia length of
the flow path. Since this is a single volume model, the elevation of the break flow paths is
arbitrarily set to 50 feet and the elevation of the spray flow paths is arbitrarily set to 90 feet.
Flow boundary conditions model the LOCA break flow to the containment. The boundary
conditions are linked to functions that define the mass and energy of the break flow. The
boundary conditions are connected to the containment control volume via flow paths.
The containment spray is also modeled as a boundary condition which is connected to the
containment control volume via a flow path.
Heat Sinks
The heat sinks in the containment are modeled as GOTHIC thermal conductors. The heat
sink data is based on conservatively low surface areas and is summarized in Table 6.2-19.
A thin air gap is assumed to exist between the steel and concrete for steel-jacketed heat sinks.
A gap conductance of 10 Btu/hr/ft2/F is assumed between steel and concrete. A gap of 20
Btu/hr/ft2/F is assumed for the minimum gap conductance between layers of insulation and
steel or concrete. The gap width is determined by dividing the gap thermal conductivity by
the gap conductance.
The volumetric heat capacity and thermal conductivity for the heat sink materials is
summarized in Table 6.2-20. The specific heat value was calculated based on the volumetric
heat capacity.
Heat and Mass Transfer Correlations
GOTHIC has a number of heat transfer coefficient options that can be used for containment
analyses.
The direct heat transfer coefficient set is used, along with the Diffusion Layer Model (DLM)
mass transfer correlation, for all of the heat sinks inside containment. This heat transfer
methodology was reviewed and approved for use in the Kewaunee containment DBA
analyses (Reference 56). The DLM correlation does not require the user to specify a
revaporization input value, as was done in previous analyses using the Uchida correlation.
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The direct heat transfer coefficient set is used for the heat sinks representing floors. The
submerged conductors are essentially insulated for the vapor after the pool develops.
Insulated surfaces are modeled with a constant (0.0 Btu/hr-ft2/F)
Modeling Sump Recirculation
The calculated containment peak pressure and temperature occur long before the transfer to
sump recirculation. However, a sump recirculation model consisting of simplified RHR and
CCW system models, was added to the Ginna containment model to calculate the long-term
LOCA containment pressure and temperature response.
The recirculation system is actuated after a low RWST level signal. The RHR heat exchanger
cools the water from the containment sump. The RHR system injects the cooled water into
the RCS to cool the core. The RHR heat exchanger is cooled with CCW water and service
water provides the ultimate heat sink, cooling the CCW heat exchangers.
Boundary Conditions
LOCA Mass and Energy Release
The LOCA mass and energy release methodology generates the releases from both sides of
the break (or two flow paths: mass and energy exiting from the vessel side of the break; and
mass and energy exiting from the steam generator side of the break). The LOCA transient
M&E releases are calculated as separate flow paths (for the first 3,600 seconds) and input to
the GOTHIC containment model via boundary conditions. The break mass and enthalpy are
input to the containment model through forcing functions on flow boundary conditions. The
M&E releases from the boundary conditions are analyzed for Ginna out to 3,600 seconds i.e.,
time at which all energy in the primary heat structures and steam generator secondary system
is assumed to be released/depressurized to atmospheric pressure, (i.e., 14.7 psia and 212F).
Section 6.2.1.2.2.1, Loss-of-Coolant (LOCA) Long-Term Mass and Energy Releases,
describes the LOCA long-term M&E release methodology (Reference 47). The boundary
conditions are linked to functions that define the mass break flow and the enthalpy of the
break flow.
The SG secondary metal mass above the water level of the secondary side is assumed to
transfer to containment over a 24-hour period. This change was made as part of the
containment temperature increase from 120°F to 125°F (Reference 60).
The liquid portion of the break flow is release as drops with an assumed diameter of 100
microns (0.00394 in). This is consistent with the methodology approved for Kewaunee
(Reference 56) and is based on data presented in Reference 58.
The long-term post-one-hour mass and release (boil-off from the core at the decay heating
rate) calculations are performed through user defined functions by GOTHIC. These input
functions are used to incorporate the sump water cooling in the long term and are consistent
with the Westinghouse methodology previously approved by the NRC. After primary system
and secondary system energy have been released (depressurized to atmospheric pressure,
(i.e., 14.7 psia and 212F), the M&E release to the containment is assumed to be from longterm steaming of decay heat. A flow boundary condition is defined to provide the long-term
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boil-off M&E release to containment. The mass flow rate and enthalpy of the flow is
calculated using GOTHIC control variables.
The long-term boil-off calculation used the American Nuclear Society (ANS) Standard 5.1
decay heat model (+2uncertainty) for the determination of long-term boil-off from core
(Reference 50). Table 6.2-4 lists the decay heat curve used. This assumption is consistent
with the long-term M&E methodology documented in Reference 47.
Containment Recirculation Fan Coolers
The containment fan coolers are modeled with a cooler component. There are two trains of
containment safeguards available, with two fan coolers per train. Consistent with the
application of single-failure criterion presented in Section 6.2.1.2.2.2. The inherent
assumption is that offsite power is lost with the pipe rupture. This results in the actuation of
the EDGs, powering the two trains of safeguards equipment. Operation of the EDG delays
the operation of the safeguards equipment that is required to mitigate the transient.
Two cases have been analyzed to assess the effects of a single failure. The first case assumes
minimum safeguards based on the postulated single failure of an EDG. This assumption
results in the loss-of-one train of safeguards equipment. Thus, the remaining equipment is
conservatively modeled as: two CRFCs and one containment spray pump. The other case
assumes maximum safeguards, which assumes both EDGs are available. With the maximum
safeguards case the limiting single failure assumption postulated is the failure of one
containment spray pump. The analysis of the cases described provides confidence that the
effect of credible single failures is bounded.
The fan coolers in the containment evaluation model are modeled to actuate on the
containment high pressure setpoint with a biased high uncertainty, (6 psig), and begin
removing heat from containment after a specified 44-second delay. The heat removal rate
per containment fan cooler is given as a function of containment steam saturation temperature
and is presented in Table 6.2-17. The heat removal rate is read into a GOTHIC function and
a multiplier, based on the number of fan coolers running is used to calculate the heat
removal rate from containment.
Containment Spray System
The containment spray is modeled with a boundary condition. As previously identified in the
fan cooler modeling discussion, Ginna has two trains of containment safeguards available,
with one spray pump per train. Consistent with the application of single-failure criterion
presented in Section 6.2.1.2.2.2. The inherent assumption is that offsite power is lost with the
pipe rupture. This results in the actuation of the EDG, powering the two trains of safeguards
equipment. Operation of the EDG delays the operation of the safeguards equipment that is
required to mitigate the transient.
Relative to single failure criterion with respect to a LOCA event, one spray pump is
considered inoperable, whether due to an EDG failure (minimum safeguards case) or as the
limiting single failure in the maximum safeguards case.
The containment spray is modeled to actuate on the containment high-high pressure setpoint
with a biased high uncertainty (33.5 psig) and to begin injecting 104F water after a specified
28.5 second delay. The containment spray flow versus containment pressure is listed in Table
6.2-16 per spray pump in the injection
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phase. The spray flowrate is modeled in GOTHIC as a function of time and containment
pressure. The containment spray is credited only during the injection phase of the transient
and is terminated during the transition to sump recirculation (i.e., at 2652 seconds).
Accumulator Nitrogen Gas Modeling
The accumulator nitrogen gas release is modeled with a flow boundary condition in the
LOCA containment model. The nitrogen release rate was conservatively calculated by
maximizing the mass available to be injected. The nitrogen gas release rate was used as
input for the GOTHIC function, as a specified rate over a fixed time period. Nitrogen gas was
released at a rate of 212.3 lbm/seconds, beginning at 44.17 seconds (average accumulator
tank water volume empty time) and ending at 64.17 seconds.
6.2.1.2.2.8

Results

The containment pressure, steam temperature, and water (sump) temperature profiles for the
DEHL case (peak pressure case) are shown in Figures 6.2-1 through 6.2-3. Table 6.2-21
provides the transient sequence of events for the DEHL transient. The results of the DEPS
(long-term EQ transient) are shown in Figures 6.2-4 through 6.2-6. Table 6.2-22 presents
sequence of events for the DEPS transient. Table 6.2-23 provides the containment pressure
and temperature results relative to peak containment conditions and also at 24 hours for EQ
support and the acceptance limits for these parameters.
A review of the results presented in Table 6.2-23, shows that the analysis margin (analysis
margin is the difference between the calculated peak pressure and temperature and the
acceptance limits) is maintained. From the containment response analysis, performed in
support of the Ginna EPU program, the containment peak pressure and temperature is 55.42
psig and 285.0F.
As indicated in Table 6.2-23, the peak temperature @ 24 hours of 161.0F exceeds the
acceptance limit of 152F for a short time. The impact of the 24-hour peak temperature
exceeding the acceptance criteria on equipment qualification is evaluated in Section 6.1.2.1.2.
LOCA Containment Response Transient Description Double Ended Pump Suction
Break with Minimum Safeguards
This analysis assumes a loss of offsite power coincidence with a double-ended rupture of the
RCS piping between the steam generator outlet and the RCS pump inlet (suction). The
associated single-failure assumption is the failure of a diesel generator to start resulting in
one train of ECCS and containment safeguards equipment being available. The containment
heat removal systems that are assumed available are one RHR heat exchanger, two CCW
heat exchangers, one containment spray pump (injection phase), and two containment
recirculation fan coolers. Further loss of offsite power delays the actuation times of the
safeguards equipment due to the time required for diesel startup after receipt of the safety
injection signal.
The postulated RCS break results in a rapid release of mass and energy to the containment
with a resultant rapid increase in both the containment pressure and temperature. This rapid
rise in containment pressure actuates the containment HIGH pressure signal at 0.39 seconds
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and a containment HIGH-HIGH pressure signal at 4.21 seconds. The containment pressure
continues to rise rapidly in response to the release of mass and energy, reaching the blowdown peak pressure of 50.57 psig at 13.01 seconds. The end of blowdown marks a time
when the initial inventory in the RCS has been exhausted and a slow process of filling the
RCS downcomer in preparation for reflood has begun. Since the mass and energy release
during this period is low, pressure continues to decrease slightly. At approximately 44.98
seconds the accumulators have emptied, and the pressure increases in response to the loss of
steam condensation in the RCS loops and the introduction of the accumulator nitrogen gas to
containment out to a second peak which occurred at 70.06 seconds.
During this period the containment spray (32.79 seconds) and containment recirculation fan
coolers (44.4 seconds) have also started and are removing heat. Reflood continues at a
reduced flooding rate due to the buildup of mass in the RCS core, which offsets the
downcomer head. This reduction in flooding rate and the continued action of the
containment recirculation fan coolers and the containment injection spray leads to a slowly
decreasing containment pressure out to the end of reflood, which occurs at 226.08 seconds.
At this juncture, by design of (Reference 47) mass and energy release evaluation model,
energy removal from the steam generator secondary side begins at a very high rate, resulting
in a rise in containment pressure from 226.08 seconds out to 1,220 seconds when the
ultimate peak pressure of 55.42 psig is reached. Energy continues to be removed from the
secondary side of the broken loop and intact loop steam generators until the secondary
temperature is the saturation temperature (Tsat) at the containment design pressure. This
point is reached at 1,131.10 and 1,228.63 seconds for the broken loop and intact loop steam
generators, respectively. Energy removal from the secondary side of the steam generators
continues by way of intermediate pressure equilibration stages until the final
depressurization, when the secondary reaches the mandatory reference temperature of Tsat at
14.7 psia, and 212F, at 3,600 seconds. The heat removal of the broken loop and intact loop
steam generators are calculated separately. The intermediate equilibration stages are met at
1,226.51 seconds for the broken loop steam generator and 1,331.55 seconds for the intact
loop steam generator. After the peak containment pressure is reached and during the steam
generator depressurization period, the mass and energy release is reduced since the large
energy removal has been accomplished. Containment pressure slowly decreases until the
initiation of sump recirculation at 2,652 seconds. At this time, the emergency core cooling
system (ECCS) is realigned for sump recirculation resulting in an increase in safety injection
temperature (due to the delivery from the hot sump and a reduction in steam condensation).
Also at 2,652 seconds the containment injection phase spray is terminated from the refueling
water storage tank. Without crediting recirculation spray, the containment pressure and
temperature will begin to increase out to approximately 3,600 seconds. At this time, the
energy removal from the two operating containment recirculation fan coolers exceeds the
energy release and the pressure and temperature turnaround. This trend continues to the end
of the transient at 2.592E+6 seconds.
The LOCA containment response analysis has been performed as part of the EPU program
for Ginna. As illustrated in the Section 6.2.1.2.2.8, Results, all cases were well below the
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containment acceptance limits of 60 psig and 286°F. In addition, the long-term DEPS case
was well below 50% of the peak containment pressure value within 24 hours. Based on the
results, all applicable SRP criteria have been met.
6.2.1.2.3

Secondary System Pipe Break Analysis

The limiting steam line break and containment response is documented in Reference 44.
Several combinations of initial power level, single failures, and availability of offsite power
were analyzed to determine the limiting combination of initial conditions and limiting steam
line break is for a 1.4 sq. ft. break from 70% power with offsite power available and a failure
of a vital bus.
The analysis of a steam line break inside containment is performed to demonstrate that peak
containment pressure is less than the design pressure of 60.0 psig. The analysis performed
here shows that the design pressure is not violated for any steam line break inside
containment.
6.2.1.2.3.1

Event Analysis

A comprehensive set of break sizes, initial power levels, single failure assumptions, and offsite
power availability was considered so that there is reasonable assurance that the limiting cases
have been covered. Historically, 130 cases were evaluated (Ref. 3, 21, and 42).
The single failures considered in the analysis have been selected based upon their potential
for increasing the amount of mass and energy released into containment and for reducing the
amount of heat removed from containment (containment recirculation fan coolers (CRFCs)
and containment spray). Postulated failures were:
•

Feedwater control system failure

•

Auxiliary feedwater throttle valve failure

•

Vital bus failure

•

One diesel generator failure to start

6.2.1.2.3.2

Protective Features

The primary design features which provide protection for steam ruptures are:
A. Safety injection system actuation from any of the following:
1.

Two-out-of-three pressurizer low-pressure signals.

2.

Two-out-of-three low-pressure signals in any steam line.

3.

Two-out-of-three high containment pressure signals.

B. If the reactor trip breakers are closed, reactor trip may be actuated from a power range
neutron flux high trip, overpower delta T signal, or upon actuation of the safety injection
system.
Redundant isolation of the main feedwater lines. Following a safety injection signal all
main feedwater regulating valves, MFRV valves, main feedwater bypass valves and main
feedwater isolation valves (MFIVs) are rapidly closed, and the main feedwater (MFW)
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pumps tripped. Opening of the main feedwater (MFW) pump breakers also generates a
signal to close the main feedwater pump discharge valves (MFPDV).
C. Trip of the fast-acting, main steam isolation valves (MSIVs) which are designed to close in
less than 5 seconds with no flow on the following signals:
1.

Two-out-of-three high-high containment pressure signals.

2.

One out of the two high-high steam flow signals in a steam line in coincidence with
any safety injection signal.

3.

One out of the two high steam flow signals in a steam line in coincidence with two out
of four indications of low reactor coolant average temperature and any safety injection
signal.

Each steam line has a fast-closing main steam isolation valve (MSIV) and a non-return check
valve. These four valves prevent blowdown of more than one steam generator for any break
location.
The protective functions credited in the limiting case steam line break are SI caused by low
steamline pressure and reactor trip caused by SI actuation.
6.2.1.2.3.3

Single Failures Assumed

The worst single failure for the limiting steam line break (1.4 sq. ft. break, 70% power, no
loss of offsite power) that pressurizes containment is the failure of a vital bus that powers one
safeguard train. The active heat removal from the containment is reduced by the loss of 1
train of fan coolers and one containment spray pump. One train of safety injection is also
lost.
6.2.1.2.3.4

Operator Actions Assumed

The operator action assumed in the analysis is that the operator isolates auxiliary feedwater
(AFW) to the faulted steam generator within 10 minutes from the initiation of the break.
6.2.1.2.3.5

Chronological Description of Event

The event starts with a steam line break inside containment. For the limiting steam line
break, containment pressure rapidly increases. The non-return check valve on the faulted
steam generator closes preventing blowdown of the intact steam generator. The low steamline pressure setpoint is reached starting safety injection (SI) and causing a reactor trip. The
main feedwater (MFW) pumps trip from the safety injection (SI) signal and start to coast
down. The main feedwater regulating valve (MFRV) on the faulted steam generator closes.
The containment recirculation fan coolers (CRFCs) start to remove heat from containment
and the auxiliary feedwater (AFW) pumps start. The reduction in steam generator pressure
causes the feedline to flash adding additional mass and energy into containment. The highhigh containment pressure setpoint is reached causing containment spray to start. At ten
minutes, auxiliary feedwater (AFW) is isolated.
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6.2.1.2.3.6

Impact on Fission Product Barriers

This analysis demonstrates that a steam line break inside containment does not exceed the
containment design limits. Therefore, the containment remains available as a fission product
barrier for breaks inside containment.
6.2.1.2.3.7

Reactor Core and Plant System Evaluation

The analysis for a steam line break inside containment is performed in two parts. The first
part of the analysis involves the calculation of mass and energy releases. The second part of
the analysis uses the mass and energy releases to calculate the containment pressure response.
The RETRAN code is used to calculate the mass and energy releases. Any assumption that
controls the amount of mass which is contained in or added to the faulted steam generator
during the transient is an important assumption. This includes the initial steam generator
mass assumption and the main and auxiliary feedwater flow rate assumption. The initial
steam generator masses are modeled conservatively high for the faulted and intact SG. Since
initial steam generator was in the intact SG has essentially no impact on peak containment
pressure.
Main feedwater (MFW) flow rates are modeled as a function of steam generator pressure as
well as a function of the main feedwater regulating valve (MFRV) position. Each case is
initiated with the MFRVs in both loops at the nominal position which corresponds to the
initial power level. As soon as the break occurs, a mismatch will be present between steam
flow and feed flow. This may cause the MFRV to open. In the analyses, the faulted loop
MFRV is assumed to ramp to full open in two seconds and remain full open. The intact loop
MFRV remains in its nominal position until reactor trip. At the time of reactor trip, the intact
loop MFRV is assumed to step closed. The flow rates are input as a function of pressure
within the constraints of the valve positions discussed above.
The auxiliary feedwater (AFW) flow rates assumed for each of the cases in which offsite
power is assumed to be available are conservatively high flow rates assuming that both of the
motor driven auxiliary feedwater (MDAFW) pumps are operating at full capacity for all cases
initiated at less than 50% power. The assumed flowrate is 235 gpm to each SG. The faulted
loop flow rates assumed for the cases without offsite power available and for cases initiated
above 50% power with offsite power available include 630 gpm flow from the turbine driven
auxiliary feedwater (TDAFW) pump in addition to both motor driven auxiliary feedwater
(MDAFW) pumps. With initial power above 50%, previous experience has shown that lowlow level will be reached in both steam generators following a reactor trip, due to shrink and
swell phenomenon. Auxiliary feedwater (AFW) is assumed to be initiated 25 seconds after
the SI setpoint is reached (the minimum time for the system to start) and is assumed to be
terminated via operator action at 10 minutes.
The moderator density coefficients assumed in the calculations are conservative end-of-life
coefficients. The assumed shutdown margin is 1.3%K/K.
The containment recirculation fan coolers (CRFCs) are actuated on the high containment
pressure signal, while the containment spray pumps are actuated on the high-high
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containment pressure signal. The high containment pressure set point is 4 psig, but a value of
6 psig is applied in the model in consideration of instrument uncertainty. A 34 second
activation delay is applied for the case with offsite power available, while a 44 second delay
is applied for the loss of offsite power condition. The heat removal is based on 85F lake
water temperature (highest service water (SW) value). Values assumed in the analysis are
listed on Table 6.2-25.
The high-high containment pressure setpoint is 28 psig. A value of 33.5 psig is applied in the
model in consideration of instrument uncertainty. Spray activation delay is based on the number
of pumps operating and offsite power condition availability.
At the initiation of the accident, the containment atmosphere is assumed to be at a
temperature of 125F, with a containment pressure of 15.7 psia, and a relative humidity of
20%. The relative humidity is conservative for containment pressurization purposes (versus
the nominal 50% relative humidity shown in Table 3.11-1). The temperature of the refueling
water storage tank (RWST), and consequently the containment spray water, has been
assumed to be 104F. The net free volume applied in the containment integrity analysis was
1,000,000 ft3.
6.2.1.2.3.8

Input Parameters and Initial Conditions

The major parameters associated with the mass and energy release calculations are illustrated
on Table 6.2-24.
The major parameters associated with the containment pressure response calculation are
illustrated on Tables 6.2-19, 6.2-20 and 6.2-25.
6.2.1.2.3.9

Methodology

RETRAN is used to calculate the time dependent mass and energy out the break. The time
dependent mass and energy is input into GOTHIC to calculate the time dependent
containment pressure.
6.2.1.2.3.10

Acceptance Criteria

The containment pressure should not exceed the design pressure of 60 psig.
6.2.1.2.3.11

Results

Figure 6.2-7 illustrates containment pressure for the limiting case. The containment
temperature transient for this case is illustrated in Figure 6.2-8. The sequence of events is
listed on Table 6.2-26.
The limiting case results in a peak containment pressure of 59.6 psig.
6.2.1.2.3.12

Radiological Consequences

The steam line break discussed in this section is associated with peak containment pressure.
As such, the steam from the break is contained within containment. Since no steam is
released to the environment, doses are negligible and bound by a steam line break outside
containment. See Section 15.1.5.5.
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6.2.1.2.3.13

Conclusion

The peak containment pressure for the limiting steam line break inside containment is less
than containment design pressure.
6.2.1.3
6.2.1.3.1

Evaluation of Containment Internal Structures
Introduction

The containment internal structures, such as the reactor coolant loop compartments and the
reactor shield wall, are designed for the pressure buildup that could occur following a LOCA.
If a LOCA were to occur in these relatively small volumes, the pressure would build up at a
rate faster than the overall containment, thus imposing a differential pressure across the walls
of the compartments.
6.2.1.3.2

Reactor Coolant Loop Compartment Pressure

A digital computer code, COMCO, was developed to analyze the pressure buildup in the
reactor coolant loop compartments. The COMCO code is largely an extension of the COCO
code in that a separation of the two-phase blowdown into steam and water is calculated and
the pressure buildup of the steam-air mixture in the compartment is determined. Each
compartment has a vent opening to the free volume of containment and this is included in the
calculation. The calculations were made assuming that the reactor coolant loop compartment
access blocks were in place. Two of the three blocks for each compartment are normally not
in place, which increases the vent area to containment above that included in the calculations.
The main calculation performed is a mass and energy balance within the control volume of a
compartment. The pressure builds up in the compartment until a mass and energy relief
through the vent exceeds the mass and energy entering the compartment from the break. The
reactor coolant loop compartments are designed for the maximum calculated differential
pressures resulting from an instantaneous double-ended rupture of the reactor coolant pipe.
The following results were calculated for the two reactor coolant loop compartments:
Volume (ft3)

Vent Area (ft2)

Pressure (psi)

Compartment A

28,800

608

12.1

Compartment B

47,700

553

14.0
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6.2.1.3.3

Thermal Gradients

Thermal gradients through the internal structures have been considered in the design of these
structures and found to be negligible. No significant temperature differential exists under
operating conditions. The maximum thermal gradient that can exist within the containment is
approximately 30F, since normal operating temperature is approximately 120F and concrete
structural components are maintained below 150F. These gradients are well within the scope
of ACI-318-63 design requirements. Under accident conditions, the temperature gradient
occurring does not penetrate into the structure sufficiently to affect stress distributions in the
structure during the approximate 1-sec duration of the unbalanced pressure differential.
6.2.1.3.4

Reactor Vessel and Steam Generator Annulus Pressure

Concrete around and under the reactor has been designed to limit stress in the concrete
reinforcement to below its ultimate strength value under the pressure differential resulting
from a postulated instantaneous double-ended rupture of a reactor coolant pipe (i.e., LOCA)
in the concrete annulus surrounding the reactor vessel. Calculations for this limiting case
show the maximum pressure in the annulus surrounding the reactor vessel is 175 psi and for
the concrete under the reactor is 38 psi.
Concrete structures around the steam generators are also designed for the maximum
calculated differential pressures resulting from an instantaneous double-ended rupture.
Stresses in the reinforced concrete under these pressure differentials are limited to those values
presented in Part IV-B of the ACI-318-63 Code as reduced by suitable capacity reduction
factors as defined in the ACI-318 Code.
Pressure differential values given are based on the following assumptions:
A. A longitudinal split of area equivalent to the cross-sectional area of a reactor coolant pipe,
i.e., 4.5 ft2. A circumferential failure at the reactor vessel nozzle would result in a much
smaller flow discharge area because the vessel and pipe arrangement is such that no
significant relative movement can take place.
B. An initial flow from the break of 98,000 lb/sec.
C. The buildup of pressure in the annulus around the failed pipe causes the reactor vessel
nozzle inspection plug to blow free. This plug does not present any problem from a missile
generation standpoint because it is made of sand bags contained in a steel wire mesh
container.
D. A total flow area out to the pipe annulus of approximately 14.8 ft2.
E. The flow entering the cavity is 37% of the initial flow at the break. The reason for this is
that the discharge area from the pipe annulus into the cavity is 37% of the total flow area
out of the pipe annulus.
F. The cavity outflow area during the initial blowdown period is approximately 42.9 ft2.
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In addition, analyses related to subcompartment pressure loading were performed within the
scope of the resolution of Unresolved Safety Issue A-2, Asymmetric LOCA loads. The
results of those analyses are documented in Reference 4.
6.2.1.3.5

Seismic Evaluation

The structural integrity of the containment internal structures under seismic condition and
loadings is discussed in Section 3.8.3. It is concluded in Section 3.8.3 that the estimated
seismic stresses of interior structures, including concrete shield walls, steel and concrete
columns, and crane support structures are low and therefore the structures are capable of
withstanding a safe shutdown earthquake.
6.2.1.3.6

Technical Evaluation for Extended Power Uprate (EPU) Conditions

An evaluation was conducted to determine the effect of the Ginna EPU program on the shortterm LOCA-related M&E releases that support the analysis of subcompartments discussed in
the Ginna Section 6.2.1.3.
6.2.1.3.6.1

Introduction

The containment internal structures are designed for a pressure buildup that could occur
following a postulated LOCA. If a LOCA were to occur in these relatively small volumes,
the pressure would build up at a faster rate than the overall containment, thus imposing a
differential pressure across the walls of the compartments.
Short-term LOCA M&E release calculations are performed to support analysis of the RCL
compartments, the concrete around and under the reactor vessel, and the concrete structures
around the steam generator. The breaks assumed in the current licensing basis for these
structures are large primary loop pipe breaks (a longitudinal split of area equivalent to the
cross-sectional area of a reactor coolant pipe, i.e., 4.5 ft2). These analyses are performed to
ensure that the walls in the immediate proximity of the break location can maintain their
structural integrity during the short-pressure pulse (generally less than 3 sec) that
accompanies a LOCA within the region.
Ginna has been approved for LBB methods as part of the NRC staff's resolution of unresolved
safety issue A-2 (Reference 59). With the elimination of the large RCS breaks, the only break
locations that need to be considered are the largest branch lines off of the primary loop piping.
These branch lines are the pressurizer surge line, the pressurizer spray line, and the
accumulator lines. The releases from these smaller breaks are considerably lower than would
result from the large RCS breaks.
6.2.1.3.6.2

Input Parameters and Assumptions

The short-term LOCA M&E release analysis is sensitive to the assumed characteristics of
various plant systems, in addition to other key modeling assumptions. Where appropriate,
bounding inputs are utilized and instrumentation uncertainties are included. For example, the
RCS operating temperatures were chosen to bound the temperature range of all operating
cases, and a temperature uncertainty allowance (-4F) was then included. Nominal
parameters are used in certain instances. For example, the RCS pressure in this analysis is
based on
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a nominal value of 2250 psia plus an uncertainty allowance (+60 psi). All input parameters
are chosen consistent with accepted analysis methodology. The blowdown M&E release
rates are affected by the initial RCS temperature conditions. Since short-term releases are
linked directly to the critical mass flux, which increases with increasing pressures and
decreasing temperatures, the short-term LOCA releases are expected to increase due to
changes associated with the current RCS conditions.
Increased power has no impact on the short-term releases because of the duration of the event
(i.e., ˜1.0 sec). Only changes in the initial RCS pressure and temperature conditions would
affect the results.
For the M&E releases, the core-stored energy and flow behavior through the core have the
potential of changing as a result of a fuel change. However, any changes to the flow
characteristics past the fuel are assumed small, and as such, would have an insignificant
impact on the short-term LOCA M&E releases. Any possible change in the core-stored
energy does not adversely affect the normal plant operating parameters, system actuations,
accident mitigating capabilities or assumptions important to the short-term LOCA M&E
releases. This change does not create conditions more limiting than those assumed in the
analyses. Any change in core-stored energy would have no effect on the releases because of
the short duration of the postulated accident.
Therefore, the only effect that needs to be addressed is the change in RCS coolant
temperatures and RCS coolant pressure.
In summary, the following assumptions were employed to ensure that the M&E releases
were conservatively calculated, thereby maximizing mass release to containment
subcompartments:
•

RCS vessel outlet temperature goes from 609.8F to 600.3F

•

RCS vessel/core inlet temperature goes from 552.5F to 528.3F

•

Allowance for RCS temperature uncertainty is 4.0F

•

Allowance for RCS pressure uncertainty is 60 psi

6.2.1.3.6.3

Acceptance Criteria

Although Ginna is not a Standard Review Plan (SRP) plant, for completeness the SRP
criterion is also examined. A LBLOCA is classified as an ANS Condition IV event -- an
infrequent fault. To satisfy the NRC acceptance criteria presented in the SRP Section 6.2.1.3,
the relevant requirements are as follows:
•

The NRCs NUREG-0800, Section 6.2.1.3, "M&E Release Analysis for Postulated Loss-ofCoolant Accidents," subsection II, Part 3a, provides guidance on NRC's expectations for
what must be included in A LOCA M&E release calculation, if that calculation is to be
acceptable. The Westinghouse M&E models described in WCAP-8264-P-A, Rev. 1
(Reference 48), have been found by the NRC to satisfy those expectations.
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6.2.1.3.6.4

Description of Analysis

Short-term releases are linked directly to the critical mass flux, which increases with
increasing pressures and decreasing temperatures. The short-term LOCA releases are
expected to increase due to changes associated with the current RCS conditions. Short-term
blowdown transients are characterized by a peak M&E release rate that occurs during a
subcooled condition; thus, the Zaloudek correlation, which models this condition, is currently
used in the short-term LOCA M&E release analyses (Reference 48). This correlation was
used to conservatively evaluate the impact of the deviations in the RCS inlet and outlet
temperature for the EPU program. Therefore, using lower temperatures maximizes the shortterm LOCA M&E releases.
As previously stated, Ginna has been approved for LBB methods as part of the NRC staff's
resolution of Unresolved Safety Issue A-2 (Reference 59). With the elimination of the large
RCS breaks, the only break locations that need to be considered are the largest branch lines
off of the primary loop piping. These branch lines include the pressurizer surge line, the
pressurizer spray line, the accumulator line, and the RHR line from the hot leg to the first
isolation valve. The releases associated with these smaller breaks would be considerably
lower than the large RCS breaks.
The reduction in break area comparing a double-ended break in the largest branch line to the
current single-ended split in the RCS, the ratio is 4.1. A reduction of this magnitude in pipe
break size has been shown to have a significant beneficial impact on the subcompartment
loadings. For example, based upon available sensitivities, it is estimated that the peak break
compartment pressure was shown to be reduced by a factor of 2.76, and the peak differential
across an adjacent wall was reduced by a factor of 3.86.
Using the EPU pressure and temperature (P/T) conditions (i.e., increased pressure and
decreased temperature), the lower temperature increases the short-term LOCA M&E release.
For conservatism, uncertainties were applied only to the EPU data to maximize the possible
increase. Using the critical mass flux equation, it was determined that the release could
increase by 9.7%. Therefore, from a very conservative perspective, the current design basis
releases could increase by a factor of 1.10 due to RCS initial condition (P/T) effects.
6.2.1.3.6.5

Short-Term LOCA M&E Releases Results

In summary, the effect of eliminating the large RCS breaks, and instead considering the
branch nozzles, is a factor of 4 (400%) reduction in the break area, whereas the penalty
associated with the uprate is a release increase of only a factor of 1.10. So, the benefit of
LBB more than offsets any penalty to the current licensing basis short-term mass and energy
and subcompartment analysis associated with uprating.
The current licensing basis LOCA M&E releases used for the subcompartment results for the
RCL compartments, the reactor vessel compartment, and the steam generator compartment
remain bounding for the short-term subcompartment analysis by virtue of applying LBB
methods.
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6.2.1.4

Minimum Operating Conditions

Containment operability is defined in the Technical Specifications. The minimum operating
conditions related to containment are specified in Section 3.6 of the Technical Specifications
for MODES 1, 2, 3, and 4, and Section 3.9.3 for MODE 6 (Refueling).
6.2.1.5

Instrumentation Requirements

Instrumentation is provided to actuate the engineered safety features to ensure the
containment design limit is not exceeded, as discussed in Section 7.3, and to monitor the
containment pressure, temperature, sump level, radiation level, and hydrogen concentration
(See Section 6.2.5).
6.2.1.5.1

Pressure

Containment pressure is a variable required for both normal operating conditions and postaccident monitoring. Seven transmitters are installed outside the containment with sensing
lines which monitor containment pressure. The pressure is indicated for all seven channels on
the main control board and inputs are provided for six of the channels to the plant process
computer system (PPCS). Three pressure transmitters have a calibrated range of 0 to 60 psig
(PT-945, 947, 949) and have operability requirements per Technical Specification LCO 3.3.2.
Three have a calibrated range of -5 to +185 psig (PT-946, 948, 950) and have operability
requirements per Technical Specification LCO 3.3.2 and LCO 3.3.3. PT-946 and 948 are
designed in accordance with Regulatory Guide 1.97 and are dedicated to continuously record
(on the PPCS) the containment pressure as required by NUREG 0737, Item II.F.1.4. The
seventh channel is a narrow-range transmitter with a calibrated range of -3 to +3 psig (PT-944)
that is used to ensure compliance with Technical Specification LCO 3.6.4. PT-950 is
indicated on the main control board but provides no input to PPCS.
6.2.1.5.2

Sump Level

Containment sump A level transmitters (LT-2039 and LT-2044) are provided to monitor sump
level during MODES 1, 2, 3, and 4. These redundant level transmitters indicate water level
inside the containment from the bottom of sump A (elevation 205 ft) to the basement floor
(elevation 235 ft) with an accuracy of 5%. This provides a narrow-range containment water
level indication which will provide useful information only for leaks or small fluid line
breaks. It will not provide useful information for most loss-of-coolant accident (LOCA)
break sizes, but is used to ensure that assumptions with respect to resolution of Unresolved
Safety Issue 2, “Asymmetric LOCA Loads”, are being met. Operability of these level
transmitters is addressed by Technical Specifications.
The wide-range containment water level monitor is located in sump B and is designed to
monitor water depths corresponding to at least 500,000 gallons. Redundant safety-related
containment sump B level indicators (LI-942 and LI-943) show that water has been delivered
to the containment following an accident, when to begin the recirculation procedure, and
whether to terminate safety injection, if still in progress. The wide-range water level
monitoring system is composed of a series of level switches rather than a continuous level
monitor.
The switches are located at specific levels of sump B determined to be of importance for
operator action and equipment protection. The level switches are located at 8 in., 78 in., 113
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in., 180 in., and 214 in. from the bottom of the sump. The monitor system includes a level
indicator light display in the control room and is recorded by the plant process computer
system (PPCS). The indicator lights are labeled in inches of water and each light is actuated
by one level switch. At the moment an indicator light is illuminated the containment water
level is plus or minus approximately 1/2 in. of the indicated level. The PPCS records level
switch actuation only; therefore, at the moment a level switch is actuated, the containment
water level is plus or minus approximately 1/2 in. of the recorded level. The level switches
have been qualified in accordance with IEEE 323-1974 and IEEE 344-1975. The two
functionally independent channels are physically separated, seismically supported, and fed
from separate Class 1E power supplies as required by NUREG 0737. Operability
requirements of these level switches are addressed by Technical Specifications.
6.2.1.5.3

Radiation

Two Victoreen Model 875 high-range containment area radiation monitors, R-29 and R-30,
physically separated, are provided according to the requirements of NUREG 0737, Item
II.F.1.2.C. The monitors have a maximum range of 107 rem/hr. The monitors are designed
and qualified to function in an accident environment. The system is qualified to IEEE 323
and Regulatory Guides 1.97 and 1.89. Operability requirements of these radiation monitors
are addressed by Technical Specifications.
6.2.1.5.4

Containment Temperature and Dewpoint

The temperature and dewpoint instrumentation monitors containment atmosphere conditions
during normal and shutdown operations and can be used during containment leak rate testing.
The temperature instrumentation is also qualified to function during post-accident conditions.
The instrumentation receives inputs from six temperature sensors (TE-6031, 6035, 6036,
6037, 6038, and 6045) and six dewpoint sensors located inside containment. The computer
multiplexer (MUX) instrumentation converts each temperature input to allow the information
to be displayed on the plant process computer system (PPCS) and the safety parameter
display system (SPDS). The temperature display range is 0-300F with an accuracy of 0.9.
The dewpoint display range is 0-170F with an accuracy of 2.0F. The instrumentation is
significant to safety but not required nor designed to function during or after a safe shutdown
earthquake. The temperature sensors serve as partial backup for containment fire detection
instruments, and are used to verify compliance with a Technical Specification for
containment temperature. There are an additional 18 local terminal boxes to permit
temporary installation of resistance temperature detectors during containment integrated leak
rate testing, thus providing 24 resistance temperature detectors located throughout the
containment at several elevations if required for the integrated leak rate tests.
6.2.2

CONTAINMENT HEAT REMOVAL SYSTEMS

The following design criteria were used during the licensing of Ginna Station. They represent
the Atomic Industrial Forum (AIF) version of proposed criteria issued by the AEC for
comment on July 10, 1967 (see Section 3.1.1). Conformance with 1972 General Design
Criteria of 10 CFR 50, Appendix A, is discussed in Section 3.1.2. The criteria discussed in
Section 3.1.2 as they apply to the containment heat removal systems include 38, 39, and 40.
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CRITERION: Where an active heat removal system is needed under accident conditions to
prevent exceeding containment design pressure, this system shall perform its
required function, assuming failure of any single active component (AIF-GDC
52).
Two means of removing heat from the containment atmosphere are provided: the
containment recirculation fan cooler (CRFC) units and the containment spray system. As
shown in Sections 6.2.1.2.3 through 6.2.1.2.3.3 for containment integrity, at least one train of
each of these systems is required to provide sufficient steam-condensing capacity to ensure
against containment overstress and to remove that portion of the residual heat and chemical
reaction heat released to the containment.
The service water (SW) system is the heat sink for the containment recirculation fan coolers
(CRFC). Operation of two of the installed service water (SW) pumps will provide sufficient
cooling water for the minimum required number of containment recirculation fan cooler
(CRFC) units.
Electrical power for the CRFC motors and the service water (SW) pumps is provided from
the 480-V station auxiliary supplies. If auxiliary power is not available, the onsite dieselgenerator power units supply power as described in Section 8.3.
Testing of Operational Sequence of Containment Pressure Reducing Systems
CRITERION: A capability shall be provided to test initially under conditions as close as
practical to the design and the full operational sequence that would bring the
containment pressure reducing systems into action, including the transfer to
alternate power sources (AIF-GDC 61).
Capability is provided to test initially to the extent practical the operational startup sequence
beginning with transfer to alternative power sources and ending with near design conditions
for the containment spray and containment recirculation fan cooling (CRFC) systems.
6.2.2.1
6.2.2.1.1
6.2.2.1.1.1

Containment Recirculation Fan Cooler (CRFC) System
Design Bases
Capacity

The cooling capacity of the CRFC system is sized to remove the normal heat loss from
equipment and piping in the reactor containment during plant operation and to remove
sufficient heat from the reactor containment following the design-basis accident and
subsequent containment pressure transient to keep the containment pressure from exceeding
design pressure. The fans and cooling units continue to remove heat after the loss-of-coolant
accident (LOCA) and in conjunction with the containment spray system to reduce the
pressure close to atmospheric within the first 24 hours.
The fission product control function of the containment post-accident charcoal system which
utilizes the CRFC units is discussed in Section 6.5.
The original CRFC units were replaced during the 1993 MODE 6 (Refueling) outage.
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6.2.2.1.1.2

Design Objectives

The following objectives are met to provide the engineered safety features cooling function.
a. The containment heat removal requirements are bounded by the assumptions of two
evaluations. They are the containment integrity evaluation that is discussed for the steam
line break in Section 6.2.1.2 and the LOCA analysis under 10 CFR 50, Appendix K, that is
discussed in Section 15.6.4.2. The upper bound heat removal capability is established by
the LOCA analysis. The lower bound heat removal capability is established by
containment design pressure limits following the postulated main steam line break
accident. The establishment of basic heat transfer parameters for the cooling coils of the
containment recirculation fan cooler (CRFC) units, and the calculation for design air flow
are discussed in Section 6.2.2.1.2.2. Each of the containment recirculation fan coolers
(CRFC) installed during the 1993 refueling outage provides a minimum heat removal
capability of 54.6 x 106 Btu/hr with containment conditions of 74.7 psia, 286F saturated
steam and air mixture, with a minimum service water (SW) system flow of 915 gpm at
80F maximum inlet temperature and a fouling factor of 0.001 hr-ft2-F/Btu. This heat
removal capability is achieved at an air flow of 33,000 cfm and a coil face velocity of 440
fpm.
The impact on CRFC heat removal capability for an increase in maximum lake temperature
from 80F to 85F during the injection phase of a design basis LOCA has been evaluated in
combination with reduced SW flow to the CRFC coolers due to degraded SW pump
performance and bounding SW piping hydraulic resistance. The resulting decrease in CRFC
heat removal calculated by Reference 43 has been used to establish a bounding minimum
CRFC heat removal capability that is used for bounding design basis containment pressure
and temperature transient analyses.
The maximum heat removal capacity of 149.1 x 106 Btu/hr was evaluated in Reference 26.
This capacity was determined at a maximum service water (SW) flow of 1750 gpm at 35F
and no heat exchanger fouling. The air-side conditions were at the LOCA conditions of
286F, 74.7 psia, and 0.202 lb/ft3. The maximum heat removal capacity was reevaluated in
Reference 35 for a service water temperature of 30F and determined to be 175.32 x 106
Btu/hr. This reevaluation was performed to support a reduction of the Technical
Specifications screen house lower temperature limit.
In the discussion above, the stated service water (SW) flow is through the containment
recirculation fan cooler (CRFC) coils only and does not include service water (SW) flow
through the fan motor coolers.
b. In removing heat at the design-basis rate, the coils are capable of discharging the resulting
condensate without impairing the flow capacity of the unit and without raising the exit
temperature of the service water (SW) to the boiling point. Since condensation of water
from the air-steam mixture is the principal mechanism for removal of heat from the postaccident containment atmosphere by the cooling coils, the coil fins will operate as wetted
surfaces under these conditions. Entrained water droplets added to the air-steam mixture,
such as by operation of the containment spray system, will therefore have essentially no
effect on the heat removal capability of the coils.
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6.2.2.1.1.3

Special Features

The equipment in the containment recirculation fan cooler (CRFC) system is qualified to
operate in a post-accident environment as defined in Figures 6.1-1 and 6.1-2.
Portions of other systems that share functions and become part of the systems credited with
containment cooling are designed to meet the criteria of this section. Any single active
component failure in such systems will not degrade the heat removal capability of the CRFC
units.
Where portions of the systems are located outside of the containment, the following features
are incorporated in the design for operation under post-accident conditions:
a. Means for isolation of any section under anticipated malfunction or failure conditions
(expected fault conditions).
b. Means to detect and control radioactivity leakage into the environs, to the limits consistent
with guidelines set forth in 10 CFR 50.67.
6.2.2.1.2
6.2.2.1.2.1

System Design
System Description

The containment recirculation fan cooling system is designed as Seismic Category I (see
Drawing 33013-1863).
The containment recirculation fan cooler (CRFC) system consists of four CRFC units, each
including motor, fan, cooling coils, moisture separators and high efficiency particulate air
filters, duct distribution system, and instrumentation and controls. The units are located on
the intermediate floor between the containment wall and the primary compartment shield
walls. Two of the four CRFC units are equipped with activated charcoal filter units,
normally isolated from the main air recirculation stream, through which the air-steam mixture
is bypassed to remove volatile iodine following an accident. The filter units are located on a
platform above the operating floor. The fans are direct-driven, centrifugal type, and the coils
are enhanced heat transfer plate fin-tube type. Air-operated, tight-closing, 125-lb USAS
butterfly valves isolate any inactive air handling system from the duct distribution system.
Duct work distributes the cooled air to the various containment compartments and areas.
During normal operation the flow sequence through the CRFC units is as follows: cooling
coils, moisture eliminator, high efficiency particulate air filters, fan, and discharge header.
In the event of an accident, the flow sequence would be the same except that the fan discharge
of two fans would be directed through an alternative bypass line to the post-accident charcoal
filters before being discharged onto the operating floor area of containment.
The design of the post-accident charcoal filter units is discussed in Section 6.5.1.2.
Two of the air handling assemblies are required during the post-accident period for
depressurization of the containment. Coils are fabricated of copper Turbex plate fins vertically
oriented on austenitic stainless steel (AL-6XN) tubes. The Turbex fins are a corrugated plate
design that induces air turbulence, which enhances heat transfer. The coils and coil inlet
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louvers are provided with adequate drain pans and drain piping to prevent flooding.
Condensate drain water is directed to the reactor cavity sump A.
The coil internal design pressure is 150 psig. Local flow and temperature indication of
service water (SW) at each CRFC unit and alarms indicating abnormal service water (SW)
flow, temperature, and radioactivity are provided in the control room.
The location of the CRFC units and the distribution system ensures that air will not enter the
suction side of the units until after it has circulated through the spaces requiring cooling and
ventilation. Air is never drawn directly from inside the primary compartment to the unit
suction.
The duct distribution system provides a distribution header, with branch ducts that discharge
inside the primary compartment walls. The system also provides two branch ducts at
opposite extremes of the containment wall that are routed upward along the edge of the
containment wall to the top center of the containment. Air is supplied to the containment
from outlets at intervals along the complete length of the duct riser. After being discharged
along the walls of the primary compartments, ventilation air circulates upward through the
steam generator compartments to the operating floor level. Other air, after being discharged
from the duct riser above the operating floor, combines with the air circulating up from the
primary compartment and the resultant mixture is drawn through the annulus between the
operating floor and the containment wall to the suction side of the CRFC units.
Since all four CRFC units during MODES 1 and 2 and two CRFC units during accident
conditions discharge into a common distribution header, no space in the containment is
dependent on a single unit for cooling and ventilation.
6.2.2.1.2.2

Design Analysis

In order to set the containment recirculation fan coolers (CRFC) normal air flow rates such
that the accident heat removal rate is between the bounds of the LOCA analysis (Section
15.6.4.2) and containment integrity analysis (Section 6.2.1.2), the following analysis was
performed:
a. The heat removal capacity of the CRFC unit coils installed during the 1993 refueling
outage was evaluated as a function of steam-air flow for cooling water temperatures of
35F and 80F at coolant flow rates of 1750 and 915 gpm. This thermal analysis was
performed using the Marlo Coil Water Coil Rating Computer Program, Version 2.0. The
program predicts heat transfer of the cooling coils for condensing, partial condensing, and
sensible modes of operation. Verification of the Marlo Coil Water Coil Rating Computer
Program, Version 2.0, is documented in Reference 26. The maximum heat removal capacity
was later evaluated at a cooling water temperature of 30F as documented in Reference 35
to support an increase of maximum service water flow and a reduction of the minimum
service water temperature. Additionally, the minimum heat removal capability was later
evaluated by Reference 43 at a cooling water temperature of 85F.
b. The CRFC system air-side pressure drops for the enhanced coil fin design were evaluated
for normal conditions. A fan performance curve was developed from the original
Westinghouse curve but was based on the original onsite test data.
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The fan laws were used to convert the original fan performance curve to accident conditions.
The pressure drops for accident conditions are summed and the system resistance curve
intersection with the fan performance curve determines the steam-air flow rate. The
correlation between MODES 1 and 2 air flow and accident generation steam-air flow is plotted
on Figure 6.2-10.
Assumptions
Significant assumptions that were made for the analysis are:
1. Accident operation atmosphere is a saturated steam-air mixture at 286F with a density of
0.202 lb/ft3 and pressure of 74.7 psia.
2. Normal operation atmosphere conditions are 125F, density of 0.0717 lb/ft3, and pressure
of 14.7 psia.
3. The cooling coil tubesheet fouling factor is assumed to be 0.001, which is a typical
specification for the tube material and cooling water supply at Ginna Station. The TEMA
Standard for this application is 0.001 fouling factor.
4. All components are assumed to be clean, i.e., there is no additional air flow resistance due
to dust or dirt loading.
5. Air flow resistance was considered for high efficiency particulate air filters and moisture
separators, typical for the equipment used at Ginna Station.
6.2.2.1.2.3

Redundancy Provisions

The cooling water requirements for the four containment recirculation fan cooler (CRFC)
units can be supplied by any one of the four service water (SW) pumps. Each of the two
emergency diesels powers a service water (SW) pump which would be automatically started
as part of the emergency bus-loading sequence on loss of normal ac power, coincident with a
requirement for engineered safety features operation (safety injection signal).
The CRFC units are supplied by individual lines from the containment service water (SW)
loop header. Each inlet line is provided with a shutoff valve and drain valve. Similarly, each
discharge line from the CRFC unit is provided with a shutoff valve and drain valve. This
allows each CRFC unit to be isolated for draining or maintenance.
The CRFC unit cooling water discharge is monitored for radioactivity using a radiation
monitor (R-16) in the common discharge line. Upon indication of radioactivity in the
effluent, each CRFC unit discharge line can be valved individually to locate the defective
cooling coil. However, since the cooling coils and service water (SW) lines are completely
closed inside the containment, no contaminated leakage is expected into these units. In the
unlikely event of a leak occurring in a containment recirculation fan cooler (CRFC) unit
following a LOCA, the direction of leakage would depend upon the location of the break,
since the containment post-accident pressure is in excess of or equal to the pressure at the
service water (SW) discharge of the containment recirculation fan cooler (CRFC). The
containment post-accident pressure is only higher than the containment recirculation fan
cooler (CRFC) supply line pressure for the first hour of the design-basis pressure transient.
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During normal operation, cooling water flow through the units is throttled for containment
temperature control purposes by a valve on the common discharge header from the CRFC
units. An independent full-flow valve opens automatically in the event of a safety injection
signal to bypass the control valve. Both valves fail in the open position upon loss of air
pressure and either valve is capable of passing the full flow required for all four containment
recirculation fan cooler (CRFC) units.
6.2.2.1.2.4

Actuation Provisions

When the high-containment-pressure or automatic safety injection signal is received, the
butterfly valves for the CRFC units are tripped to the accident position. Accident position is
also the fail-safe position.
Butterfly valves for two CRFC units are used to route the discharge air flow through the postaccident charcoal filters; these valves have only two positions, full open or full closed. These
valves are air-operated and spring loaded. Upon loss of control signal or control air, the
spring actuates the valve to the open accident position (fail-safe operation).
Redundant electrically operated three-way solenoid valves are used at each butterfly valve to
control the instrument air supply (control air). These valves are arranged so that failure of a
single solenoid valve to respond to the accident signal will not prevent actuation of the
butterfly valve to the accident position (fail-safe operation).
The containment pressure is sensed through six separate pressure transducers located outside
the containment. Containment pressure is communicated to the transducers by three 3/8-in.
stainless steel lines penetrating the containment vessel. The high-containment-pressure signal
from these sensors trips the containment isolation dampers and valves and sends a signal to
start the fan motors.
Overload protection for the fan motors is provided at the switchgear by over-current trip
devices in the motor feeder breakers. The fan motor feeder breakers can be operated from the
control room and can be reclosed from the control room following a motor overload trip.
6.2.2.1.2.5

Environmental Protection

Safety Related CRFC components have been Environmentally Qualified for operation under
normal and post-accident containment ambient conditions. CRFC dampers controlled by
instrument air will fail to their accident position upon loss of air. Redundant flow switches in
the system indicate whether air is circulating in accordance with the design arrangement. The
flow switches are not environmentally qualified nor required to operate post-accident.
Abnormal flow alarms are provided in the control room.
All fan parts, louver dampers, valve shaft and disk seating surfaces, and ducts in contact with
the containment fluid are protected against corrosion. The fan motor enclosures, electrical
insulation, and bearings are designed for operation during accident conditions, as described in
Section 6.2.2.1.1.
No materials known to react adversely with wet sodium hydroxide (present in the postaccident containment atmosphere from spray operation) are used in the construction of the
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CRFC units, except for the HEPA filters, which were upgraded. Refer to Section 6.5.1.2.2.3
for additional details. In particular, original equipment specifications explicitly forbid the use
of any aluminum.
Considerable protection of the CRFC equipment against the effects of the sodium hydroxide
is afforded by the components arrangement. Following the accident, the entering air steam
mixture, with entrained moisture in the form of spray droplets, flows first through the cooling
coils. The coil fins operate as wetted surfaces while condensing the steam; the entrained
moisture combines with the condensate to greatly reduce the sodium hydroxide concentration
of the mixture. At design accident conditions, the average dilution factor exceeds 300.
The cooling coils are constructed of corrosion resistant materials throughout with galvanized
steel casings, stainless steel tubes, and copper fins. Condensate collection pans are made of
stainless steel.
Following the cooling coils is the moisture separator (demister) section, designed to remove
entrained moisture originating in the cooling coils. Two separate moisture removal processes
are employed; the first by direct impingement on vertical hooked louvers, and the second by
trapping on separator pads. Runoff from both stages flows into collection pans from which it
is piped to the containment sump. The moisture separator casings, hooked louvers, and
collection pans are fabricated of galvanized steel. Glass fiber media, with resorcinolformaldehyde binder, is used for the separator pads and the pad retaining grids are of
stainless steel.
The resorcinol-formaldehyde binder used in the manufacturing of the separator pads is
formed by reaction of resorcinol and formaldehyde in the presence of a basic catalyst.
Subsequent exposure to the slightly basic solution at high temperature is not expected to
cause significant deterioration of the resin.
6.2.2.1.3

Design Evaluation

The four CRFC units operate in conjunction with the containment spray system as a means of
limiting containment overpressure following an accident. Only two of the CRFC units are
required in the post-accident condition. Provisions have been included in these units to
balance and adjust air and water flow to satisfy both normal and post-accident conditions.
Operability requirements of the CRFC units are addressed by Technical Specification LCO
3.6.6.
The containment recirculation fan cooler (CRFC) units are dependent on the operation of the
electrical and service water (SW) systems. Cooling water to the coils is supplied from the
service water (SW) system. Four service water (SW) pumps are provided, two of which are
required to operate immediately during the post-accident period.
During MODES 1 and 2, each of the containment recirculation fan cooler (CRFC) units is in
continuous or intermittent operation. Collection and measurement of condensate from the
cooling coils is one method used to determine leakage from fluid systems within the
containment as described in Section 5.2.5.4. Since the pressure of the service water (SW)
system is in excess of that of the containment during MODES 1 and 2, any leakage occurring
in a cooling coil would result in leakage of service water (SW) into the containment. This
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leakage would flow into the collecting pan at a rate greatly in excess of the normal flow
ratefrom condensation, and would indicate the presence of a leak, which could be confirmed
by isolation of service water (SW) flow to the affected CRFC unit. Individual flow and
temperature indicators located on the discharge from each CRFC unit with alarms on the
control board provide additional means of detecting a leak in a containment recirculation fan
cooler (CRFC) unit.
In the case of leakage into the service water (SW) system following a LOCA (i.e., a passive
failure), the radiation monitor located in the discharge header from the CRFC units would
alarm on the control board and by isolating each CRFC unit in turn, the faulty unit could be
identified. Operation of the containment recirculation fan cooling (CRFC) system would then
be continued using the remaining three CRFC units.
In the case of service water (SW) leakage into containment, the flow monitor on the affected
CRFC unit would alarm if a gross leak occurred, signifying a decrease in exit flow. The
largest leak that could escape detection by the flow monitor would be approximately 230
gpm.
Smaller leaks would be detected by means of successive samples of recirculating core
coolant, indicating progressively lower boron concentration. It is calculated that if sufficient
boron is added via the Emergency Core Cooling System (ECCS), dilution by one-half will not
cause the shutdown reactivity to be lost following a major loss-of-coolant accident. At a rate
of 230 gpm, about 15 hours of continuous service water (SW) addition would not reduce the
boron concentration by this amount. Boron concentration would be measured with sufficient
frequency by sampling the recirculating coolant to permit corrective action to be taken before
a critical concentration is reached.
6.2.2.1.4

Tests and Inspections

The fan motors and the fan rotating assemblies are statically and dynamically tested for
proper balance.
The cooling coils can be leak tested by stopping the fans and continuing the cooling water
flow. Any significant cooling water leakage would be seen as flow into the collecting pan.
Specific CRFC unit testing requirements are provided in Technical Specification LCO 3.6.6.
6.2.2.1.5

Instrumentation

The cooling water discharge flow and exit temperature of each of the four coolers are alarmed
in the control room if the flow is low or if the temperature is high. The transmitters are
outside the reactor containment. In addition, the exit flow is monitored for radiation (R-16)
and alarmed in the control room if high radiation should occur. This is a common monitor and
the faulty cooler can be located locally by manually valving each one out in turn. Operability
of R-16 is addressed in the Offsite Dose Calculation Manual.
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6.2.2.2
6.2.2.2.1
6.2.2.2.1.1

Containment Spray System
Design Bases
Design Criteria

The following design criteria were used during the licensing of Ginna Station. They represent
the Atomic Industrial Forum (AIF) version of proposed criteria issued by the AEC for
comment on July 10, 1967 (see Section 3.1.1). Compliance with 1972 General Design
Criteria of 10 CFR 50, Appendix A, is discussed in Section 3.1.2. The criteria discussed in
Section 3.1.2 as they apply to the containment spray system include 38, 39, and 40.
Inspection of Containment Pressure Reducing Systems
CRITERION: Design provisions shall be made to the extent practical to facilitate the periodic
physical inspection of all important components of the containment pressure
reducing systems, such as pumps, valves, spray nozzles, and sumps (AIF-GDC
58).
Where practicable, all active components and passive components of the containment spray
system are inspected periodically to demonstrate system readiness. The pressure containing
systems are inspected for leaks from pump seals, valve packing, flanged joints, and safety
valves. During operational testing of the containment spray pumps, the portions of the
systems subjected to pump pressure are inspected for leaks.
Testing of Containment Pressure Reducing Systems Components
CRITERION: The containment pressure reducing systems shall be designed, to the extent
practical so that active components, such as pumps and valves, can be tested
periodically for operability and required functional performance (AIF-GDC 59).
All active components in the containment spray system are tested both in preoperational
performance tests in the manufacturer’s shop and in-place testing after installation.
Thereafter, periodic tests are also performed, which include tests performed after any
component maintenance. Testing of the components of the safety injection system that are
used for containment spray purposes are described in Section 6.3.5.
Testing of Containment Spray Systems
CRITERION: A capability shall be provided to the extent practical to test periodically the
delivery capability of the containment spray system at a position as close to the
spray nozzles as is practical (AIF-GDC 60).
Permanent test lines for all the containment spray loops are located so that all components up
to the isolation valves at the containment may be tested. These isolation valves are checked
separately.
The air test lines for checking that spray nozzles are not obstructed connect downstream of
the isolation valves. This verification can be performed by injecting hot air flow through the
nozzles and monitoring the nozzles by the use of thermography. Other means of verification
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of air movement through the nozzles may include low pressure air, smoke, or floatation
devices.
6.2.2.2.1.2

Performance Objectives

The containment spray system, in conjunction with the containment cooling system and the
Emergency Core Cooling System (ECCS), is designed to remove sufficient heat from the
containment atmosphere following an accident condition to maintain the containment
pressure below design limits. The containment spray system in conjunction with the sodium
hydroxide (NaOH) system is also capable of reducing the iodine and particulate fission
product inventories in the containment atmosphere such that the offsite radiation exposure
resulting from a LOCA is within the guidelines established by 10 CFR 50.67.
The containment spray system is designed to spray borated water into the containment
building whenever the coincidence of two sets of two-out-of-three high-containment-pressure
signals occurs. Either of two subsystems containing a pump and associated valving and spray
headers is independently capable of delivering one-half of the assumed flow. Refer to Table
15.6-21 for the flow rate assumed in the accident analysis.
The spray system is designed to operate over an extended time period following a LOCA as
required to restore and maintain containment conditions at near atmospheric pressure.
Together with the containment recirculation fan coolers (CRFC), it has the capability of
reducing the containment post-accident pressure as required, taking into account any
reduction due to single failures of active components.
Portions of other systems that share functions and become part of the containment cooling
system when required are designed to meet the criteria of this section. Any single failure of
active components in such systems does not degrade the heat removal capability of
containment cooling.
These portions of the spray system located outside of the containment which are designed to
circulate, under post-accident conditions, radioactively contaminated water collected in the
containment meet the following requirements:
a. Shielding within the guidelines of 10 CFR 100.
b. Collection of discharges from pressure relieving devices into closed systems.
c. Means to detect and control radioactivity leakage into the environs to the limits consistent
with guidelines set forth in 10 CFR 50.67.
The active system components are redundant. System piping located within the containment
is redundant and separate in arrangement unless fully protected from damage that may follow
any primary coolant system failure.
System isolation valves relied upon to operate for containment cooling are redundant, with
automatic actuation or manual actuation.
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6.2.2.2.1.3

Service Life

All portions of the system located within containment are designed to withstand, without loss
of functional performance, the post-accident containment environment and operate without
benefit of maintenance for the duration of time to restore and maintain containment
conditions at near atmospheric pressure.
6.2.2.2.1.4

Codes and Classifications

The codes and classifications to which the system was originally designed and the evaluation
with respect to current standards are discussed in Section 3.2 and Table 3.2-1.
6.2.2.2.2
6.2.2.2.2.1

System Design
Operational Requirements

The containment spray process flow arrangement is shown in Drawing 33013-1261. The
containment spray system consists of two pumps, two spray headers, spray nozzles, and the
necessary piping and valves. The system initially takes suction from the refueling water
storage tank (RWST). When a low level is reached in the refueling water storage tank
(RWST), the spray pump suction is fed from the discharge of the residual heat removal
pumps if continued spray is required. Containment spray is only required for containment
pressure control for beyond-design-basis events during the sump recirculation phase (see
Section 6.3.3.9)
During the period of time that the spray pumps draw from the refueling water storage tank
(RWST), approximately 20 gpm of spray additive will be added to the refueling water in each
train by using a liquid eductor motivated by the spray pump discharge. The fluid passing
from the tank will then mix with the fluid entering the pump suction. The results will be a
solution suitable for the removal of iodine. The iodine removal function of the containment
spray and NaOH systems is discussed in Section 6.5.2.2.
The spray system will be actuated by the coincidence of two sets of two-out-of-three highcontainment-pressure signals. This starting signal will start the pumps and open the discharge
valves to the spray header (860A, B, C, and D). The valves associated with the spray additive
tank will be opened automatically after the containment spray signal is actuated. Sodium
hydroxide will flow to the suction of the spray pumps and mix with refueling water prior to
being discharged through the spray nozzle into the containment.
The system design conditions were selected to be compatible with the design conditions for
the low-pressure injection system, since both of these systems share the same suction line
from the RWST.
The physical arrangement of spray nozzles is such that a maximum portion of the free volume
of the containment is contacted by the sprays. Exception is made of the region below the
operating deck because (1) the proximity of large components and supporting structure
restricts the available free trajectory of the spray, and (2) the possibility of missile damage
places difficult constraints on the routing of spray piping. The fraction of the free volume that
is not washed by sprays is about 22%.
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Another factor that tends to induce mixing in the containment atmosphere during the early
phases of spray operation is the bulk transport of steam from the general regions of the
containment (especially the region near the reactor coolant system rupture point) to the zone
just below the spray nozzles where most of the condensation occurs.
6.2.2.2.2.2

Refueling Water Storage Tank (RWST)

The containment spray system shares the refueling water storage tank (RWST) liquid
capacity with the safety injection system. The description of the refueling water storage tank
(RWST) is provided in Section 6.3.2.2.3.
6.2.2.2.2.3

Containment Spray Pumps

The two containment spray pumps are of the horizontal centrifugal type driven by electric
motors. These motors can be powered from both normal and emergency power sources.
The design head of the pumps is sufficient to continue at rated capacity with a minimum level
in the refueling water storage tank (RWST) against a head equivalent to the sum of the design
pressure of the containment, the head to the upper-most nozzles, and the line and the nozzle
pressure losses. Pump motors are direct-coupled and large enough for the maximum power
requirements of the pump. The materials of construction are suitable for use in mild boric
acid solutions, such as stainless steel or equivalent corrosion-resistant material.
Design parameters are presented in Table 6.2-27.
The pump motors are direct-coupled and non-overloading to the end of the pump curve. The
containment spray pump characteristic curves of total dynamic head and net positive suction
head as a function of flow are shown in Figure 6.2-19.
6.2.2.2.2.4

Liquid Jet Eductor

The system incorporates the use of a liquid jet eductor in each train to entrain the sodium
hydroxide solution and mix it with the borated water from the refueling water storage tank
(RWST). Approximately 5% of the spray pump discharge is diverted through the eductor.
The kinetic energy of the spray pump discharge passing through the eductor causes a lowpressure area to exist at the throat of the eductor. This low-pressure area allows the sodium
hydroxide to flow (20 gpm) into and mix with the borated water passing through the eductor.
The now caustic solution passes out of the eductor where it returns to the suction side of the
spray pump.
6.2.2.2.2.5

Spray Ring Headers

Once the caustic solution leaves the spray pump discharge, it passes through the respective
motor-operated discharge valves (860 A, B, C, and D). The solution passes into the
containment structure and through two 6-in. spray headers which climb the interior walls of
the containment building. At the top of the containment building, the two spray headers
terminate in two spray rings. Each ring has many hollow cone nozzles at varying angle
orientations and relative header positions to ensure a minimum of 90% area coverage and
uniform heat and fission product removal.
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6.2.2.2.2.6

Spray Nozzles

The spray nozzles, of the ramp bottom design, are not subject to clogging by particles less
than 0.25 in. in diameter and are capable of producing a mean drop size of approximately
1000 microns in diameter with the spray pump operating at design conditions and the
containment at design pressure. The 179 nozzles are mounted on two concentric ring headers
each comprised of 3-in. and 4-in. pipes.
During the injection phase of an accident, the spray pumps draw suction from the refueling
water storage tank (RWST), which is not expected to have any large particles. During the
recirculation phase of an accident, the strainer system associated with containment sump B
prevents particles greater than 1/16 in. in diameter from entering the spray nozzles (see
Section 6.3.2.2.6).
6.2.2.2.2.7

Environmental Qualification

All of the active components of the containment spray system are located outside the
containment and therefore are not required to operate in the steam-air environment produced
by the accident.
Parts of the system in contact with borated water, the sodium hydroxide spray additive, or
mixtures of the two are stainless steel or an equivalent corrosion-resistant material. The
piping is welded except for flanged connections at the pumps, post-accident charcoal filters
fire protection, various instruments, and blind flanges.
6.2.2.2.2.8

System Tests

The proper functioning of the spray pumps and the isolation valves can be tested by first
manually valving off the spray header at the containment and opening the spray test line,
Drawing 33013-1261. On actuation of the valves and pumps, flow will pass back through the
test line to the refueling water storage tank (RWST).
Nozzle availability can be tested by blowing hot air (approximately 200F) through the
nozzles and observing the flow by use of thermography or by other means which may include
verifying air movement through the nozzles by low pressure air, smoke, or floatation devices.
Specific system testing requirements are specified in Technical Specification LCO 3.6.6.
6.2.2.2.3
6.2.2.2.3.1

Design Evaluation
Design Basis

The system design is based on the spray water being raised to the temperature of the
containment in falling through the steam-air mixture within the building. The minimum fall
path of the droplets is approximately 60 ft from the spray ring headers to the operating floor.
The actual fall path is longer due to the trajectory of the droplets sprayed out from the ring
header. Heat transfer calculations, based upon 1000 micron droplets, show that thermal
equilibrium will be reached in a distance of approximately 5 ft. Thus, the spray water
reaches essentially the saturation temperature. The containment spray system is designed to
provide sufficient
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heat removal capability to maintain the post-accident containment pressure below the design
value in conjunction with the minimum number of CRFC units.
6.2.2.2.3.2

Heat Transfer Calculations

When a spray drop enters the hot saturated steam-air environment, the vapor pressure of the
water at its surface is much less than the partial pressure of the steam in the atmosphere.
Hence, there will be diffusion of steam to the drop surface and condensation on the drop.
This mass flow will carry energy to the drop. Simultaneously, the temperature difference
between the atmosphere and the drop will cause a heat flow to the drop. Both of these
mechanisms will cause the spray drop temperature and vapor pressure to rise. The vapor
pressure of the drop will eventually become equal to the partial pressure of the steam and the
condensation will cease. The temperature of the drop will be essentially equal to the
temperature of the steam-air mixture.
The terminal velocity of the drop can be calculated using the formula given by Weinberg
(Reference 5), where the drag coefficient CD is a function of the Reynolds number:a

2

4Dg(ρ-ρm)

V = -------------3CDρm

(Equation 6.2-1)
For the 700 micron drop size expected from the nozzles, the terminal velocity is less than 7 ft/
sec. For a 1000 micron drop, the velocity would be less than 10 ft/sec. The Nusselt number
for heat transfer, Nu, and the Nusselt number for mass transfer, Nu'(Sherwood number), can
be calculated from the empirical relations given by Ranz and Marshall (Reference 6).
Nu =

2 + 0.6 (Re)1/2 (Pr)1/3

Nu’ =

2 + 0.6 (Re)1/2 (Sc)1/3

The Prandtl number and the Schmidt number for the conditions assumed are approximately
1.7 and 0.6, respectively. Both of these are sufficiently independent of pressure, temperature,
and composition to be assumed constant under containment conditions (References 7 and 8).
The coefficients of heat transfer, hc , and mass transfer, kG are calculated from Nu and Nu’,
respectively. The equations describing the temperature rise of a falling drop are as follows:
(d/dt) (Mu) =

mhg + q

(d/dt) (M) =

m

a.

Nomenclature used is given at the end of this discussion
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where:
q=

hcA (Ts - T)

m=

kGA (Ps - Pv)

These equations can be integrated numerically to find the internal energy and mass of the
drop as a function of time as it falls through the atmosphere. Analysis shows that the liquid
drop temperature rises to the steam-air mixture temperature in less than 0.5 sec, which occurs
before the drop has fallen 5 ft. These results demonstrate that the spray will be 100%
effective in removing heat from the atmosphere.
The nomenclature is as follows:
A=

area

CD =

drag coefficient

D=

droplet diameter

g=

acceleration of gravity

hc =

coefficient of heat transfer

hs =

steam enthalpy

kG =
M=

coefficient of mass transfer
droplet mass

m=

diffusion rate

Nu =

Nusselt number for heat transfer

Nu'=

Nusselt number for mass transfer

Ps =

steam partial pressure

Pv =
Pr =

droplet vapor pressure
Prandtl number

q=

heat flow rate

Re =

Reynolds number

Sc =

Schmidt number

T=

droplet temperature

Ts =

steam temperature

t=

time

u=

droplet internal energy

V=

velocity

=

droplet density

m =

steam-air mixture density

The design evaluation on the iodine removal function of the containment spray and NaOH
systems is discussed in Section 6.5.2.2.
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6.2.2.2.3.3

Reliance on Interconnected Systems

The containment spray system operates in conjunction with the containment recirculation fan
cooling system for containment integrity. For operation in the recirculation mode, water is
supplied through the residual heat removal pumps. Spray pump cooling is supplied from the
component cooling loop when required during the recirculation mode.
During the recirculation phase some of the flow leaving the residual heat exchangers may be
bled off and sent to the suction of either the containment spray pumps or the high-head safety
injection pumps. Minimum flow requirements are set for the flow being sent to the core via
the residual heat removal and safety injection systems and for the flow being sent to the
containment spray pump suction.
Normal and emergency power supply requirements are discussed in Section 8.3.
6.2.2.2.3.4

Reliability Considerations

A failure analysis has been made on all active components of the system to show that the failure
of any single active component will not prevent fulfilling the design function. This analysis is
summarized in Table 6.2-28.
6.2.2.2.3.5

Containment Spray Pump Net Positive Suction Head Requirements

The net positive suction head for the containment spray pump is evaluated for both the
injection and recirculation phase operation of the design-basis accident. The end of the
injection phase operation gives the limiting net positive suction head requirement and the net
positive suction head available is determined from the elevation head and vapor pressure of
the water in the refueling water storage tank (RWST) and the pressure drop in the suction
piping from the tank to the pumps.
6.2.2.2.3.6

Equipment Protection

The containment spray pumps are protected against overcurrent. Additionally, the safety
injection pump fans start when either containment spray pump starts. These fans are not
required or credited in the accident analysis.
The containment spray pump discharge valves are protected against overcurrent and
excessive torque. Also, each valve is equipped with a mechanical interlock feature, such that
the valve must stroke fully open before it can be closed and vice versa.
The containment spray system pumps are powered from safeguards buses 14 and 16. The
containment spray pumps will start on a high-high-containment-pressure signal. The pumps
can be supplied by an emergency diesel generator and do not trip on under-voltage conditions
on the respective bus. The containment spray discharge valves are supplied from engineered
safety features motor control centers supplied by safeguards buses 14 and 16. The motor
control centers do not shed vital equipment on loss of voltage. The pumps and valves would
continue to operate when power was restored.
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6.2.2.2.4

Minimum Operating Conditions

The limiting conditions for operation are specified in Technical Specification LCO 3.6.6. The
basis of the limits is to ensure that prior to raising the reactor coolant system to elevated
temperature and pressure, adequate containment cooling engineered safety features are
operable.
6.2.2.2.5

Tests and Inspections

The active components of the containment spray system are tested on a regular schedule as
follows:
A. Spray pumps. These pumps are tested individually by opening the valves in the full flow
test line back to the refueling water storage tank (RWST). Each pump in turn is started by
operator action and checked for flow establishment. The spray injection valves (860A, B,
C, and D) are also stroked open and closed during this test.
B. Spray nozzles. With the motor-operated valves closed, the lines are drained and lowpressure air, hot air, or smoke is blown through the test connections.
During these tests the equipment is visually inspected for leaks. Leaking seals, packing, or
flanges are tightened or replaced to eliminate the leak. Valves and pumps are operated and
inspected after any maintenance to ensure proper operation.
The Ginna Station Gas Intrusion Management Program was established in response to
Generic Letter (GL) 2008-01. The GL requires all plants to evaluate the Emergency Core
Cooling, Decay Heat Removal and Containment Spray systems for gas intrusion. The
program provides guidance for the identification, evaluation, and elimination of gas voids if
found. Additional references can be found in Section 6.3.5.5.
6.2.2.2.6
6.2.2.2.6.1

Instrumentation
Interlock and Control Features

The containment spray pumps are controlled remotely by two (STOP/AUTO/CLOSE)
selector switches on the main control board. Both pumps will start automatically when two
of the three instruments on two-of-two channels sense 28 psig containment pressure. Manual
actuation can be accomplished by depressing two buttons simultaneously on the main control
board. Additionally, the four containment spray header isolation valves (860A, B, C, and D)
will open automatically on a high-high containment pressure signal. Manual operation of the
spray header isolation valves can be accomplished from the main control board.
6.2.2.2.6.2

Control Room and Local Indication

Control Room Alarms
The following is a list of conditions that would sound an alarm or annunciator in the control
room:
•

Containment spray, two channels, two-of-three instruments, 28 psig.

•

Containment spray pump cooling water outlet low flow.
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•

Containment pressure channel alert.

•

Safeguards breaker trip - if any safeguards pump trips.

•

Breaker lockout - if any safeguards pump is locked out.

Control Room Indication
The following is a list of parameters that are measured and provide indication in the control
room:
•

Containment pressure, 0-60 psig front control board.

•

Containment pressure, 10-200 psia back control board.

•

Refueling water storage tank (RWST) level 0-100%.

•

Containment spray pump discharge valves AUTO, OPEN, or CLOSED.

•

Containment spray pump start switch manual.

•

Containment spray actuation two-of-two buttons.

Local Indication
The following is a list of containment spray system parameters that provide local indication:
•

Containment spray system test line flow.

•

Refueling water storage tank (RWST) level 0-100%.

•

Containment spray pump motor fan cooler switch at pumps.

6.2.3

SECONDARY CONTAINMENT

The Ginna Station design does not require the use of a secondary containment to reduce
MODES 1 and 2 radiological releases or to mitigate the consequence of postulated accidents.
Therefore, this section is not applicable to Ginna Station.
6.2.4
6.2.4.1

CONTAINMENT ISOLATION SYSTEM
Design Criteria

The following design criteria were used during the licensing of Ginna Station. They represent
the AIF version of proposed criteria issued by the AEC for comment on July 10, 1967 (see
Section 3.1.1). Conformance with 1972 General Design Criteria (GDC) of 10 CFR 50,
Appendix A, is discussed in Section 3.1.2. The criteria discussed in Section 3.1.2 as they
apply to the containment isolation system include 54, 55, 56, and 57. The more recent SEP
evaluation of the design against these criteria is discussed in Section 6.2.4.4.1.
CRITERION: Penetrations that require closure for the containment function shall be protected
by redundant valving and associated apparatus (AIF-GDC 53).
Isolation valves for all fluid system lines penetrating the containment provide at least two
barriers for redundancy against leakage of radioactive fluids to the environment in the event of
a loss-of-coolant accident (LOCA). These barriers, in the form of isolation valves or closed
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systems (i.e., containment isolation boundaries), are defined on an individual line basis. In
addition to satisfying containment isolation criteria, the barriers are designed to facilitate
normal operation and maintenance of the systems and to ensure reliable operation of other
engineered safety features.
With respect to numbers and locations of isolation boundaries, the criteria applied are
generally those outlined by the five classes described in Section 6.2.4.4.
CRITERION: Capability shall be provided to the extent practical for testing functional
operability of valves and associated apparatus essential to the containment
function for establishing that no failure has occurred and for determining that
valve leakage does not exceed acceptable limits (AIF-GDC 57).
Capability is provided to the extent practical for testing the functional operability of valves
and associated apparatus during periods of reactor shutdown. The isolation valves are also
subject to periodic type C leak rate tests as required by the Containment Leakage Rate Testing
Program (Technical Specification 5.5.15).
6.2.4.2
6.2.4.2.1

Design Basis
Functional Requirements

The function of the containment isolation system is to isolate the non-essential process lines
that penetrate the containment to ensure that the total leakage of activity will be within design
limits in the event of an accident. The system consists of many valves and the logic and
circuitry necessary to automatically close these valves on a containment isolation signal. All
major nonessential lines that penetrate the containment, except the auxiliary feedwater lines
(preferred and standby), component cooling water for the reactor coolant pumps, and the
main steam lines, have either automatic isolation valves or are normally maintained closed
when the reactor is above MODE 5 (Cold Shutdown).
Each system whose piping penetrates the containment leakage limiting boundary is designed
to maintain or establish isolation of the containment from the outside environment under any
accident for which isolation is required, and assuming a coincident independent single failure
or malfunction occurring in any active system component within the isolated bounds.
Piping penetrating the containment is designed for pressures at least equal to the containment
design pressure. Containment isolation boundaries are provided as necessary in lines
penetrating the containment to ensure that no unrestricted release of radioactivity can occur.
Such releases might be due to rupture of a line within the containment concurrent with a
LOCA or due to rupture of a line outside the containment which connects to a source of
radioactive fluid within the containment or communicates with the containment
environment.
Isolation of a line inside the containment prevents flow from the reactor coolant system or
any other large source of radioactive fluid in the event that a piping rupture outside the
containment occurs, even though a piping rupture outside the containment at the same time as
a LOCA is not considered credible, since the penetrating lines are Seismic Category I design
up to and including the second isolation boundary and are assumed to be an extension of
containment.
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Closure times for isolation valves are provided in an administrative procedure. Containment
isolation becomes necessary under the same conditions that require operation of the other
engineered safety features. The containment isolation signal is derived from the same signals
which automatically activate safety injection.
6.2.4.2.2

Seismic Design

The isolation valves included within the containment isolation system are designed and
qualified to ensure that they are capable of withstanding the maximum potential seismic
loads.
To facilitate their adequacy in this respect:
A. Valves are located, when possible, in a manner to reduce the accelerations on the valves.
Valves suspended on piping spans are reviewed for adequacy for the loads to which the
span would be subjected. Valves are mounted in the position recommended by the
manufacturer.
B. Valve yokes are reviewed for adequacy and strengthened as required for the response of the
valve operator to seismic loads.
C. Where valves are required to operate during seismic loading, the operating forces are
reviewed to ensure that system function is preserved. Seismic forces on the operating parts
of the valve are expected to be small compared to the other forces present.
D. Control wires and piping to the valve operators are designed and installed so that the
flexure of the line does not endanger the control system. Appendages to the valve, such
as position indicators and operators, are checked for structural adequacy.
E. As part of the RG&E seismic piping upgrade program, all containment isolation valves
were reviewed and reanalyzed to ensure that current seismic criteria are met.
6.2.4.3

System Design

The five classes described in Section 6.2.4.4 are the general categories into which lines
penetrating containment are classified. Also described in Section 6.2.4.4 are the basic isolation
boundary arrangements used to provide two barriers between the reactor coolant system or
containment atmosphere and the environment. System design is such that failure of one
boundary to close does not prevent isolation, and no manual operation is required for immediate
isolation. Automatic isolation is initiated by the containment isolation signal.
A containment isolation signal is generated by any automatic safety injection signal or
manually by depressing one of two containment isolation pushbutton switches on the main
control board left panel. A manual safety injection signal will not, by itself, generate a
containment isolation signal. Operability requirements of the containment isolation signal
are addressed by Technical Specification LCO 3.3.2. The safety injection signals which
initiate containment isolation are low pressurizer pressure, low steam line pressure, and high
containment pressure.
Main steam line isolation will occur manually or on a high-high steam flow coincident with
a safety injection signal, high steam flow and low TAVG coincident with a safety injection
signal, and high-high containment pressure. Operability requirements of the main steam
Page 86 of 285

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

isolation instrumentation are addressed by Technical Specification LCO 3.3.2. Automatic
containment isolation valves are designed to isolate the process stream in a maximum of 60
seconds depending on the particular isolation valve. Operability requirements of the
containment isolation valves are addressed by Technical Specification LCO 3.6.3.
Containment isolation valves and associated fans which directly communicate with the
containment atmosphere and which can provide a potential release path to the outside
environment are also isolated by a containment ventilation isolation signal. The signal is
generated by gaseous (R-12) and particulate (R-11) radiation monitors, a containment
isolation signal or manual containment spray signal. The containment ventilation isolation
signal serves as a backup to the containment isolation signal and is not specifically credited
in the accident analysis. Operability requirements of the containment ventilation isolation
instrumentation are addressed by Technical Specification LCO 3.3.5.
6.2.4.3.1

Isolation Valve Parameters Tabulation

A summary of the fluid system lines penetrating containment and the boundaries employed
for containment isolation is presented in Table 6.2-15 and Figures 6.2-13 through 6.2-78. The
containment isolation valves (CIV) and boundaries (CIB) are also indicated in the figures.
However, the intent of Figures 6.2-13 through 6.2-78 is to provide only schematic
representations of the penetrations for leak testing purposes and not to depict complete asbuilt piping configurations. Each boundary is listed in Table 6.2-15 as to type, position
indication in the control room, and open or closed status during normal operation, and
immediate post-accident conditions.
Containment isolation boundaries are provided with actuation and control equipment
appropriate to the valve type. For example, air-operated and diaphragm (Saunders patent)
valves are generally equipped with air diaphragm operators, with fail-safe operation ensured
by redundant control devices in the instrument air supply to the valve. Solenoid valves are
also designed for fail safe operation. Motor-operated valves are capable of being supplied
from reliable onsite emergency power as well as their normal power source. Closed systems,
manual valves, and check valves, of course, do not require actuation or control systems.
These non-automatic isolation boundaries are used in lines that must remain in service, at
least for a time, following an accident. These are closed manually if and when the lines are
taken out of service.
6.2.4.3.2

Isolation Valve Operability

All containment isolation valves, actuators, and controls are located so as to be protected
against missiles which could be generated as the result of a LOCA. Only valves so protected
are considered to qualify as containment isolation valves.
Only isolation valves located inside containment are subject to the high-pressure, hightemperature, steam-laden atmosphere resulting from an accident. Operability of these valves
in the accident environment is ensured by proper design, construction, and installation, as
reflected by the following considerations.
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A. All components in the valve installation, including valve bodies, trim and moving parts,
actuators, instrument air and control, and power wiring, are qualified to perform their safety
function in a post-accident environment if they need to change position. Provisions for
valves locked in their safe post-accident conditions ensure no adverse changes of position
due to accident conditions.
B. In addition to normal pressures, the valves are designed to withstand maximum pressure
differentials in the reverse direction imposed by the accident conditions.
All air-operated valves that receive a containment isolation signal or are considered a
containment isolation valve are listed in Table 6.2-32. The effects of loss of air to these
valves were considered in the safety analysis of all systems in the plant. Throughout the
overall design of the plant, it has been acknowledged that the air supply is not a Class 1
safety-related system. All systems have been designed accordingly with careful attention to
the manner of operating equipment to ensure that each component will assume the safe
position upon loss of air pressure.
6.2.4.4
6.2.4.4.1

Design Evaluation
Current Safety Criteria

The containment isolation system conforms with the requirements of diversity in the
parameters used for containment isolation, i.e., automatic isolation of normally open
nonessential systems by the containment isolation signal. The design is such that resetting
the isolation signal will not result in the automatic reopening of containment isolation valves
but reopening will require deliberate operator action. The essential versus nonessential
system containment penetrations are given in Table 6.2-33.
The containment isolation system at Ginna Station was evaluated (Refs. 9 and 10) by the NRC
under the Systematic Evaluation Program (SEP) Topic VI-4. The safety criteria used in the
evaluation were as follows.
A. 10 CFR Part 50, Appendix A, General Design Criteria (GDC) 54, 55, 56, and 57.
B. NUREG 75/087, Standard Review Plan (SRP) for the Review of Safety Analysis Reports
for Nuclear Power Plants (SRP 6.2.4, Containment Isolation System, where applicable).
C. Regulatory Guide 1.11, Instrument Lines Penetrating Primary Reactor Containment.
D. Regulatory Guide 1.141, Revision 1, Containment Isolation Provisions for Fluid Systems.
There are five classes of penetrations for categorizing the lines penetrating the containment.
The following discussion addresses the conformance of each penetration to applicable safety
criteria. The penetration numbers (or line numbers) correspond to those provided in Table
6.2-15.
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6.2.4.4.2
6.2.4.4.2.1

Class 1 Penetrations (Outgoing Lines, Reactor Coolant System)
Applicable Lines

Normally operating outgoing lines connected to the reactor coolant system were originally
designed with at least one automatically operated isolation valve and one manual isolation
valve in series located outside the containment. GDC 55, which applies to Class 1 lines,
specifies that one valve should be located inside the containment and one valve should be
located outside the containment, with the valves being either locked closed or being
automatic isolation valves. Furthermore, a simple check valve outside containment may not
be used as an automatic isolation valve. The following lines are included in this class: 108,
110b, 112, 140, 205, 206a, and 207a.
6.2.4.4.2.2

Class 1 Penetration Evaluation

The containment isolation provisions for lines 108 and 110b differ from the explicit
requirements of GDC 55 from the standpoint of the number of isolation valves. There is no
containment isolation valve in these lines inside the containment. Therefore, an automatic
isolation valve for line 108 and a locked-closed manual valve for line 110b would be required
inside the containment to meet current criteria. For line 108 (reactor coolant pump seal water
return and excess letdown line) it was concluded that installing a second automatic isolation
valve was not required since it is a 3-in. line which has an automatic, leak-tested, motoroperated valve outside containment. The line also terminates in the volume control tank,
which has a design pressure higher than the containment accident pressure. The NRC agreed
that an additional valve was not necessary and the current configuration was found acceptable
(Reference 12).
Backfitting was not recommended by the NRC for line 110b (safety injection test line)
because:
a. The penetration is isolated further upstream from the cold leg by check valves which are
periodically leak tested.
b. The penetration is isolated from the hot legs by two check valves and a closed motoroperated valve.
c. During safety injection the line is pressurized by the safety injection system and because
the line is connected vertically to the reactor coolant system, a water seal would exist after
injection.
d. The line is of small diameter (3/4-in.). Additionally, from a risk standpoint, the
probabilistic risk assessment conducted in support of the Systematic Evaluation Program
ranked this issue of low importance and estimated the impact of the resolution to be low
(Reference 10).
Penetration 112 (letdown to nonregenerative heat exchanger) differed from the explicit
requirements of GDC 55 from the standpoint of valve location at the time of the SEP review.
The penetration was subsequently modified to provide automatic isolation valves both inside
and outside containment. The penetration now meets the explicit requirements of GDC 55
(Reference 11).
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The containment isolation provisions for line 140 (residual heat removal system letdown line)
differ from the explicit requirements of GDC 55 from the stand-point of valve location. A
single motor-operated valve is provided inside the containment; there is no containment
isolation valve in the line outside the containment. However, the closed, safety-grade system
outside the containment (residual heat removal system) is a suitable isolation barrier in lieu of
a valve adjacent to the containment and GDC 55 permits isolation provisions that differ from
the explicit requirements, provided the basis for acceptability is defined. Therefore, the
isolation provisions for line 140 satisfy GDC 55 on some other basis.
The isolation provisions for lines 205, 206a, and 207a differ from the explicit requirements of
GDC 55 from the standpoint of valve location and actuation. Each of these lines is provided
with an air-operated valve and one manual valve in series located outside the containment.
Locating both containment isolation valves outside containment was considered acceptable
based on the design of the piping between the containment and the first valve being
sufficiently conservative to provide adequate assurance of integrity. Each of these lines also
contains an air-operated valve located inside the missile barrier in containment. The controls
for these air-operated valves inside the missile barrier were modified to fail closed when the
instrument air to the containment is automatically isolated. These valves also receive a
containment isolation signal and remain closed on reset of containment isolation. However,
due to the location of these valves, they are not containment isolation valves. This
configuration was found acceptable by the NRC (Reference 10).
6.2.4.4.3
6.2.4.4.3.1

Class 2 (Outgoing Lines)
Applicable Lines

Normally operating outgoing lines not connected to the reactor coolant system and not
protected against missiles throughout their length inside the containment were originally
designed with at least one automatically operated isolation valve or one remotely operated
stop valve located outside the containment. Manual isolation valves in series with the
isolation or remote operated valves were also provided outside containment.
GDC 56 applies to Class 2 penetration lines and specifies that one valve should be located
inside the containment and one valve should be located outside the containment with the
valves being either locked closed or being automatic isolation valves. Furthermore, a simple
check valve outside the containment may not be used as an automatic isolation valve. The
following lines are included in this class: 107, 120b, 121c, 123a, 143, 203a, 305e, and 332c.
6.2.4.4.3.2

Class 2 Evaluation

The containment isolation provisions for lines 107, 121c, 143, 203a, and 332c differ from the
explicit requirements of GDC 56 from the standpoint of valve location. All of these lines
have isolation valves located outside the containment.
It is not practical for lines 107 (sump discharge line) and 143 (reactor coolant drain tank
discharge line) to have an isolation valve located inside the containment because the valve
may be submerged as a result of a LOCA. Standard Review Plan 6.2.4, Item II.3, has
providedguidance in this concern. Therefore, the valving arrangement for these lines with
both valves located outside the containment was found acceptable (Reference 9).
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Lines 121c, 203a, and 332c are small sensing lines for the containment pressure transmitters
and are open to the containment atmosphere; they were installed as a requirement of the TMI
Lessons Learned. The pressure transmitters form a closed boundary outside the containment.
A manual valve is also provided in each line for double-barrier isolation capability. In light of
the post-accident monitoring function of these lines, the isolation barriers satisfy GDC 56 on
some other defined basis (Reference ANSI/ANS-56.2, 1984).
The containment isolation provisions for lines 120b, 123a, and 305e differ from the explicit
requirements of GDC 56 from the standpoint of valve location and actuation. Each of these
lines is provided with an air-operated valve and a manual valve in series outside the
containment.
Backfitting to meet explicit valve location requirements was not recommended by the NRC
for these lines for the following reasons (Reference 10):
a. As a plant design basis, the piping between the containment and the containment isolation
valves is at least equal to containment design pressure. Isolation valves are similarly rated.
b. Piping runs between the containment penetrations and the containment isolation valves
have been kept as short as possible and are Seismic Category I.
c. All piping penetrations are solidly anchored to the containment wall. External guides,
stops, increased pipe thickness, or other means are provided, where required, to limit
motion and moments to prevent ruptures by making the penetration the strongest part of the
system. In addition, all penetrations and anchorages are designed for forces and moments
that might result from postulated pipe ruptures.
d. These piping penetrations are located in areas that are protected from tornado missiles.
Backfitting to meet explicit valve actuation requirements was not recommended by the NRC
for the following reasons (Reference 10):
aa.

These lines are small (3/8 in. and 1 in.).

bb.

The valves are located near the containment wall.

cc.

The piping and valves are designed as Seismic Category I.

dd.

These valves are small, air-operated, fail-closed valves and have had no previous history
of failure to close at Ginna Station.

Additionally, from a risk standpoint, the SEP pipe rupture analysis ranked this issue of low
importance and estimated the impact of the resolution to be low.
Consequently, these lines are acceptable.
6.2.4.4.4

Class 3 (Incoming Lines)

Two subclasses are identified for Class 3 penetration lines. GDC 55 or 56 apply to Class 3
lines, depending on the line function:
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6.2.4.4.4.1

Class 3A Penetrations

Incoming lines connected to open systems outside the containment are provided with one of
the following arrangements: (1) a check valve located inside containment and a remoteoperated valve or closed manual valve located outside the containment, (2) both a check valve
and a remote-operated valve or closed manual valve located outside the containment, or (3)
two remote-operated valves located outside containment. The following penetration lines are
included in this subclass: 120a, 121a, 121b, 129, 305b, 310a, and 310b.
The containment isolation provisions for lines 121b and 129 (branch a) differ from the
explicit requirements of GDC 56 from the standpoint of valve type. A check valve and a
locked-closed manual valve, both of which are leak tested, provide for containment isolation.
This provides two containment isolation barriers, which does not meet the explicit
requirements of GDC 56, but provides equivalent protection. This configuration was found
acceptable by the NRC since the probabilistic risk assessment found this issue to be of low
significance (Reference 10).
The containment isolation provisions for lines 129 (branch b) and 305b differ from the
explicit requirements of GDC 56 from the standpoint of valve location. These lines have two
automatic air-operated isolation valves located outside containment. These were found
acceptable based on the location discussion for Class 2 lines 120b, 123a, and 305e (Reference
10).
The containment isolation provisions for lines 120a, 121a, 310a, and 310b satisfy the explicit
requirements of GDC 56.
6.2.4.4.4.2

Class 3B Penetrations

Incoming lines connected to closed systems outside containment are provided with at least
one check valve or normally closed isolation valve located inside containment, a check valve
located outside containment, or two remote-operated valves inside containment. The
following lines are included in this subclass: 100, 101, 102, 105, 106, 109, 110a, 111, and
113.
The containment isolation provisions for lines 100, 102, 106, and 110a (the charging lines)
differ from the explicit requirements of GDC 55 from the standpoint of valve number. A
simple check valve in each line, inside containment, is identified as the containment isolation
valve. These lines are connected to the chemical and volume control system outside the
containment. Since the charging system does not have a required post-accident safety
function, these lines would have to be automatically isolated to meet GDC 55 requirements.
Backfitting was not recommended by the NRC for these lines (Reference 10) because:
a. The piping system is designed to operate at 2250 psi, significantly above the containment
design pressure.
b. The piping is Seismic Category I.
c. The charging pumps are positive displacement pumps and, therefore, leakage back through
the pumps is expected to be minimal.
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The containment isolation provisions for lines 101 and 113, safety injection system, differ
from the explicit requirements of GDC 55 from the standpoint of valve location and actuation.
Each safety injection line is provided with a check valve outside containment. Additionally,
each safety injection line is provided with two parallel motor-operated valves inside the
containment that are remotely controlled from the control room. Since the safety injection
system outside the containment is a closed, safety-grade system, two isolation boundaries are
provided. Consequently, GDC 55 is met on some other defined basis (Reference 9).
ECP-15-000655 added relief valve 890 to provide over pressure protection to line 101 ("B"
Safety Injection Discharge Header), as well as valves 891 and 892. Valve 891 provides a
pressure boundary and safety related function to isolate flow to avoid flow diversion from
line 113 ("A" SI Pump Discharge Header) and from line 101. Valve 892 provides a pressure
boundary function and a flow path to relief valve 890. This modification does not degrade
Ginna's containment isolation capabilities. The additional relief valve 890 will serve as a
containment isolation valve inside containment. This isolation valve is relatively close to the
corresponding penetration 101 and is equivalent to relief valve 887 with respect to
containment isolation satisfying containment environmental conditions. This modification
does not change this line's closed loop outside containment design. It is noted that
containment isolation to P110 and P113 are enhanced by having an additional valve (891)
that is locked closed.
ECP-16-000114 added relief valve 893 for overpressure protection of line 113 ("A" Safety
Injection Discharge Header). The additional relief valve 893 serves as a containment
isolation valve inside containment. This isolation valve is relatively close to the
corresponding penetration 113, and the modification does not change this line's closed loop
outside containment design.
The containment isolation provisions for lines 105 and 109 (containment spray pump
discharge lines) differ from the explicit requirements of GDC 56 from the standpoint of valve
number and type. A simple check valve is provided in each line outside containment, which
is not an acceptable automatic isolation valve per current criteria. Although these lines have a
post-accident safety function, they are open to the containment atmosphere and, therefore, the
isolation provisions should satisfy GDC 56 on some other defined basis. Backfitting for these
lines was not recommended based on the same criteria discussed for Class 2 lines 120b, 123a,
and 305e (Reference 10).
The containment isolation provisions for line 111, the residual heat removal supply line, differ
from the explicit requirements of GDC 55 from the standpoint of valve location and
actuation. The valving arrangement for this line is the same as for line 140, with a single
motor-operated valve located inside the containment that is remotely operated from the
control room. There is no isolation valve outside the containment except for valve 959,
which isolates a branch flow path. Since the system outside the containment is a closed,
safety-grade system, it constitutes an appropriate isolation boundary in lieu of a valve in the
line outside the containment. Also, the line has a post-accident safety function and automatic
isolation of the line is not appropriate. Therefore, the valve location and provisions for line
111 satisfy GDC 55 on some other defined basis (Reference 9).
6.2.4.4.5

Class 4 Penetrations (Closed System, Missile Protected)
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6.2.4.4.5.1

Applicable Lines

Normally operating incoming and outgoing lines, which are connected to a closed system
inside the containment and protected against missiles throughout their length, were originally
designed with at least one manual isolation valve outside containment.
GDC 57 applies to Class 4 lines. This criterion specifies the isolation provisions for closed
systems inside the containment that are neither part of the reactor coolant pressure boundary
nor connected directly to the containment atmosphere. For these closed systems to qualify as
containment isolation boundaries, they must be safety-grade design since the containment
isolation system is an engineered safety feature. Further guidance is provided by Standard
Review Plan 6.2.4 in this regard. Closed systems must, in part, be protected against missiles
and pipe whip, designated Seismic Category I, and classified Safety Class 2. Furthermore,
GDC 57 specifies that a locked closed, remote manual, or automatic isolation valve must be
provided outside the containment and that a simple check valve may not be used as the
automatic isolation valve. The following lines are included in this class: 119, 123b, 124a,
125, 126, 127, 128, 130, 131, 201a, 201b, 206b, 207b, 209a, 209b, 308, 311, 312, 315, 316,
319, 320, 321, 322, 323, 401, 402, 403, and 404.
6.2.4.4.5.2

Class 4 Evaluation

The containment isolation provisions for lines 201a, 201b, 209a, 209b, 308, 311, 312, 315,
316, 319, 320, and 323 differ from the explicit requirements of GDC 57 from the standpoint
of valve actuation. All of these service water (SW) lines are equipped with local manual
isolation valves outside the containment and a closed system inside containment. GDC 57
requires that these penetrations be provided with an automatic isolation valve. However,
these valves would only be needed for containment isolation if there was a significant breach
of the closed system inside containment. Since the manual isolation valves are accessible
following a design-basis LOCA, RG&E agreed to upgrade the existing valves. The
allowable leakage rate for these valves is based on manufacturers’ recommendations and not
on 10 CFR 50, Appendix J, limits. The NRC accepted this configuration and testing
methodology (Reference 10).
Penetration line 124a is the component cooling water supply to the excess letdown heat
exchanger. This line is provided with a check valve and a closed system inside containment.
However, the check valve is located less than 3 ft from containment. The NRC accepted
similar penetration configurations during the SEP (see discussion for Class 2 lines 120b,
123a, and 305e). Therefore, GDC 57 is met on some other defined basis.
Penetration lines 401 and 402 are the main steam lines. Each line is provided with a main
steam stop valve that is air-operated and capable of remote manual operation. Branch lines
are normally isolated or can be closed by operators when required. Additionally, the main
steam blowdown and sample lines (206b, 207b, 321, and 322) are provided with air-operated
isolation valves. These valves are available to automatically or remote manually isolate the
main steam blowdown lines. All six penetrations credit the steam generator tubes as a closed
system inside containment. Therefore, the isolation provisions satisfy GDC 57 (Reference 9).
The main steam lines can resist the postulated tornado missiles without loss of required safety
function.
Penetration lines 403 and 404 are the feedwater lines. Each line is provided with a safety
related remotely activated valve and a check valve in series. The safety-related valve was
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originally a manual valve that was up-graded by the plant Extended Power Uprate (EPU)
program. Additionally, each feedwater line has two 3-in. auxiliary feedwater lines joining it
downstream of these two valves. Under accident conditions, the preferred auxiliary
feedwater system is automatically initiated and providing water at a higher pressure than
containment pressure. The isolation provisions of lines 403 and 404 differ from the explicit
requirements of GDC 57 from the standpoint of valve type. Since the check valve in the feedwater lines outside the containment is not an appropriate automatic isolation valve, the
original manual valve outside the containment would have to be upgraded to a remote manual
isolation valve. Backfitting for lines 403 and 404 was not recommended for the same reasons
discussed under valve location for Class 2 lines 120b, 123a, and 305e (Reference 10).
Additionally, the feedwater lines can resist postulated tornado missiles without loss of
required safety function.
As a result of the Extended Plant Uprate (EPU), it was required to provide a second
automatic main feedwater isolation valve (MFIV) in each main feedwater line. The purpose
of the second MFIV is to automatically isolate the main feedwater line following a steam line
break in containment. To support this uprate requirement, the existing 14" manual valves
(V3994 and V3995) downstream of the main feedwater check valves in penetration lines 403
and 404 were modified to include a remote acting actuator. Although these valves are now
automatic valves and are located in the Class 2 portion of the main feedwater lines, they are
not considered containment isolation valves (Reference 44).
Containment isolation provisions for penetration lines 119, 123b, 124c, 125, 126, 127, 128,
130, and 131, satisfy the requirements of GDC 57.
6.2.4.4.6
6.2.4.4.6.1

Class 5 Penetrations (Special Service)
Applicable Lines

Lines that penetrate the containment and which may be opened to the containment
atmosphere, but which are normally closed during reactor operation, are provided with either
two isolation valves in series, one isolation valve and one blind flange, one isolation valve
and a closed system or two blind flanges. Normally one of these devices is located inside and
the other is located outside the containment.
GDC 56 applies to Class 5 penetration lines. The following lines are included in this class: 2,
29, 103, 124b, 124d, 132, 141, 142, 202a, 202b, 203b, 203c, 204, 210, 300, 304a, 304b, 305a,
305c, 305d, 307, 309, 313, 317, 324, 332a, 332b, and 332d.
6.2.4.4.6.2

Class 5 Evaluation

The following penetration lines differ from the explicit requirements of GDC 56 from the
standpoint of isolation boundary type: 2, 29, 204, 300, and 313. A blind flange inside or
outside the containment is an acceptable isolation barrier in lieu of an isolation valve, if it is
leak testable. Line 2, the steam generator inspection and maintenance cabling access
penetration, is isolated by a double-gasketed, leak-testable flange both inside and outside
containment.
Line 29, the fuel transfer tube, is isolated by a double-gasketed resilient seal flange located
inside the containment that is leak testable. Line 313, leak test depressurization, is equipped
with a leak testable blind flange inside the containment and a normally closed valve outside
the containment. Lines 204 and 300, purge supply and purge exhaust respectively, are
equipped with leak testable blind flanges with double O-rings inside containment.
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Containment isolation provisions for lines 124b, 124d, 202a, 202b, 203b, 203c, 210, 304a,
304b, 305a, 305c, and 305d differ from the explicit requirements of GDC 56 from the
standpoint of valve location. All of these lines have two normally closed isolation valves in
series located outside the containment. This is acceptable, however, based on the discussion
under Class 1 for lines 205, 206a, and 207a (Reference 10).
The containment isolation provisions for lines 141 and 142, containment sump recirculation
system, differ from the explicit requirements of GDC 56 from the standpoint of valve
actuation. Due to their post-accident safety function, a single motor-operated valve is used
for each line. The valve actuation provisions are acceptable and meet GDC 56 on some
other defined basis (Reference 9).
Containment isolation provisions for lines 332a, 332b, and 332d differ from the explicit
requirements of GDC 56 from the standpoint of isolation boundary type. The isolation
provisions for these hydrogen monitor instrumentation lines consist of a normally closed
solenoid-operated valve and a closed system outside containment that is Seismic Category I
and designed to withstand maximum containment accident pressure. The lines are 3/8-in.
(O.D.) stainless steel tubing. GDC 56 is met on some other defined basis (Standard Review
Plan 6.2.4, Item II.6) for these lines (Reference 10).
Containment isolation provisions for lines 103, 132, 307, 309, 317, and 324 satisfy the
explicit requirements for GDC 56.
6.2.4.4.7

Special Cases

Containment penetrations 1000, personnel hatch, and 2000, equipment hatch, are not covered
by the penetration classes discussed above, but are evaluated under containment isolation
provisions. These penetrations are described in Section 3.8.1.5 and shown in Figures 3.8-30
and 3.8-31. These openings are provided with redundant closures and/or seals, and are closed
during MODES 1 and 2. They are also leak testable.
6.2.4.4.8

Instrumentation and Controls Evaluation

The instrumentation and control aspects of the override of the containment ventilation
isolation and other engineered safety feature actuation signals were also reviewed by the
NRC against current review guidelines. The evaluation concluded (Reference 13) that the
electrical, instrumentation, and control aspects of the override of the containment ventilation
isolation and Engineered Safety Features Actuation System (ESFAS) signals are acceptable,
except for a lack of adequate physical protection for some of the engineered safety features
reset push buttons.
The review resulted in two design modifications. One was to remove the blocking
mechanisms that existed in the actuation and reset logic of the containment ventilation
isolation, containment isolation, and containment spray systems so that any actuating signal,
manual or automatic, would cause the related system to perform its safety function at any
time. The other modified the containment isolation and containment ventilation isolation
valve control circuits to provide individual resetting of each isolation valve. Resetting a
valve after automatic closure requires operation of a containment isolation or containment
ventilation isolation reset switch on the main control board and a valve control reset switch
located at the containment isolation valve reset panel.
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6.2.4.4.9

Containment Purging During Normal Plant Operation

In response to NRC concerns relative to containment shutdown purge valve operability in
the event of a LOCA, the purge valves at Ginna Station were analyzed and evaluated for
stress. It was concluded that the valve assembly is able to meet ASME Code Service Label B
allowables at a valve opening angle of 30 degrees. This determination was based on torque
data reflecting a worst-case upstream elbow oriented 90 degrees out of plane with respect to
the valve shaft, with the leading edge of the valve disk closing toward the outer wall of the
elbow. The travel stops of the valves were adjusted to a maximum opening of 30 degrees.
Subsequently, the inboard containment isolation valves in the purge air supply and purge air
exhaust lines were removed and replaced with blind flanges with double O-ring seals. The
volume between the inboard flange and outboard isolation valve is leak testable. See Figures
6.2-51 and 6.2-58. The blind flange is securely bolted in place during MODES 1, 2, 3, and 4
and is only removed when required during MODE 5 (Cold Shutdown) and MODE 6
(Refueling) shutdowns. Since the blank flanges have a double seal, it is no longer necessary to
rely on the outer 48-in. valves for containment isolation during power operation. Therefore,
the 30-degree travel stops have been removed.
A 1500-cfm mini-purge system capable of purging containment during all modes of operation
has been installed. The supply and exhaust systems include a 6-in. line penetrating
containment at penetration 309 and 132, respectively, with air-operated butterfly valves inside
and outside containment. The valves are capable of closing against 60 psig in 2 seconds or
less measured from the time the actuator receives the isolation signal to the time the valves
are fully closed. The outlet of the mini-purge supply line and the inlet to the mini-purge
exhaust line, inside containment, are equipped with debris screens to prevent fouling of the
isolation valves. See Figures 6.2-66 and 6.2-41. The 6-in. mini-purge exhaust valves are
opened periodically, for about one-half hour at a time, to reduce containment pressure when it
reaches approximately 0.5 psig.
The exhaust valves are administratively controlled so that the total time that they are opened
is as low as reasonably achievable. The air-operated mini-purge containment isolation valves
are manually controlled from the control room. They fail in the closed position on loss of
instrument air or electrical power. They also close automatically on a containment ventilation
isolation signal. The shutdown purge valves also receive an automatic closure signal from the
containment ventilation isolation instrumentation. (See Sections 9.4.1.2.8 and 9.4.1.2.9 for
descriptions of the containment shutdown purge and the containment mini-purge systems.)
The trip setpoints for containment ventilation isolation while purging are established to
correspond to the limits of 10 CFR Part 20 for unrestricted areas. The setpoints are
determined procedurally by calculating effluent monitor count rate limits, while taking into
account appropriate factors for detector calibration, ventilation flow rate, and average site
meteorology.
6.2.5

COMBUSTIBLE GAS CONTROL IN THE CONTAINMENT

The requirement for Ginna and other Plants to analyze postaccident hydrogen concentration
was removed from 10CFR50.44. Subsequently, TSTF-447 allowed removal of hydrogen
recombiners and monitors from Technical Specifications (see Section 6.2.5.1 and 6.2.5.2).
Ginna implemented the change in amendment 90 to the Technical Specifications. Because
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the hydrogen analysis is no longer required, Ginna did not update the calculations for EPU,
therefore reference to specific quantities in this section are retained for historical purposes.
Following a loss-of-coolant accident (LOCA), hydrogen may be produced inside the reactor
containment by reaction of the zircaloy/ZIRLOTM fuel cladding with water or steam, by

radiolysis of water, and by corrosion of materials. In addition, hydrogen dissolved in the
reactor coolant and contained in the pressurizer vapor space may be released to the
containment atmosphere. To ensure that the containment hydrogen concentration is
maintained at a level below the lower hydrogen flammability limit, a combustible gas
control system is provided. This subsection describes the sources of post-LOCA hydrogen
and the systems that are provided to control the buildup of hydrogen within the containment.
6.2.5.1

Introduction

The design for combustible gas control within containment provides the capability to (1)
measure the hydrogen concentration in the containment, (2) ensure a mixed atmosphere, and (3)
control the combustible gas concentration, thus satisfying the criteria of 10 CFR 50.44 and the
GDC 41, 42, and 43 of Appendix A to 10 CFR 50 (see Section 3.1.2).
Two redundant hydrogen concentration monitoring devices can measure and record hydrogen
concentration in containment continuously after a design-basis event. Each train includes a
sample line from the containment, a local analyzer/control panel in the intermediate building
discharging to a common sample return line to the containment, a remote monitoring/control
panel in the relay room, and a recorder in the control room. The instrumentation is in
compliance with the requirements of NUREG 0737, Item II.F.1.6, and Regulatory Guide 1.97.
However, the hydrogen monitors were removed from the Ginna Technical Specifications by
Amendment 90 (Reference 44). With the elimination of the DBLOCA hydrogen release,
hydrogen monitors are no longer required to mitigate Design Basis Accidents and, therefore, the
hydrogen monitors do not meet the definition of a safety-related component as defined in 10
CFR 50.2. RG 1.97 recommends classifying the hydrogen monitors as Category 1. RG 1.97,
Category 1, is intended for key variables that most directly indicate the accomplishment of a
safety function for DBA events and, therefore, are items usually addressed within Technical
Specifications. As part of the rulemaking to revise 10 CFR 50.44, the NRC found that the
hydrogen monitors no longer meet the definition of Category 1 in RG 1.97. The NRC further
concluded that Category 3, as defined in RG 1.97, is an appropriate categorization for the
hydrogen monitors because the monitors are required to diagnose the course of beyond DBAs.
Hydrogen monitoring is not the primary means of indicating a significant abnormal degradation
of the reactor coolant pressure boundary. Section 4 of Attachment 2 to SECY-00-0198, "Status
Report on Study of Risk-Informed Changes to the Technical Requirements of 10 CFR Part 50
(Option 3) and Recommendations on Risk-Informed Changes to 10 CFR 50.44 (Combustible
Gas Control)", found that the hydrogen monitors were not risk-significant. Therefore, the NRC
found that hydrogen monitoring equipment requirements no longer meet any of the four criteria
in 10 CFR 50.36(c)(2)(ii) for retention in Technical Specifications and, therefore, may be
relocated to other licensee-controlled documents. Because the monitors are required to
diagnose the course of beyond DBAs, Ginna was required to verify that it has, and make a
regulatory commitment to maintain, a hydrogen monitoring system capable of diagnosing
beyond DBAs.
The analyzers are capable of monitoring hydrogen content by volume from 0 to 10%, over a
containment atmosphere range of -2 to 60 psig, 40to 290F, and relative humidity of 0 to
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100%. Control power of 125-V dc is supplied by vital batteries. Control and instrument
power of 120-V ac is supplied from dedicated constant voltage, 480-V/120-V, transformers
fed from the 480-V ac supplying the analyzer motors.
The hydrogen monitoring system is capable of operation during all post-accident conditions.
During MODES 1 and 2, it is maintained in an isolated standby mode. On-line calibration
capability is provided by two hydrogen tanks, one for each train, which are capable of
delivering a known concentration of hydrogen gas to the monitoring system. Operability of
these hydrogen monitors is addressed by Technical Requirements Manual (TRM) Section 3.3.6.
Containment hydrogen concentration can also be determined by the postaccident sampling
system (see Section 9.3.2.3.2).
A mixed containment atmosphere is provided by the containment recirculation fan coolers
(CRFC), each unit having the capability of recirculating approximately 40,000 ft3/min. The
entire containment air volume recirculates four to five times each hour if at least two CRFC
units are operating.
Combustible gas control is provided by the hydrogen recombiner system.
6.2.5.2
6.2.5.2.1

Hydrogen Recombiner System
Description

The hydrogen recombiner system is shown in Drawing 33013-1275, Sheets 1 and 2. The
recombiner system consists of two full-rated subsystems, each capable of maintaining the
post-LOCA containment hydrogen concentration below 4 volume percent. Each subsystem
contains a combustor, fired by an externally supplied fuel gas, employing containment air as
the oxidant. Hydrogen in the containment air is oxidized in passing through the combustion
chamber. Hydrogen gas is also used as the externally supplied fuel so that the noncondensible
combustion products that would cause a progressive rise in containment pressure are avoided.
Oxygen gas is made up through a separate containment feed to prevent depletion of oxygen
below the concentration required for stable operation of the combustor.
Each recombiner is equipped with an air supply blower to deliver primary combustion air and
quench air which reduces the unit exhaust temperature, an ignition system, and associated
monitoring and control instrumentation. The system is designed to operate at ambient steam
overpressures corresponding to 0 to 5 psig in the containment and to withstand the design
basis transient environment prior to operation.
The basis for the system design is the analysis presented in Reference 14. Reference 14 contains
the analysis of performance and sensitivity to changes in operating parameters based on proof
tests performed on the prototype combustor.
In the event that hydrogen fuel is required following an accident, it would be brought to the
site. Operation of the hydrogen recombiners would prevent hydrogen from reaching 4 volume
percent in the containment when calculated by the more conservative (homogeneous) energy
deposition model. Subsequent operation will require an average fuel consumption of 8100 scf
per day over the next 60 days, and about half as much oxygen, to maintain the ambient
hydrogen at 4 volume percent. Bulk gas could be delivered in trailer-mounted tubes at 6080,000 scf per load, requiring about eight such deliveries of hydrogen during that 60-day
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period, and four similar deliveries of oxygen. Consumption would be more rapid than
theaverage rate during the early phase and less rapid later, due to the decay of the radiolysis
source.
The hydrogen recombiners were removed from the Ginna Technical Specifications by
Amendment 90 (Reference 44). The revised 10 CFR 50.44 no longer defines a DBLOCA
hydrogen release, and eliminates requirements for hydrogen control systems to mitigate such
a release. The installation of hydrogen recombiners and/or vent and purge systems required
by 10 CFR 50.44(b)(3) was intended to address the limited quantity and rate of hydrogen
generation that was postulated from a DBLOCA. The NRC found that this hydrogen release
is not risk-significant because the DBLOCA hydrogen release does not contribute to the
conditional probability of a large release up to approximately 24 hours after the onset of core
damage. In addition, these systems were ineffective at mitigating hydrogen releases from
risk-significant beyond design-basis accidents (DBAs). Therefore, the NRC eliminated the
hydrogen release associated with a DBLOCA from 10 CFR 50.44 and the associated
requirements that necessitated the need for the hydrogen recombiners and the backup
hydrogen vent and purge systems. As a result, the NRC staff found that requirements related
to hydrogen recombiners no longer meet any of the four criteria in 10 CFR 50.36(c)(2)(ii) for
retention in Technical Specifications and the existing Technical Specifications requirements
may, therefore, be eliminated.
6.2.5.2.2

Containment Venting

Venting of the containment atmosphere prior to accumulation of an explosive mixture of
hydrogen in the containment would obviate dependence on the recombiner, provided the
radioactive constituents of the atmosphere can be trapped or safely dispersed in the
environment. An assessment of this procedure for use at the Ginna Station site leads to the
following conclusions.
A. Venting must be accomplished before 6% by volume hydrogen is accumulated. A higher
concentration, if accidentally ignited, could result in dynamic overpressures capable of
damaging the containment.
B. Favorable meteorological conditions and/or protective action on behalf of the nearby
population would reduce the possible dose from venting the airborne activity at 21days to
an acceptable level.
It is concluded that proper protection of the health and safety of the public is served by
providing the recombiner system, thus avoiding the necessity of venting at any specific
time. However, the alternative means exists of avoiding a serious hazard by controlled
venting if for any reason the recombiners were not operable (Reference 30).
6.2.5.3
6.2.5.3.1

Design Evaluation
Hydrogen Production and Accumulation

Following a LOCA, hydrogen will be produced inside the reactor containment by reaction of
the zirconium in fuel cladding with water and steam, by radiolysis of the core and sump
solutions, by corrosion of aluminum and zinc, and by release of the hydrogen contained in the
reactor coolant system. The design evaluation of these sources of hydrogen are described
below. Major parameters and assumptions considered in the evaluation are summarized in
Table 6.2-34.
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6.2.5.3.1.1

Zirconium-Water Reaction

One of the major sources of hydrogen immediately following a LOCA is associated with the
reaction of the zircaloy/ZIRLOTM fuel cladding with water. Zirconium reacts with steam
according to the reaction:
Zr + 2H2O ZrO2 + 2H2
For each mole of zirconium that reacts, 2 moles of free hydrogen are produced.
The extent of the zirconium-water reaction depends on the effectiveness of the emergency
core cooling system (ECCS). A value of 5% of the total zircaloy/ZIRLOTM cladding mass
was considered as the amount of cladding that undergoes the zirc-water reaction. This is
consistent with the 10CFR50, paragraph 44 requirement that the fraction of the cladding
considered for hydrogen generation be 5 times the extent of the maximum calculated reaction
under 10CFR50, paragraph 46 (ECCS performance criteria assessment). Since this
calculated amount cannot exceed 1% of the cladding in the active core region, the assumed
value of 5% is a conservative and bounding value.
The zirconium cladding weight considered in the evaluation is included in Table 6.2-34, along
with other plant parameters and assumptions that were considered.
6.2.5.3.1.2

Radiolytic Hydrogen Generation

Water radiolysis is a complex process involving reactions of numerous intermediates. However,
the overall radiolytic process can be described by the reaction:
H2O H2 + 1/2 O2
Water is decomposed into free hydrogen and oxygen by the absorption of energy emitted by
fission products contained in the fuel and fission products intimately mixed with the LOCA
water. The rate of production of gases from radiolysis of coolant solutions depends on (1) the
amount and quality of radiation energy absorbed in the specific coolant solutions and (2) the
net yield of hydrogen generated from the solution due to the absorbed radiation energy.
Factors such as coolant flow rates and turbulence, chemical additives in the coolant,
impurities, and coolant temperature can all exert an influence on the gas yields from
radiolysis.
Post-accident conditions in the containment create two distinct radiolytic environments. One
environment exists inside the reactor vessel, where radiolysis can occur when energy emitted
by decaying fission products in the fuel is absorbed by the solution pumped through the
reactor to cool the core. The other environment exists outside the reactor vessel, in the
containment sump solution, where radiolysis can also occur when decay energy emitted by
dissolved fission products is absorbed by the sump solution. The two basic differences
between the core environment and the sump environment that affect the rate of hydrogen
production are the rate of energy absorption and the type of flow regime.
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The assumptions given in Regulatory Guide 1.7 were used to determine the fission product
distribution after the accident. This distribution is assumed to occur instantaneously after the
accident, and the hydrogen production is assumed to begin immediately. All noble gas
activity is released from the fuel and is present in the containment atmosphere. Fifty percent of
the halogens and one percent of the other fission products in the core are assumed to be
released from the fuel and intimately mixed with the water in the reactor sump. The total
decay energy (+ ) in the sump is tabulated in Table 6.2-35 and the total decay energy (+ )
available for deposition in the reactor core is included in Table 6.2-36. The values are based
on operation with extended fuel cycles prior to the accident. All of the energy listed is
considered to be absorbed by the sump solution, but only a fraction of the core energy is
considered to be absorbed by the solution. In the core, all of the beta energy and 90% of the
gamma energy is absorbed in the fuel/fuel cladding matrix, rather than the core solution.
Radiolytic decomposition of water is a reversible reaction. In the core, where the products of
radiolysis are continuously flushed away by the circulation of cooling solutions, there is little
chance for hydrogen and oxygen to accumulate. Consequently, recombination of hydrogen
and oxygen is assumed not to occur because significant quantities of the two reactants are not
available. The sump, however, is a relatively deep and static environment, where the
products of radiolysis are removed by molecular diffusion. Experimental tests simulating
sump conditions demonstrate that there is significant reverse reaction in the sump. Hence,
there is an apparent reduction in the quantity of hydrogen produced per unit energy absorbed.
The results of Westinghouse and Oak Ridge National Laboratory studies indicated maximum
hydrogen yields of 0.44 molecules per 100 eV for core radiolysis and 0.3 molecules per 100
eV for sump radiolysis. The results of these studies are published in References 32, 33, and
34. However, the design basis hydrogen formation rate of hydrogen is based on the conservative
recommendations of Regulatory Guide 1.7; that is, a hydrogen yield of 0.5 molecules per 100
eV of energy absorbed for both core and sump radiolysis.
The major assumptions considered in the analysis of radiolysis from core and sump solutions
are included in Table 6.2-34.
6.2.5.3.1.3

Corrosion of Materials

Following a LOCA, hydrogen may be produced inside the containment by corrosion of
aluminum, which is found in the containment as aluminum metal components. A tabulation
of the masses and areas of such components is included in Table 6.1-3.
Aluminum corrosion may be described by the overall reaction:
2 Al + 3 H2O Al2O3 + 3 H2
Three moles of hydrogen gas are produced for every two moles of aluminum that is oxidized.
Approximately 20 scf of hydrogen gas are produced for each pound of aluminum corroded.
The time-temperature cycle (Table 6.1-5) considered in the calculation of aluminum
corrosion is a representation of the postulated post-accident containment temperature
transient. The corrosion rates at various temperatures are shown in Figure 6.1-9. The
contribution of
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corrosion to the hydrogen accumulation in the containment following the DBA was evaluated
using these corrosion rates and the baseline aluminum inventory given in Table 6.1-3. No
credit was taken for the protective shielding effects of insulation or enclosures; i.e., complete
and continuous immersion in spray was assumed. Further, it was conservatively assumed that
the long term corrosion rate of aluminum is maintained at 200 mils/yr; consistent with
Regulatory Guide 1.7.
6.2.5.3.1.4

Initial Inventory in the RCS and Pressurizer

During normal operation of the plant, hydrogen is dissolved in the reactor coolant and is also
contained in the pressurizer vapor space. Following a LOCA, this hydrogen is assumed to be
immediately released to the containment atmosphere.
The initial inventory of hydrogen is based on the following:
a. Reactor coolant hydrogen concentration of 50 cm3 (STP)/kg of coolant.
b. Control banks of pressurizer heaters will modulate to control pressurizer heat losses to
maintain constant pressurizer temperature and pressure.
c. Bypass spray rate of 1 gal/min. (This value is conservative with respect to the actual plant
flow which is higher because the valves are normally full open.)
d. Normal liquid level in the pressurizer less the uncertainty or 45 percent.
e. Pressurizer power operated relief valves (PORVs) closed.
6.2.5.3.2

Effect of Recombiners

The hydrogen production rates, accumulated hydrogen inside the containment, and the effect
of recombiner initiation are presented in Figures 6.1-10, 6.1-12, and 6.2-80. Figure 6.1-10
presents the production rates from the time-dependent sources of hydrogen as a function of
time after LOCA. Figure 6.1-12 shows the accumulated hydrogen inventory in the
containment from the various sources with no recombiners in operation. Figure 6.2-80
shows the hydrogen concentration buildup for recombiner actuation at 24 hours, at 3.5
volume percent, and at 5.5 volume percent; along with the concentration buildup with no
recombiner actuation. Figure 6.2-80 assumes the hydrogen recombiner runs continuously
once started at a capacity of 100 cfm. The recombiner installed has a capacity of 350 cfm
and is expected to be operated intermittently to maintain the containment hydrogen
concentration less than 4 volume percent (Reference 40).
During the 2003 Refueling Outage it was discovered that the post-LOCA containment
hydrogen generation analysis of record (which is the basis for Figures 6.1-10, 6.1-12, and 6.280) did not include the aluminum inventory associated with the reactor vessel insulation. A
sensitivity analysis (Reference 46) was performed to determine the effect on the hydrogen
generation rate. The analysis determined that the time to reach a hydrogen concentration of
3.5 volume percent was reduced from approximately 8.8 days to 6.2 days and the time to
reach a concentration of 5.5 volume percent (without recombiner actuation) was reduced from
approximately 26 days to 21 days. The figures have not been revised to include the effects of
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the addition hydrogen generation and remain valid for showing the generation trend and
effect of the recombiners.
The capability of a hydrogen recombiner to maintain the containment hydrogen concentration
to well below the Regulatory Guide 1.7 flammability limit of 4 volume percent is illustrated
in Figure 6.2-80. The figure shows that the recombiner is effective at immediately limiting the
hydrogen concentration buildup in containment to the value at which it is initiated and
reducing the concentration thereafter.
Values greater than 4 volume percent of hydrogen are presented for illustrative purposes only.
There is no intent to operate at levels greater than 4 volume percent hydrogen. The design
limit is 4 volume percent which is consistent with Regulatory Guide 1.7.
6.2.6
6.2.6.1

CONTAINMENT LEAKAGE TESTING
Containment Design Leakage

The containment leakage limiting boundary is provided in the form of a single steel liner in
the vessel. Each system whose piping penetrates this boundary is designed to maintain
isolation of the containment from the outside environment. Provision is made to periodically
monitor leakage by pressurizing the penetrations and containment.
The leakage rate acceptance limits are specified in the Containment Leakage Rate Testing
Program as required by Technical Specification 5.5.15. This program contains leakage limits
for containment, isolation boundaries, containment air locks, and mini-purge valves with
leakage limits applicable in MODES 1, 2, 3, and 4. These leakage rate limits, under
hypothetical accident conditions and with minimum containment engineered safeguards
operating, will maintain public exposure below 10 CFR 100 guidelines.
6.2.6.2
6.2.6.2.1

Tests and Inspections
Design Criteria

The following design criteria related to containment and containment penetration leakage
testing were used during the licensing of Ginna Station. They represent the AIF revision of
proposed criteria issued by the AEC for comment on July 10, 1967 (see Section 3.1.1).
Conformance with 1972 General Design Criteria (GDC) of 10 CFR 50, Appendix A, as they
apply to containment and penetration leakage testing is discussed in Section 3.1.2. These
include GDC 16, 50, 52, 53, and 54. Leakage test compliance with 10 CFR 50, Appendix J, is
discussed in Section 6.2.6.3.
6.2.6.2.2

Initial Containment Leakage Rate Testing

CRITERION: Containment shall be designed so that integrated leakage rate testing can be
conducted at the peak pressure calculated to result from the design-basis
accident after completion and installation of all penetrations and the leakage rate
shall be measured over a sufficient period of time to verify its conformance with
required performance (AIF-GDC 54).
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After completion of the containment structure and installation of all penetrations and weld
channels, an initial integrated leakage rate test was conducted at the peak calculated accident
pressure (60 psig), maintained for a minimum of 24 hours, to verify that the leakage rate was
no greater than 0.1 wt % of the containment volume per day.
The absolute method was used, and a leakage test was also performed at a reduced pressure of
35 psig. Containment recirculation fan cooler (CRFC) units operated continuously
throughout the test to ensure good air mixing and temperature control. See Section 14.6.1.6.9
for additional details of these tests.
6.2.6.2.3

Periodic Containment Leakage Rate Testing (Type A Tests)

CRITERION: The containment shall be designed so that an integrated leakage rate can be
periodically determined by test during plant lifetime (AIF-GDC 55).
A leak rate test at the peak calculated accident pressure using the same method as the initial
leak rate test can be performed at any time during the operational life of the plant, provided
the plant is not in operation and precautions are taken to protect instruments and equipment
from damage.
Subsequent to the initial containment leakage test, periodic containment integrated leak rate
tests (i.e. Type A) were conducted at reduced pressure (35 psig), with appropriate
compensatory modifications to the leakage acceptance criteria. This practice is no longer
allowed following implementation of 10 CFR 50, Appendix J, Option B with all future
integrated leakage rate tests required to be performed at a pressure of 60 psig as specified in
Technical Specifications 5.5.15 (Reference 31).
The containment liner has channels attached to each seam weld, which are sealed with a
threaded plug. The channels were used during construction for acceptance testing of the liner
welds. The NRC position is that all containment liner weld channels will be vented to the
containment atmosphere during the containment integrated leak rate test unless it is
demonstrated that the weld channels will maintain their integrity when subject to the loading
conditions of a design-basis LOCA.
The weld channels were installed in conformance with ASTM A-36 and were attached with
1/4-in. continuous fillet welds that were tested by liquid penetrant and radiography. The
channel weld connections were tested to 69 psig. Thus, there is reasonable assurance that the
weld channels will maintain their integrity during the design-basis LOCA and leak rate tests
are conducted without venting the weld channels.
6.2.6.2.4

Provisions for Testing of Type B Penetrations

CRITERION: Provisions shall be made to the extent practical for periodically testing
penetrations which have resilient seals or expansion bellows to permit
leaktightness to be demonstrated at the peak pressure calculated to result from
occurrence of the design-basis accident (AIF-GDC 56).
A permanently piped monitoring system was provided such that all penetrations can be
checked for leaktight integrity at any time throughout the operating life of the plant. Leakage
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tests of Type B penetrations can be performed utilizing this monitoring system. Periodic
leakage tests are performed in accordance with the Containment Leakage Rate Testing
Program (Technical Specification 5.5.15).
Penetrations are designed with double seals so as to permit pressurization of the interior of the
penetration whenever a leak test is required. The containment air locks (i.e., the equipment
hatch and personnel hatch) are equipped with double-tongue, single-gasket seals with the
space between the tongues connected to the pressurization system. The system utilizes a
supply of clean, dry, compressed air, which will place the penetrations under an internal
pressure as required for the test. Leakage from the monitoring system is checked by
measurement of the integrated makeup air flow or by pressure decay. In the event excessive
leakage is discovered, each penetration can then be checked separately at any time.
6.2.6.2.5

Provisions for Testing of Isolation Valves (Type C)

CRITERION: Capability shall be provided to the extent practical for testing functional
operability of valves and associated apparatus essential to the containment
function for establishing that no failure has occurred and for determining that
valve leakage does not exceed acceptable limits (AIF-GDC 57).
Capability is provided to the extent practical for testing the functional operability of valves
and associated apparatus during periods of reactor shutdown. The Type C tests for
containment isolation valves are performed in accordance with Technical Specification
5.5.15, Containment Leakage Rate Testing Program.
6.2.6.3

Leakage Test Compliance with 10 CFR 50, Appendix J

In March 1978, the NRC staff issued Amendment No. 17 to the Provisional Operating
License for Ginna Station (Reference 16). The amendment modified the Ginna Technical
Specifications regarding containment testing for the purposes of clarification to satisfy the
requirements of Appendix J to 10 CFR 50, and granted certain exceptions to the appendix. In
May 1981, the NRC staff issued a safety evaluation report (Reference 17) that concluded that
no additional exemptions from the requirements of Appendix J were necessary as a result of
the evaluation, and with the amended Technical Specifications and the completion of certain
modifications, Ginna Station was in compliance with Appendix J to 10 CFR 50 with the only
exceptions being the exemptions granted in 1978.
As a result of the 1981 NRC evaluation, certain test connection configurations for lines inside
containment were modified to meet the requirements of Appendix J for type C leakage tests.
The modification involved installation of block valves and test connections for penetrations
107, 143, 202, 210, and 304. (See Table 6.2-15.)
Another modification resulting from the evaluation was to provide the capability to drain
fluid away from certain containment isolation valves and ensure exposure of the valves to
containment air test pressure. The following penetrations were thus modified:
•

Makeup to pressurizer relief tank (penetration 121a).

•

Reactor coolant system charging (penetration 100).
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•

Reactor coolant system alternate charging (penetration 102).

•

Reactor coolant pump A seal injection (penetration 106).

•

Reactor coolant pump B seal injection (penetration 110a).

•

Demineralized water (penetration 324).

•

Pressurizer liquid and gas sample (penetrations 206a and 207a).

•

Containment sump A (penetration 107).

On April 26, 1995, the NRC staff issued Amendment No. 59 to the Ginna Technical
Specifications (Reference 18). The amendment supported an RG&E request for a one-time
exemption from the requirements of 10 CFR 50, Appendix J, Section III.D.3. The NRC staff
approved the exemption (Reference 19) that allowed type C leakage tests for 129 containment
isolation valves to be waived during the 1995 MODE 6 (Refueling) outage and extended the
required two-year testing interval by up to one month to allow postponement of the testing of
these valves until the 1996 refueling) outage.
Subsequent to this, RG&E implemented 10 CFR 50, Appendix J, Option B (Reference 31)
which specifies frequencies of Type A, B, and C tests based on previous test performance.
Implementation of Option B voided all previous exemptions to Appendix J. The testing
program used to meet Option B is contained in Technical Specification 5.5.15, Containment
Leakage Rate Testing Program.
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Table 6.2-1
SYSTEM PARAMETERS INITIAL CONDITIONS
Parameters

Value

Core Thermal Power (MWt)

1811.0

RCS Total Flow Rate (lbm/sec)

18,000.0

Vessel Outlet Temperaturea(F)

615.8

Core Inlet Temperaturea(F)

544.2

Vessel Average Temperaturea (F)

580

Initial Steam Generator Steam Pressure (psia)

855.0

Steam Generator Design

BWI

SGTP (%)

0

Initial Steam Generator Secondary Side Mass (lbm)

108,548.0

Assumed Maximum Containment Backpressure (psia)

74.7

Accumulator
Water volume (ft3 per accumulator (minimum)b
N2 cover gas pressure (psia) (minimum)
Temperature (F)

1090
714.7
125

SI Start Time. (sec) [total time from beginning of event,
which includes the maximum delay from reaching the
setpoint]

35.1

Auxiliary Feedwater Flow (gpm/steam generator)
(Minimum Safeguards)

0

Auxiliary Feedwater Flow (gpm/steam generator)
(Maximum Safeguards)

170

NOTES: Core thermal power, RCS total flow rate, RCS coolant temperatures, and steam
generator secondary side mass include appropriate uncertainty and/or allowance.
a.

RCS coolant temperatures include +4.0F allowance for instrument error and deadband.

b.

Does not include accumulator line volume
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Table 6.2-2
SAFETY INJECTION FLOW - MINIMUM SAFEGUARDS
RCS Pressure (psia)

Total Flow (gpm)

Injection Mode (Reflood Phase)
14.7

1800

20

1776

40

1683

60

1580

80

<1466

100

1335

120

1170

140

820

214.7

600

314.7

600

414.7

600

514.7

600
Recirculation Mode

RCS Pressure (psia)

Total Flow (gpm)

14.7

1000
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Table 6.2-3
SAFETY INJECTION FLOW - MAXIMUM SAFEGUARDS
RCS Pressure (psia)

Total Flow (gpm)

Injection Mode (Reflood Phase)
14.7

4452

20

4449.8

40

4441.6

60

4433.4

80

4425.2

100

4417

114.7

4411

120

4408.7

140

4400.1

175

4385

176

994.5

214.7

978

314.7

933<

414.7

885.5

514.7

838
Recirculation Mode

RCS Presure (psia)

Total Flow (gpm)

0

3000
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Table 6.2-4
LOCA M&E RELEASE ANALYSIS - CORE DECAY HEAT FRACTION
Time (sec)

Decay Heat Generation Rate (Btu/Btu)

10

0.053876

15

0.050401

20

0.048018

40

0.042401

60

0.039244

80

0.037065

100

0.035466

150

0.032724

200

0.030936

400

0.027078

600

0.024931

800

0.023389

1000

0.022156

1500

0.019921

2000

0.018315

4000

0.014781

6000

0.013040

8000

0.012000

10,000

0.011262

15,000

0.010097

20,000

0.009350

40,000

0.007778

60,000

0.006958

80,000

0.006424

100,000

0.006021

150,000

0.005323

200,000

0.004847

400,000

0.003770

600,000

0.003201
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Time (sec)

Decay Heat Generation Rate (Btu/Btu)

800,000

0.002834

1,000,000

0.002580

2,000,000

0.001909

4,000,000

0.001355
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Table 6.2-5
DOUBLE-ENDED HOT LEG BREAK BLOWDOWN M&E RELEASE
Break Path No. 1*
Break Path No. 2**
Time

Flow

Seconds

Lbm/sec

0.00

0.00

0.001

45,065.95

0.002

Energy
Thousand Btu/
sec
0.00

Flow
0.00

Energy
Thousand Btu/
sec
0.00

28,537.79

45,064.06

28,535.37

45,254.64

28,656.36

45,003.49

28,491.46

0.003

44,802.27

28,369.59

44,258.93

28,014.05

0.10

36,007.58

23,129.05

25,762.22

16,272.75

0.20

33,879.18

21,695.19

22,306.78

13,977.66

0.30

32,871.20

21,005.54

19,831.00

12,228.22

0.40

31,688.51

20,248.83

18,641.74

11,288.26

0.50

31,383.05

20,060.14

17,887.68

10,651.04

0.60

30,740.72

19,702.77

17,389.10

10,206.29

0.70

30,419.88

19,596.76

17,028.02

9876.33

0.80

29,887.60

19,399.52

16,719.93

9602.59

0.90

28,937.73

18,921.36

16,527.38

9413.51

1.00

27,857.05

18,362.40

16,333.08

9236.01

1.10

26,841.71

17,840.58

16,192.69

9099.69

1.20

25,842.44

17,325.35

16,092.64

8993.09

1.30

24,770.61

16,745.20

16,033.65

8915.39

1.40

23,626.93

16,100.72

16,013.76

8864.12

1.50

22,480.79

15,446.54

16,025.68

8834.91

1.60

21,319.25

14,727.98

16,054.92

8818.92

1.70

20,519.18

14,209.65

16,097.73

8814.06

1.80

19,864.61

13,952.94

16,143.57

8814.28

1.90

18,896.99

13,557.88

16,184.57

8815.36

2.00

17,968.39

13,007.59

16,212.26

8812.47

2.10

17,501.39

12,616.12

16,226.14

8805.34

2.20

17,338.50

12,341.13

16,229.06

8794.99

2.30

17,269.50

12,130.22

16,218.10

8779.66

2.40

17,170.36

11,938.65

16,190.57

8757.66

2.50

17,017.52

11,750.35

16,143.99

8727.32
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Break Path No. 1*
Time

Flow

Seconds

Lbm/sec

2.60

Break Path No. 2**
Flow

16,828.55

Energy
Thousand Btu/
sec
11,565.86

16,076.61

Energy
Thousand Btu/
sec
8687.53

2.70

16,642.76

11,395.89

15,984.10

8635.69

2.80

16,496.42

11,257.72

15,862.01

8569.17

2.90

16,396.55

11,159.79

15,687.98

8475.76

3.00

16,335.54

11,079.09

15,448.90

8348.41

3.10

16,328.66

11,016.89

15,197.54

8215.79

3.20

16,376.88

10,972.11

14,929.65

8075.65

3.30

16,453.94

10,939.35

14,645.51

7927.78

3.40

16,540.89

10,916.00

14,335.07

7766.43

3.50

16,618.81

10,891.66

13,982.75

7583.28

3.60

16,672.13

10,864.45

13,596.10

7382.25

3.70

16,661.20

10,818.05

13,189.52

7171.26

3.80

16,636.42

10,768.96

12,758.16

6948.23

3.90

16,621.33

10,725.79

12,339.57

6732.82

4.00

16,614.19

10,685.05

11,916.58

6516.41

4.20

16,599.60

10,603.37

11,096.60

6099.71

4.40

16,658.75

10,546.93

10,325.27

5709.52

4.60

13,159.46

8914.19

9586.29

5335.15

4.80

13,252.49

8968.85

8921.34

4999.69

5.00

13,038.55

8783.27

8340.47

4708.44

5.20

12,872.33

8653.67

7840.70

4459.64

5.40

12,784.91

8541.17

7410.77

4246.97

5.60

12,586.65

8384.69

7033.31

4060.76

5.80

12,432.88

8193.30

6698.89

3896.28

6.00

11,947.50

7918.23

6397.06

3748.33

6.20

11,733.43

7752.72

6121.30

3613.87

6.40

11,473.15

7565.67

5867.65

3490.95

6.60

11,175.75

7360.29

5627.36

3375.27

6.80

10,830.57

7133.20

5399.71

3266.67
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Break Path No. 1*
Time

Flow

Seconds

Lbm/sec

7.00

Break Path No. 2**
Flow
Lbm/sec

10,420.26

Energy
Thousand Btu/
sec
6880.95

5176.94

Energy
Thousand Btu/
sec
3161.20

7.20

9951.66

6609.98

4953.14

3055.69

7.40

9444.85

6329.28

4715.50

2944.70

7.60

8925.93

6036.97

4463.91

2831.15

7.80

8511.40

5804.66

4208.15

2721.00

8.00

7985.42

5542.55

3945.89

2612.73

8.20

7524.41

5299.57

3684.20

2507.79

8.40

7080.88

5064.44

3427.37

2405.78

8.60

6588.57

4813.83

3184.13

2308.48

8.80

5930.63

4517.78

2970.47

2222.37

9.00

5286.46

4250.25

2763.54

2125.98

9.20

4712.65

3985.92

2563.50

2034.82

9.40

4190.85

3741.39

2369.15

1956.14

9.60

3680.06

3510.26

2177.80

1880.52

9.80

3163.36

3217.52

2002.93

1805.41

10.00

2849.00

2911.10

1856.17

1738.34

10.20

2655.22

2704.79

1730.61

1676.33

10.40

2419.32

2526.89

1619.47

1623.95

10.60

2150.65

2342.90

1505.33

1581.30

10.80

1874.87

2133.68

1389.56

1536.35

11.00

1682.71

1960.73

1279.29

1484.78

11.20

1510.21

1754.79

1147.70

1385.59

11.40

1119.86

1323.91

1027.99

1260.71

11.60

723.34

881.31

949.33

1169.69

11.80

428.85

528.49

899.40

1110.52

12.00

243.21

299.47

818.88

1013.35

12.20

167.17

205.14

696.94

864.48

12.40

128.12

157.62

631.67

786.09

12.60

206.60

259.19

592.82

738.55
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Break Path No. 1*
Time

Flow

Seconds

Lbm/sec

12.80

Break Path No. 2**
Flow
Lbm/sec

316.54

Energy
Thousand Btu/
sec
401.96

525.76

Energy
Thousand Btu/
sec
655.78

13.00

315.80

400.24

454.88

568.30

13.20

0.00

0.00

396.05

495.59

13.40

0.00

0.00

346.78

434.54

13.60

0.00

0.00

292.99

367.73

13.80

359.79

459.35

245.98

309.23

14.00

447.50

567.97

200.75

253.03

14.20

451.17

570.49

198.97

251.27

14.40

488.74

591.81

207.43

262.04

14.60

454.11

563.16

202.38

255.54

14.80

419.04

524.48

197.48

249.51

15.00

472.75

572.98

188.11

237.89

15.20

462.52

570.70

178.68

226.04

15.40

448.68

551.14

174.09

220.46

15.60

444.78

546.51

170.35

215.86

15.80

162.53

208.06

171.75

217.66

16.00

71.22

92.48

142.85

181.14

16.20
0.00
0.00
0.00
* - Mass and Energy exiting the Reactor Vessel (RV) side of the break
** - Mass and Energy exiting from the SG side of the break
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Table 6.2-6
DOUBLE-ENDED HOT LEG BREAK - MASS BALANCE

0.00

Time (Seconds)
16.20
16.20

Mass (Thousand lbm)
Initial

In RCS and Accumulators

403.55

403.55

403.55

Added Mass

Pumped Injection

0.00

0.00

0.00

Total Added

0.00

0.00

0.00

403.55

403.55

403.55

Reactor Coolant

265.54

45.90

52.05

Accumulator

138.01

103.14

96.98

Total Contents

403.55

149.04

149.04

Break Flow

0.00

254.51

254.51

ECCS Spill

0.00

0.00

0.00

Total Effluent

0.00

254.51

254.51

403.55

403.55

403.55

***Total Available***
Distribution

Effluent

***Total Accountable***
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Table 6.2-7
DOUBLE-ENDED HOT LEG BREAK - ENERGY BALANCE

0.00

Time (Seconds)
16.20
16.20

Energy (Million Btu)
Initial Energy

In RCS, Accumulators, SG

423.03

423.03

423.03

Added Energy

Pumped Injection

0.00

0.00

0.00

Decay Heat

0.00

2.89

2.89

Heat from Secondary

0.00

-1.04

-1.04

Total Added

0.00

1.85

1.85

423.03

424.88

424.88

Reactor Coolant

153.86

11.71

12.26

Accumulator

13.08

9.77

9.22

Core Stored

15.53

6.61

6.61

Primary Metal

84.70

79.61

79.61

Secondary Metal

36.76

35.71

35.71

Steam Generator

119.10

114.97

114.97

Total Contents

423.03

258.38

258.38

Break Flow

0.00

166.17

166.17

ECCS spill

0.00

0.00

0.00

Total Effluent

0.00

166.17

166.17

423.03

424.55

424.55

***Total Available***
Distribution

Effluent

***Total Accountable***
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Table 6.2-8
DOUBLE-ENDED PUMP SUCTION BREAK MIN SI
BLOWDOWN M&E RELEASE
Break Path No. 1*
Break Path No. 2**
Time

Flow
Mass lbm/sec

Energy
Thousand
Btu/ sec

Flow
Mass lbm/sec

Energy
Thousand
Btu/ sec

Seconds
0.00

0.00

0.00

0.00

0.00

0.0010

83,175.48

44,548.02

39,062.43

20,881.94

0.0020

39,933.04

21,348.04

39,667.09

21,204.27

0.0030

39,924.60

21,344.34

39,452.84

21,088.90

0.0041

39,918.34

21,341.56

39,222.19

20,964.59

0.10

39,695.23

21,291.82

19,431.21

10,377.68

0.20

40,333.13

21,778.56

21,147.26

11,302.95

0.30

41,066.08

22,365.74

22,326.07

11,940.55

0.40

41,839.35

23,023.09

22,700.47

12,146.71

0.50

42,591.52

23,711.47

22,462.94

12,025.49

0.60

43,047.34

24,251.68

22,065.12

11,818.89

0.70

43,043.49

24,525.09

21,665.72

11,610.46

0.80

42,387.09

24,400.93

21,347.73

11,444.85

0.90

41,364.85

24,042.74

21,117.38

11,324.86

1.00

40,229.43

23,599.14

20,914.73

11,218.28

1.10

39,016.10

23,089.96

20,691.79

11,099.55

1.20

37,652.75

22,475.61

20,422.02

10,954.55

1.30

36,070.01

21,709.81

20,108.43

10,785.69

1.40

34,297.03

20,815.93

19,875.46

10,660.12

1.50

32,899.07

20,160.55

19,660.73

10,544.56

1.60

31,826.62

19,732.84

19,386.24

10,396.52

1.70

30,676.21

19,278.53

19,050.08

10,214.82

1.80

29,305.13

18,701.94

18,692.09

10,021.20

1.90

27,569.23

17,903.00

18,325.42

9822.98

2.00

22,470.06

14,819.33

17,939.10

9614.21

2.10

18,720.51

12,575.23

17,539.53

9398.39
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Break Path No. 1*
Time

Flow

Seconds

Mass lbm/sec

2.20

Break Path No. 2**
Flow
Mass lbm/sec

16,421.07

Energy
Thousand
Btu/ sec
11,199.91

17,136.14

Energy
Thousand
Btu/ sec
9181.22

2.30

14,597.80

10,052.62

16,841.65

9023.64

2.40

13,354.36

9263.90

16,631.92

8912.53

2.50

12,583.00

8780.69

16,457.27

8820.81

2.60

12,077.35

8467.88

16,063.86

8610.10

2.70

11,659.20

8209.13

15,604.64

8364.76

2.80

11,258.86

7965.20

15,272.09

8188.58

2.90

10,891.16

7754.20

15,015.15

8053.67

3.00

10,545.44

7569.29

14,786.97

7934.36

3.10

10,198.25

7390.20

14,571.60

7821.84

3.20

9859.84

7220.50

14,369.44

7716.53

3.30

9543.44

7065.19

14,185.70

7621.42

3.40

9260.64

6927.12

14,004.69

7527.71

3.50

9007.64

6801.49

13,828.29

7436.60

3.60

8790.78

6690.71

13,660.59

7350.40

3.70

8606.45

6593.97

13,761.05

7411.40

3.80

8449.48

6510.12

13,959.38

7523.67

3.90

8311.89

6434.84

13,947.46

7521.18

4.00

8186.32

6362.67

13,992.60

7550.45

4.20

7979.39

6238.35

13,988.55

7557.31

4.40

7808.32

6121.55

13,860.21

7495.85

4.60

7641.20

5994.20

13,569.64

7345.41

4.80

7470.29

5843.97

13,223.82

7165.37

5.00

7522.02

5833.76

12,835.33

6962.83

5.20

7723.41

6007.37

12,530.48

6806.97

5.40

7184.58

5961.29

11,981.65

6517.23

5.60

6511.91

5668.97

11,505.52

6266.97

5.80

6177.34

5440.99

11,061.16

6032.76

6.00

5960.94

5231.86

10,638.86

5810.50
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Break Path No. 1*
Time

Flow

Seconds

Mass lbm/sec

6.20
6.40
6.60
6.80

Break Path No. 2**
Flow
Mass lbm/sec

5773.74
5581.24
5386.10
5196.85

Energy
Thousand
Btu/ sec
5022.08
4802.46
4577.87
4356.51

10,210.77
9775.14
9349.66
8953.32

Energy
Thousand
Btu/ sec
5584.98
5354.76
5128.97
4902.02

7.00
7.20

5000.82
4797.66

4138.39
3934.58

8602.72
8319.49

4657.15
4416.01

7.40
7.60

4643.68
4528.48

3766.83
3625.12

8405.85
8216.58

4358.91
4173.87

7.80
8.00
8.20

4429.52
4321.62
4206.07

3513.67
3416.58
3329.71

8201.29
7780.23
7719.67

4092.83
3822.38
3737.15

8.40
8.60

4084.48
3956.94

3251.51
3178.28

7129.47
7117.78

3406.90
3355.38

8.80
9.00
9.20

3822.59
3679.26
3529.91

3111.51
3051.49
2996.46

6684.48
6471.72
6249.86

3115.25
2980.10
2843.01

9.40
9.60

3371.36
3201.45

2948.36
2902.32

5870.35
5567.23

2639.61
2473.39

9.80
10.00

3017.05
2822.39

2863.57
2832.26

5349.51
5095.43

2346.27
2205.60

10.20

2606.62

2801.01

4796.79

2048.84

10.40

2305.51

2682.72

4445.58

1871.51

10.60

1968.32

2412.85

4048.16

1672.42

10.601
10.6015

1967.69
1966.92

2412.17
2411.32

4047.53
4046.78

1672.07
1671.68

10.602
10.80

1966.32
1682.96

2410.68
2081.74

4046.21
3796.05

1671.37
1525.70

11.00
11.20

1459.87
1275.64

1812.59
1588.04

3663.18
3555.16

1420.33
1327.50

11.40
11.60

1077.75
907.04

1345.70
1134.65

3380.62
3055.35

1221.25
1074.61

11.80

768.47

962.66

2752.42

949.44
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Break Path No. 1*
Time

Flow

Seconds

Mass lbm/sec

12.00

Break Path No. 2**
Flow
Mass lbm/sec

644.61

Energy
Thousand
Btu/ sec
808.35

2439.09

Energy
Thousand
Btu/ sec
827.89

12.20

538.26

675.62

2112.21

704.41

12.40

438.53

550.87

1758.46

574.92

12.60

340.62

428.18

1377.99

441.62

12.80

238.97

300.67

969.51

305.42

13.00

136.63

172.17

542.90

169.11

13.20

28.42

35.95

135.48

42.09

13.40

0.00

0.00

0.00

0.00

* - Mass and Energy exiting the SG side of the break
** - Mass and Energy exiting the pump side of the break
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Table 6.2-9
DOUBLE-ENDED PUMP SUCTION BREAK MIN SI
Reflood M&E Releases
Break Path No. 1*
Time
Seconds

Flow
lbm/sec

Energy
Thousand Btu/
sec

Break Path No. 2**
Flow
lbm/sec

Energy
Thousand Btu/
sec

13.88

0.00

0.00

0.00

0.00

14.08

0.00

0.00

0.00

0.00

14.18

0.00

0.00

0.00

0.00

14.28

0.00

0.00

0.00

0.00

14.33

0.00

0.00

0.00

0.00

14.43

65.71

77.65

0.00

0.00

14.53

16.22

19.16

0.00

0.00

14.65

8.99

10.62

0.00

0.00

14.75

13.77

16.27

0.00

0.00

14.85

18.89

22.32

0.00

0.00

14.95

24.05

28.42

0.00

0.00

15.05

28.06

33.15

0.00

0.00

15.15

32.53

38.44

0.00

0.00

15.25

36.75

43.43

0.00

0.00

15.35

40.81

48.23

0.00

0.00

15.45

44.72

52.84

0.00

0.00

15.55

48.48

57.29

0.00

0.00

15.65

52.11

61.58

0.00

0.00

15.68

53.00

62.63

0.00

0.00

15.75

55.61

65.72

0.00

0.00

15.85

58.98

69.71

0.00

0.00

15.95

61.80

73.04

0.00

0.00

16.05

64.47

76.19

0.00

0.00

16.15

67.04

79.23

0.00

0.00

16.25

69.55

82.19

0.00

0.00

16.35

71.98

85.07

0.00

0.00

16.45

74.35

87.87

0.00

0.00
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Break Path No. 1*
Time
Seconds

Flow
lbm/sec

Energy
Thousand Btu/
sec

Break Path No. 2**
Flow
lbm/sec

Energy
Thousand Btu/
sec

17.45

95.22

112.55

0.00

0.00

18.46

112.74

133.28

0.00

0.00

19.48

127.55

150.81

0.00

0.00

20.14

136.83

161.80

0.00

0.00

20.49

141.38

167.18

0.00

0.00

21.49

168.49

199.29

861.25

109.54

22.58

266.13

315.17

2642.93

339.88

23.58

269.59

319.29

2684.11

347.20

24.58

266.24

315.30

2642.94

343.06

25.08

264.47

313.20

2621.05

340.79

25.58

262.71

311.11

2599.22

338.51

26.58

259.28

307.04

2556.10

334.01

27.58

255.98

303.11

2513.95

329.59

28.58

252.80

299.34

2472.88

325.29

29.58

249.76

295.71

2432.95

321.10

30.58

246.83

292.24

2394.16

317.02

31.58

244.03

288.91

2356.50

313.07

32.58

241.34

285.71

2319.94

309.23

33.58

238.75

282.65

2284.43

305.50

34.58

236.27

279.70

2249.95

301.87

35.58

244.96

290.02

2393.29

311.20

36.58

242.64

287.26

2361.07

307.81

36.68

242.41

286.99

2357.90

307.48

37.58

240.41

284.61

2329.74

304.52

38.58

238.25

282.05

2299.24

301.32

39.58

236.17

279.58

2269.55

298.20

40.58

234.17

277.20

2240.63

295.16

41.58

232.23

274.89

2212.44

292.20

42.58

230.35

272.66

2184.96

289.31
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Break Path No. 1

Break Path No. 2

Time
Seconds

Mass lbm/sec

Energy
Thousand Btu/
sec

Mass lbm/sec

Energy
Thousand Btu/
sec

43.18

229.25

271.36

2168.79

287.60

43.58

228.52

270.50

2158.15

286.48

44.58

170.14

201.25

1094.21

175.76

45.58

203.38

240.65

177.01

96.19

46.58

201.34

238.24

176.17

95.18

47.58

199.03

235.51

175.25

94.04

48.58

196.73

232.77

174.32

92.91

49.58

194.41

230.03

173.40

91.78

50.58

192.09

227.27

172.47

90.65

51.58

189.73

224.47

171.53

89.50

52.58

187.44

221.76

170.62

88.39

53.58

185.15

219.05

169.72

87.29

54.58

182.86

216.33

168.81

86.18

55.58

180.56

213.60

167.90

85.07

56.58

178.25

210.87

167.00

83.97

57.58

175.94

208.13

166.09

82.86

58.28

174.32

206.21

165.46

82.09

58.58

173.63

205.38

165.18

81.76

59.58

171.30

202.63

164.28

80.65

60.58

168.97

199.87

163.37

79.55

61.58

166.63

197.09

162.47

78.45

62.58

164.28

194.31

161.56

77.34

63.58

161.93

191.52

160.66

76.24

64.58

159.57

188.73

159.75

75.14

65.58

157.21

185.93

158.85

74.04

66.58

154.84

183.13

157.95

72.95

67.58

152.48

180.32

157.05

71.86

68.58

150.10

177.51

156.51

70.77

69.58

147.73

174.70

155.26

69.68
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Break Path No. 1

Break Path No. 2

Time
Seconds

Mass lbm/sec

Energy
Thousand Btu/
sec

Mass lbm/sec

Energy
Thousand Btu/
sec

70.58

145.36

171.89

154.37

68.60

71.58

142.99

169.08

153.48

67.52

72.58

140.61

166.28

152.60

66.45

73.58

138.25

163.47

151.72

65.38

74.58

135.88

160.67

150.84

64.32

76.18

132.11

156.20

149.46

62.63

76.58

131.17

155.09

149.11

62.21

78.58

126.48

149.54

147.40

60.14

80.58

121.83

144.03

145.72

58.11

82.58

117.21

138.57

144.07

56.11

84.58

112.65

133.18

142.45

54.15

86.58

108.15

127.85

140.88

52.24

88.58

103.73

122.62

139.34

50.38

90.58

99.38

117.48

137.85

48.58

92.58

95.12

112.44

136.41

46.84

94.58

90.96

107.52

135.01

45.16

96.58

86.91

102.72

133.68

43.54

98.58

82.97

98.06

132.39

41.99

99.58

81.04

95.78

131.77

41.25

100.58

79.14

93.54

131.17

40.52

102.58

75.43

89.16

130.00

39.11

104.58

71.86

84.93

128.89

37.77

106.58

68.42

80.87

127.85

36.51

108.58

65.13

76.98

126.86

35.33

110.58

63.22

74.72

125.86

34.14

112.58

61.78

73.01

124.92

33.03

114.58

60.40

71.37

124.01

31.95

116.58

59.07

69.81

123.14

30.92

118.58

57.80

68.31

122.30

29.92
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Break Path No. 1

Break Path No. 2

Time
Seconds

Mass lbm/sec

Energy
Thousand Btu/
sec

Mass lbm/sec

Energy
Thousand Btu/
sec

120.58

56.59

66.87

121.49

28.97

122.58

55.43

65.51

120.71

28.05

124.58

54.33

64.20

119.96

27.17

126.58

53.28

62.97

119.25

26.32

128.58

52.29

61.80

118.56

25.51

130.58

51.35

60.69

117.91

24.74

132.58

50.47

59.64

117.29

24.01

133.18

50.21

59.33

117.11

23.80

134.58

49.63

58.65

116.70

23.31

136.58

48.84

57.71

116.14

22.65

138.58

48.10

56.84

115.60

22.02

140.58

47.40

56.02

115.10

21.42

142.58

46.75

55.25

114.62

20.85

144.58

46.14

54.53

114.17

20.32

146.58

45.58

53.86

113.74

19.81

148.58

45.05

53.23

113.34

19.34

150.58

44.56

52.65

112.96

18.89

152.58

44.10

52.11

112.60

18.47

154.58

43.67

51.61

112.26

18.07

156.58

43.28

51.14

111.95

17.70

158.58

42.92

50.71

111.65

17.35

160.58

42.58

50.32

111.38

17.02

162.58

42.28

49.96

111.12

16.71

164.58

42.00

49.63

110.88

16.43

166.58

41.75

49.33

110.65

16.16

168.58

41.51

49.06

110.44

15.91

170.58

41.30

48.81

110.24

15.68

172.58

41.11

48.58

110.06

15.47
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Break Path No. 1

Break Path No. 2

Time
Seconds

Mass lbm/sec

Energy
Thousand Btu/
sec

Mass lbm/sec

Energy
Thousand Btu/
sec

174.58

40.94

48.38

109.89

15.27

176.58

40.79

48.20

109.74

15.08

176.78

40.78

48.19

109.72

15.07

178.58

40.66

48.04

109.59

14.91

180.58

40.53

47.90

109.46

14.75

182.58

40.43

47.77

109.33

14.61

184.58

40.34

47.66

109.22

14.47

186.58

40.26

47.57

109.11

14.34

188.58

40.19

47.49

109.01

14.23

190.58

40.13

47.42

108.92

14.12

192.58

40.08

47.36

108.84

14.02

194.58

40.04

47.32

108.76

13.93

196.58

40.01

47.28

108.69

13.85

198.58

39.99

47.26

108.62

13.77

200.58

39.98

47.24

108.56

13.70

202.58

39.97

47.23

108.51

13.63

204.58

39.96

47.22

108.46

13.57

206.58

39.96

47.22

108.41

13.51

208.58

39.97

47.23

108.36

13.46

210.58

39.98

47.24

108.32

13.41

212.58

40.00

47.26

108.29

13.37

214.58

40.02

47.29

108.26

13.33

216.58

40.04

47.32

108.23

13.30

218.58

40.07

47.35

180.20

13.27

220.58

40.10

47.39

108.18

13.24

222.58

40.14

47.43

108.16

13.21

224.58

40.18

47.48

108.14

13.19

226.08

40.21

47.52

108.13

13.18
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Table 6.2-10
DOUBLE-ENDED PUMP SUCTION BREAK
Min SI Principle Parameters During Reflood
Time
(sec)

Flooding
Temp
(F)

Flooding
Rate
(in/sec)

Carryover
Fraction

Core Height
( ft.)

Downcomer
Height
(ft.)

Flow
Fraction

Injection
Total

Injection
Accumulator

Injection
Spill

Enthalpy
Btu/lbm

(Pounds mass per second)
13.4

157.0

0.000

0.000

0.00

0.00

0.500

0.0

0.0

0.0

0.0

14.1

156.3

22.870

0.000

0.57

1.07

0.000

3972.6

3972.6

0.0

94.77

14.28

155.9

25.183

0.000

0.98

1.15

0.000

3951.5

3951.5

0.0

94.77

14.33

155.8

24.975

0.000

1.08

1.16

0.000

3941.0

3941.0

0.0

94.77

15.7

156.1

2.590

0.292

1.50

3.88

0.518

3797.5

3797.5

0.0

94.77

16.5

156.3

2.533

0.391

1.61

5.51

0.554

3726.4

3726.4

0.0

94.77

20.1

158.3

2.831

0.600

2.00

12.90

0.595

3432.4

3432.4

0.0

94.77

22.6

159.6

4.087

0.667

2.25

15.82

0.722

3202.4

3202.4

0.0

94.77

24.6

160.7

3.931

0.691

2.46

15.83

0.722

3082.5

3082.5

0.0

94.77

25.1

161.0

3.888

0.695

2.51

15.83

0.721

3054.8

3054.8

0.0

94.77

30.6

164.4

3.570

0.716

3.01

15.83

0.712

2785.7

2785.7

0.0

94.77

34.6

166.9

3.422

0.721

3.33

15.83

0.706

2622.0

2622.0

0.0

94.77

35.6

167.6

3.500

0.724

3.41

15.83

0.713

2776.2

2575.0

0.0

93.12

36.7

168.3

3.467

0.725

3.50

15.83

0.712

2736.5

2535.1

0.0

93.10

43.2

172.6

3.304

0.728

4.00

15.83

0.704

2526.1

2323.8

0.0

92.95

44.6

173.5

2.735

0.719

4.10

15.83

0.639

1369.2

1163.7

0.0

91.36

50.6

177.7

2.911

0.725

4.51

14.90

0.672

204.1

0.0

0.0

72.03

58.3

183.5

2.665

0.722

5.00

13.72

0.668

204.6

0.0

0.0

72.03

67.6

191.1

2.367

0.718

5.55

12.52

0.662

205.1

0.0

0.0

72.03
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Time
(sec)

Flooding
Temp
(F)

Flooding
Rate
(in/sec)

Carryover
Fraction

Core Height
( ft.)

Downcomer
Height
(ft.)

Flow
Fraction

Injection
Total

Injection
Accumulator

Injection
Spill

Enthalpy
Btu/lbm

(Pounds mass per second)
76.2

198.3

2.092

0.713

6.00

11.61

0.653

205.5

0.0

0.0

88.6

208.6

1.713

0.704

6.57

10.65

0.634

206.0

0.0.0

0.0

72.03
0.0
72.03

99.6

217.3

1.412

0.695

7.00

10.12

0.609

206.4

0.0.0

0.0

72.03

116.6

228.5

1.105

0.683

7.55

9.76

0.577

206.6

0.0.0

0.0

72.03

133.2

237.2

0.953

0.677

8.00

9.70

0.574

206.6

0.0.0

0.0

72.03

154.6

246.5

0.834

0.673

8.52

9.87

0.574

206.5

0.0.0

0.0

72.03

176.8

254.5

0.775

0.673

9.00

10.21

0.577

206.5

0.0.0

0.0

72.03

202.6

262.5

0.749

0.676

9.53

10.70

0.582

206.5

0.0.0

0.0

72.03

226.1

268.9

0.743

0.681

10.00

11.17

0.587

206.5

0.0.0

0.0

72.03
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Table 6.2-11
DOUBLE-ENDED PUMP SUCTION BREAK
Post Reflood M&E Release-Minimum Safeguards
Time

Break Path No. 1*

Break Path No. 2**

Seconds

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

226.10

88.84

113.36

140.09

50.95

231.10

88.62

113.07

139.98

50.82

236.10

88.39

112.78

139.87

50.69

241.10

88.16

112.49

139.76

50.56

246.10

87.93

112.20

139.65

50.43

251.10

87.71

111.91

139.54

50.30

256.10

87.48

111.62

139.43

50.17

261.10

88.65

113.11

139.32

50.04

266.10

88.42

112.82

139.21

49.91

271.10

88.18

112.52

139.10

49.78

276.10

87.95

112.22

138.99

49.65

281.10

87.72

111.93

138.88

49.52

286.10

87.49

111.63

138.77

49.39

291.10

87.25

111.33

138.66

49.26

296.10

87.02

111.04

138.55

49.13

301.10

88.17

112.50

138.44

48.99

306.10

87.93

112.19

138.32

48.86

311.10

87.69

111.89

138.21

48.73

316.10

87.45

111.59

138.10

48.60

321.10

87.21

111.28

137.98

48.46

326.10

86.98

110.98

137.87

48.33

331.10

86.74

110.67

137.76

48.19

336.10

87.86

112.11

137.64

48.06

341.10

87.62

111.80

137.53

47.92

346.10

87.37

111.48

137.42

47.79

351.10

87.13

111.17

137.30

47.65

Page 135 of 285

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 6 ENGINEERED SAFETY FEATURES

Time

Break Path No. 1*

Break Path No. 2**

Seconds

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

356.10

86.88

110.86

137.19

47.52

361.10

86.64

110.55

137.07

47.38

366.10

86.40

110.24

136.96

47.24

371.10

87.49

111.64

136.84

47.11

376.10

85.90

109.61

138.46

49.03

381.10

85.66

109.30

138.34

48.88

386.10

85.41

108.99

138.22

48.74

391.10

85.17

108.67

138.09

48.59

396.10

84.92

108.36

137.97

48.44

401.10

86.02

109.76

137.84

48.30

406.10

85.85

109.54

137.72

48.15

411.10

85.67

109.32

137.60

48.01

416.10

85.50

109.10

137.48

47.87

421.10

85.33

108.87

137.36

47.72

426.10

85.15

108.65

137.24

47.58

431.10

84.98

108.43

137.12

47.44

436.10

84.80

108.21

136.99

47.29

441.10

85.93

109.65

136.87

47.15

446.10

85.75

109.42

136.75

47.00

451.10

85.57

109.19

136.63

46.86

456.10

85.39

108.95

136.50

46.71

461.10

85.21

108.72

136.38

46.56

466.10

85.03

108.49

136.25

46.42

471.10

84.84

108.26

136.13

46.27

476.10

85.95

109.67

136.00

46.12

481.10

85.76

109.42

135.88

45.97

486.10

85.57

109.18

135.75

45.82

491.10

85.38

108.94

135.63

45.67

496.10

85.19

108.70

135.50

45.52
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Time

Break Path No. 1*

Break Path No. 2**

Seconds

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

501.10

85.00

108.46

135.37

45.37

506.10

86.08

109.83

135.24

45.22

511.10

85.88

109.58

135.12

45.07

516.10

84.43

107.73

136.63

46.86

521.10

84.24

107.48

136.49

46.70

526.10

84.05

107.24

136.35

46.53

531.10

85.11

108.59

136.22

46.37

536.10

84.91

108.34

136.08

46.21

541.10

84.71

108.09

135.94

46.05

546.10

84.51

107.83

135.80

45.88

551.10

84.31

107.58

135.66

45.72

556.10

84.11

107.33

135.53

45.56

561.10

85.15

108.64

135.39

45.39

566.10

84.94

108.38

135.25

45.22

571.10

84.73

108.12

135.11

45.06

576.10

84.53

107.85

134.96

44.89

581.10

84.32

107.59

134.82

44.73

586.10

84.11

107.32

134.68

44.56

591.10

85.11

108.60

134.54

44.39

596.10

84.90

108.33

134.40

44.22

601.10

84.69

108.06

134.25

44.05

606.10

84.50

107.82

134.11

43.88

611.10

84.31

107.58

135.53

45.56

616.10

84.12

107.34

135.38

45.38

621.10

83.93

107.10

135.23

45.20

626.10

83.74

106.85

135.07

45.02

631.10

83.55

106.61

134.92

44.84

636.10

84.54

107.87

134.77

44.66

641.10

84.34

107.61

134.61

44.48
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Time

Break Path No. 1*

Break Path No. 2**

Seconds

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

646.10

84.14

107.36

134.46

44.30

651.10

83.94

107.10

134.30

44.11

656.10

83.74

106.85

134.15

43.93

661.10

84.70

108.07

133.99

43.74

666.10

84.49

107.80

133.84

43.56

671.10

84.28

107.54

133.68

43.37

676.10

84.07

107.27

133.52

43.19

681.10

83.86

107.00

134.86

44.77

686.10

83.64

106.73

134.69

44.57

691.10

83.43

106.46

134.52

44.37

696.10

83.22

106.19

134.36

44.17

701.10

83.01

105.91

134.19

43.97

706.10

83.91

107.07

134.01

43.77

711.10

83.69

106.79

133.84

43.57

716.10

83.47

106.50

133.67

43.36

721.10

83.24

106.22

133.50

43.16

726.10

84.12

107.34

133.33

42.96

731.10

83.89

107.04

133.15

736.10

82.56

105.34

134.42

42.75
44.25

741.10

83.42

106.45

134.24

44.03

746.10

83.19

106.14

134.05

43.81

751.10

82.95

105.84

133.87

43.59

756.10

82.71

105.54

133.68

43.37

761.10

83.55

106.60

133.49

43.15

766.10

83.30

106.28

133.30

42.93

771.10

83.05

105.97

133.11

42.70

776.10

83.86

107.00

132.92

42.48

781.10

83.60

106.67

132.73

42.25

786.10

82.29

105.00

133.93

43.67
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Time
Seconds

Break Path No. 1*
Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

Break Path No. 2**
Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

791.10

83.08

106.00

133.73

43.43

796.10

82.81

105.67

133.52

43.19

801.10

82.55

105.33

133.32

42.95

806.10

83.33

106.32

133.11

42.70

811.10

83.06

105.99

132.91

42.46

816.10

82.80

105.65

132.70

42.22

821.10

83.55

106.60

132.49

41.97

826.10

83.27

106.25

132.28

41.72

831.10

82.99

105.89

133.42

43.06

836.10

82.71

105.54

133.19

42.80

841.10

82.43

105.18

132.97

42.54

846.10

83.13

106.07

132.75

42.27

851.10

82.84

105.70

132.52

42.01

856.10

83.51

106.56

132.30

41.74

861.10

83.20

106.16

132.07

41.47

866.10

81.93

104.54

133.14

42.74

871.10

82.58

105.37

132.90

42.45

876.10

82.27

104.97

132.66

42.17

881.10

82.89

105.77

132.41

41.88

886.10

82.56

105.35

132.17

41.59

891.10

83.16

106.11

131.92

41.29

896.10

81.89

104.48

132.94

42.50

901.10

82.47

105.23

132.67

42.19

906.10

82.11

104.78

132.41

41.87

911.10

82.66

105.48

132.14

41.56

916.10

82.29

105.00

131.87

41.24

921.10

82.81

105.67

131.61

40.92

926.10

82.42

105.17

132.56

42.05

931.10

82.03

104.67

132.28

41.71
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Time

Break Path No. 1*

Break Path No. 2**

Seconds

Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

936.10

82.50

105.27

131.99

41.37

941.10

82.95

105.84

131.70

41.03

946.10

82.52

105.29

131.41

40.69

951.10

82.08

104.74

132.30

41.75

956.10

82.48

105.24

131.99

41.38

961.10

82.02

104.66

131.68

41.01

966.10

82.38

105.12

131.37

40.64

971.10

81.90

104.50

132.22

41.64

976.10

82.21

104.90

131.88

41.25

981.10

82.50

105.27

131.55

40.85

986.10

82.75

105.59

131.21

40.45

991.10

82.19

104.88

132.00

41.39

996.10

81.63

104.16

131.64

40.96

1001.10

81.82

104.40

131.28

40.54

1006.10

81.99

104.61

132.02

41.41

1011.10

82.11

104.78

131.64

40.96

1016.10

82.20

104.89

131.25

40.50

1021.10

81.53

104.03

131.94

41.32

1026.10

81.56

104.06

131.53

40.83

1031.10

82.23

104.93

131.12

40.34

1036.10

81.46

103.94

131.75

41.10

1041.10

82.01

104.65

131.31

40.57

1046.10

81.82

104.40

130.87

40.05

1051.10

81.56

104.07

131.44

40.73

1056.10

81.88

104.48

130.97

40.17

1061.10

81.47

103.96

131.50

40.80

1066.10

81.60

104.12

130.99

40.20

1071.10

81.60

104.11

131.47

40.76

1076.10

82.02

104.66

130.94

40.13
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Time
Seconds

Break Path No. 1*
Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

Break Path No. 2**
Flow
Mass lbm/sec

Energy
Thousand Btu/
sec

1081.10

81.70

104.24

131.36

40.63

1086.10

81.73

104.28

130.79

39.96

1091.10

81.51

104.01

131.15

40.39

1096.10

81.98

104.60

130.55

39.67

1101.10

81.49

103.99

130.85

40.03

1106.10

81.38

103.84

131.11

40.33

1111.10

81.64

104.17

130.42

39.52

1116.10

81.53

104.03

130.61

39.75

1121.10

81.29

103.72

130.75

39.91

1126.10

81.05

103.42

130.83

40.01

1226.41

81.05

103.42

130.83

40.01

1226.51

48.40

60.47

158.14

47.44

1228.24

48.39

60.46

158.16

47.21

1331.55

48.39

60.46

158.16

47.21

1331.65

47.55

54.71

158.99

13.38

2652.00

41.21

47.42

165.33

14.52

2652.10

41.21

47.42

94.57

17.44

3600.00

38.19

43.94

97.59

17.99

3600.10

26.60

30.61

109.18

14.31

10,000.00

19.34

22.26

116.44

15.26

100,000.00

10.34

11.90

125.44

16.44

1,000,000.00

4.43

5.10

131.35

17.22

10,000,000.00

1.39

1.60

134.39

17.62

Notes:
* - Mass and Energy exiting the SG side of the break
* - Mass and Energy exiting the pump side of the break

Page 141 of 285

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 6 ENGINEERED SAFETY FEATURES

Table 6.2-12
DOUBLE-ENDED PUMP SUCTION BREAK MIN SI
Mass Balance
Time (sec)
0.00

13.40

13.40

226.08

1226.51

1331.55

3600.00

Mass (Thousand Lbm)
Initial

In RCS and ACC

403.55

403.55

403.55

403.55

403.55

403.55

403.55

Added Mass

Pumped Injection

0.00

0.00

0.00

39.32

245.95

267.64

669.09

Total Added

0.00

0.00

0.00

39.32

245.95

267.64

669.09

403.55

403.55

403.55

442.87

649.50

671.20

1072.65

Reactor Coolant

265.54

17.09

41.74

75.46

75.46

75.46

75.46

Accumulator

138.01

115.93

91.27

0.00

0.00

0.00

0.00

Total Contents

403.55

133.02

133.02

75.46

75.46

75.46

75.46

Break Flow

0.00

270.53

270.53

367.40

585.06

607.22

1008.67

ECCS Spill

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Total Effluent

0.00

270.53

270.53

367.40

585.06

607.22

1008.67

403.55

403.55

403.55

442.86

660.52

682.68

1084.14

***Total Available***
Distribution

Effluent

***Total Accountable***
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Table 6.2-13
DOUBLE-ENDED PUMP SUCTION BREAK ENERGY BALANCE - MINIMUM SAFEGUARDS
Time (sec)
0.00

13.40

13.40

226.08

1226.51

1331.55

3600.00

Energy (Million BTU)
Initial Energy

In RCS, ACC, Steam
Generator

Added Energy

423.03

423.03

423.03

423.03

423.03

423.03

423.03

Pumped Injection

0.00

0.00

0.00

2.83

17.72

19.28

55.80

Decay Heat

0.00

2.42

2.42

15.53

57.67

61.51

131.13

Heat from Secondary

0.00

8.61

8.61

8.61

8.61

8.61

8.61

Total Added

0.00

11.03

11.03

26.98

83.99

89.40

195.54

423.03

434.06

434.06

450.01

507.02

512.43

618.57

Reactor Coolant

153.86

4.67

7.00

20.13

20.13

20.13

20.13

Accumulator

13.08

10.99

8.65

0.00

0.00

0.00

0.00

Core Stored

15.53

10.64

10.64

2.77

2.67

2.63

1.81

Primary Metal

84.70

81.30

81.30

71.51

42.26

40.81

28.37

Secondary Metal

36.76

36.31

36.31

34.82

20.09

19.13

13.37

Steam Generator

119.10

127.95

127.95

121.46

66.36

63.32

43.74

Total Contents

423.03

271.85

271.85

250.69

151.51

146.02

107.44

Break Flow

0.00

161.89

161.89

198.94

358.19

361.27

507.22

ECCS Spill

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Total Effluent

0.00

161.89

161.89

198.94

358.19

361.27

507.22

423.03

433.75

433.75

449.63

509.70

507.29

614.66

***Total Available***
Distribution

Effluent

***Total Accountable***
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Table 6.2-14
TABLE DELETED

Table 6.2-15
TABLE DELETED
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Table 6.2-16
CONTAINMENT RESPONSE ANALYSIS PARAMETERS
Parameter

Value

Essential Service Water Temperature (F)

85

RWST Water Temperature (F)

104

Initial Containment Temperature (F)

125

Initial Containment Pressure (psia)

15.7

Initial Relative Humidity (%)

20
1,000,000

Net Free Volume (ft3)
Reactor Containment Fan Coolers
Total

4

Analysis Minimum

2

Containment High Setpoint (psig)

6.0

Delay Time (sec) Without Offsite Power

44.0

Containment Spray Pumps
Total

2

Analysis Minimum safeguards

1

Flowrate (gpm) Injection Phase (per pump)

a.)

Containment High High Setpoint (psig)

33.5

Delay Time (sec) Without Offsite Power (1 spray pump)

28.5

ECCS Recirculation Switchover, sec

2,652

Containment Spray Termination Time, (sec) Minimum Safeguards

2,652

Containment ECCS Sump Recirculation Flow, (gpm) Minimum Safeguards

1,000

a.) Containment Pressure (psig)

Containment Spray Flow Rate (gpm)

60

1179

55

1203

50

1227

45

1250

25

1338
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Table 6.2-17
CONTAINMENT RECIRCULATION FAN COOLER HEAT REMOVAL CAPABILITY
AS A FUNCTION OF CONTAINMENT STEAM SATURATION TEMPERATURE
Containment Temperature (F)

Heat Removal Rate [Btu/sec] Per Reactor
Containment Fan Cooler

85

0

120

398

220

8,839

240

10,375

260

11,911

280

13,446

286

13,907
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Table 6.2-18
LOCA CONTAINMENT RESPONSE ANALYSIS RECIRCULATION SYSTEM
ALIGNMENT PARAMETERS
Residual Heat Removal System
RHR Heat Exchangers
1

Modeled in analysis
Recirculation switchover time, sec
Minimum safeguards

2,652

Flowrate, gpm
Tubeside (includes 200 gpm pump recirculation)

1,200

Shellside

1,800

Component Cooling water Exchangers
Modeled in analysis

1

Flowrate, gpm
Shellsidea

1,800

Tubesidea
(service water)

5,000

Additional heat loads, BTU/hr
a.

0.0

Minimum heat removal data representing 1 EDG
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Table 6.2-19
CONTAINMENT STRUCTURAL HEAT SINK INPUT
Heat
Sink
Number
1

Description
Insulated
Containment
Wall

Area (ft2)

Material

Thickness
(inches)

Thickness (ft)

36,285

SS

0.019

0.00158

Gap

0.010

Insulation

1.250

Gap

0.010

Steel

0.375

Gap

0.021

Concrete

42.000

Overcoat

0.008

Primer

0.002

Steel

0.375

Gap

0.021

Concrete

30.000

Overcoat

0.005

Concrete

24.000

Gap

0.021

Steel

0.250

Gap

0.021

Concrete

24.000

Overcoat

0.004

Primer

0.002

Steel

0.250

Gap

0.021

Concrete

36.00

Overcoat

0.004

<

2

3

4

5

Uninsulated
Containment
Wall

Basement
Floor

Wet Sump Wall
A

Dry Sump Wall
A

12,370

6,576

8.2

2,052.8
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Heat
Sink
Number

6

7

8

9

10

11

Description

Sump Floors

Walls of Sump
B

Area (ft2)

366

189

Outer
Refueling
Cavity Wall

6,132

Inner Refueling
Cavity Wall

5,609

Bottom
Refueling
Cavity

Loop
Compartments

1,143

18.846

Material

Thickness
(inches)

Primer

0.004

Steel

0.250

Gap

0.021

Concrete

36.0

Overcoat

0.005

Concrete

24.000

Gap

0.021

Steel

0.025

Gap

0.021

Concrete

12.000

1.0

Overcoat

0.005

<

Concrete

24.000

2.0

Gap

0.021

Steel

0.250

Gap

0.021

Concrete

12.000>

Overcoat

0.005

Concrete

35.280

2.94

SS

0.250

0.0208

Gap

0.021

Concrete

24.000

2.0

SS

0.250

0.0208

Gap

0.021

Concrete

48.0

Overcoat

0.005

Concrete

16.938
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Heat
Sink
Number
12

13

14

15

16

17

18

19

20

Area (ft2)

Material

Thickness
(inches)

Floor of
Intermediate
Level

9,672

Overcoat

0.005

Concrete

3.000

Operating
Deck

15,570

Overcoat

0.005

Concrete

12.000

Overcoat

0.004

Primer

0.002

Steel

0.750

3,374

Overcoat

0.004

>

Primer

0.002

Steel

0.415

Overcoat>

0.004

Primer

0.002

Steel

0.260

Overcoat

0.004

Primer

0.002

Steel

0.703

Overcoat

0.004

Primer

0.002

Steel

2.000

Overcoat

0.004

Primer

0.002

Steel

1.440

Overcoat

0.004

Primer

0.002

Steel

0.062

Description

Thick Crane
Structure

Crane Structure

I-Beam

Thick I-Beam

Crane Support

Crane Beams

Grating and
Misc

7,225

7,678

5,536

342

236

14,000
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Table 6.2-20
MATERIAL PROPERTIES FOR CONTAINMENT STRUCTURAL HEAT SINKS
Material

Conductivity (Btu/hr-ft-F)

Specific Heat (Btu/lbm-F)

Concrete

0.81

31.5

Carbon Steel

28.0

54.4

0.0208

1.11

Stainless Steel

8.8

54.6

Organic Coating

0.1

20.0

Inorganic Primer

1.0

20.0

0.0174

0.241

Insulation

Air (gap)
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Table 6.2-21
DOUBLE-ENDED HOT LEG BREAK SEQUENCE OF EVENTS
Time (sec)

Event Description

0.00

Break Occurs, Reactor Trip, SG Throttle valve Closure and
Loss of Offsite Power are assumed

2.87

Low-Pressurizer Pressure SI Setpoint (1,715 psia) Reached

6.38

Broken Loop Accumulator Begins Injection Water

6.43

Intact Loop Accumulator Begins Injection Water

16.01

Peak Temperature Occurs (280.42F)

16.01

Peak Pressure Occurs (54.25 psig)

16.20

End of Blowdown Phase

30.00

Transient Modeling Terminated
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Table 6.2-22
DOUBLE-ENDED PUMP SECTION BREAK SEQUENCE OF EVENTS
(Minimum Safeguards)
Time (sec)

Event Description

0.0

Break Occurs, Reactor Trip, SG Throttle Valve Closure and
Loss of Offsite Power are Assumed

0.39

Containment HIGH Pressure Setpoint (20.7 psia; 6.0 psig;)
Reached

3.09

Low Pressurizer Pressure SI Setpoint (1,715 psia) Reached
(Safety Injection Begins coincident with Low Pressurizer
Pressure SI Setpoint)

4.21

Containment HIGH-HIGH Pressure Setpoint (33.5) psig;
Analysis Value) Reached

6.47

Broken Loop Accumulator Begins Injecting Water

6.55

Intact Loop Accumulator Begins Injecting Water

13.4

End of Blowdown Phase

13.4

Accumulator Mass Adjustment for Refill Period

15.09

Feedwater Isolation Valves Closed

32.79

Containment Spray Pump (RWST) Begins

35.09

Pumped Safety Injection Begins (Includes 32 Second Diesel
Delay)

43.58

Broken Loop Accumulator Water Injection Ends

44.43

Containment Fan Coolers Actuate

44.98

Intact Loop Accumumlator Water Injection Ends

226.08

End of Reflood

1,131.10

Containment Peak Pressure and Temperature Occurs (55.42
psig; and 284.95 F)

1,220.06

M&E Release Assumption: Broken Loop Steam Generator
(SG) Equilibration when the Secondary Temperature is the
Saturation (TSAT) At Containment Design Pressure 74.7 psia

1226.51

M&E Release Assumption: Broken Leg SG Equilibration at
Containment Pressure of 64.0 psia

1228.63

M&E Release Assumption: Intact Loop SG Equilibration
When the Secondary Temperature is the Saturation (T SAT)
at Containment Design Pressure of 74.7 psia
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Time (sec)

Event Description

1,331.55

M&E Release Assumption: Intact Loop SG Equilibration at
Containment Pressure of 54.7 psia

2,652.0

Switchover to Cold Leg Recirculation Begins

2,652.0

Containment Spray Terminated

2.592E+6

Transient Modeling Terminated
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Table 6.2-23
LOCA CONTAINMENT RESPONSE RESULTS
Peak Press. @
Time

Peak Temp. @
Time

Peak Press.
(psig) @ 24
hours

Peak Temp.
(F) @ 24 hours

DEHL

54.25 psig @
16.01 sec

280.42 F @
16.01 sec

--

--

DEPS-Minimum
Safeguards

55.42 psig @
1,220 sec.

7.52

160.99

Case

284.96F @ 1,220
sec.

Containment Pressure - Acceptance Limits
Pressure

Peak Pressure

Pressure @ 24 hours

60 psig

See UFSAR Figure 6.1-2

Containment Temperature - Acceptance Limits
Peak
Temperature

Temperat
ure
286F

Temperature @ 24 hours
152F (UFSAR Figure 6.1-1)
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Table 6.2-24
INITIAL CONDITIONS AND MAJOR ASSUMPTIONS FOR THE STEAMLINE
BREAK MASS AND ENERGY RELEASE MODEL (LIMITING CONTAINMENT
PRESSURE CASE)
Parameter

Value

Core power

70%

Tavg

571.3F

Pressure

2250 psia

Steam generator mass, faulted / intact

104,536lb/104,536 lb

Steam generator pressure

896.6 psia

Auxiliary feedwater
faulted loop
intact loop

865 gpm
235 gpm

Break size

1.4 ft2

Low steamline pressure setpoint

372.7 psig

Low-Low SG Level
TDAFW started when faulted loop
reaches low-low level
with uncertainty

40 %
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Table 6.2-25
MAJOR CONTAINMENT ANALYSIS ASSUMPTIONS
Initial Conditions

Value

Initial pressure

15.7 psia

Initial temperature

125F

Initial humidity

20%

Containment volume

1,000,000 ft3

Containment Recirculation
Fan Coolers (CRFC)
Containment safety injection
analysis setpoint

6 psig

CRFC delay with offsite power

34 seconds
power44 seconds

CRFC delay without offsite
Heat removal rates per CRFC
as a function of containment
steam saturation temperature
Containment steam saturation
Temperature, F

85

120

220

240

260

280

286

Heat removal rate, Btu/sec

0

398

8,839

10,375 11,911 13,446 13,907

Containment Spray System
Flow rate per containment spray
pump

a.)

Refueling water storage tank
(RWST) water temperature

104F

Pressure setpoint (High-High)

33.5 psig

Spray delay (2 sprays)

26.8 seconds

Spray delay (1 spray)

28.5 seconds

a.) Containment Pressure (psig)

Containment Spray Flow Rate (gpm)

60

1179

55

1203

50

1227

45

1250

25

1338
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Table 6.2-26
SEQUENCE OF EVENTS
STEAMLINE BREAK, VITAL BUS FAILURE
Event

Time (sec)

Break occurs

0.0

Low steamline pressure SI setpoint reached>

<0.05

High containment pressure reached

2.0

Reactor trip

2.0

Main feedwater pumps trip

2.0

MFRV closes

12.0

Auxiliary feedwater (AFW) starts

25.0

Containment Recirculation Fan Cooling
(CRFC) starts

36.0

Hi-Hi containment pressure reached

39.6

Low-Low SG Level Reached in Faulted SG and Turbine
Driven Auxiliary feedwater (TDAFW) initiated

50.0

Containment spray starts

68.2

Auxiliary feedwater (AFW) terminated to
faulted Steam Generator (SG)

600

Containment pressure peaks

612

Break releases stop

714.0
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Table 6.2-27
CONTAINMENT SPRAY PUMP DESIGN PARAMETERS

Quantity

2

Design pressure, psig

300

Design temperature, F

300

Design flow rate, gpm

1200

Design head, ft

475
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Table 6.2-28
SINGLE FAILURE ANALYSIS - CONTAINMENT SPRAY SYSTEM
Component

Malfunction

Comments and Consequences

Spray nozzles

Clogged

Large number of nozzles (90 on each of two pairs of
headers) ensures that clogging of significant number of
nozzles is not credible.

Spray pump

Isolation valve

Two valves in parallel; one left closed required to open.

Spray pump

Fails to start

Two pumps provided; one required to start.

Valvesa
a.

See Table 6.3-9 for discussion of valve failure modes.
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System

Table 6.2-29
CONTAINMENT PIPING PENETRATIONS AND ISOLATION BOUNDARIES
Note: *Legend for symbols on Table 6.2-31

Penetration No.

Boundary
EIN

UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Steam generator inspection/maintenance

2

SPP03
SPP04

6.2-13
6.2-13

1, 2
1, 2

NA
NA

C
C

C
C

Fuel transfer tube

29

SACO5
8152

6.2-13a
6.2-13a

2, 3
---

NA
No

C
C

C
C

Charging line to B loop

100

370B
CLOC

6.2-14
6.2-14

--4

NA
NA

O
C

C
C

Safety injection pump
1B discharge

101

870B
889B
CLOC
12407
PT-923
885B
2817C
2817J
898C
898E
898I
Blind Flange
9082
9080
9080C
890

6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2.15
6.2.15
6.2.15
6.2.15
6.2.15
6.2.15
6.2.15

42
42
5
42
8, 42
42
42
38, 42
39, 42
42
42
42
42
39, 42
39, 42
42

NA
NA
NA
No
NA
No
NA
NA
No
No
No
No
No
No
No
No

C
C
C
C
NA
O
C
C
C
LC
C
C
LC
C
C
C

O
O
C
C
NA
O
C
C
C
LC
C
C
LC
C
C
C

Alternate charging to A
cold leg

102

383B
CLOC

6.2-16
6.2-16

--4

NA
NA

C
C

C
C

Construction fire service water

103

Welded cap
5129

6.2-17
6.2-17

7
---

NA
No

C
LC

C
LC
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System

Penetration No.

Boundary
EIN

UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Containment spray
pump 1A

105

862A
CLOC
2829
869A
2856
2825
2825A
859A
859B
868C
868E
869E

6.2-18
6.2-18
6.2-18
6.2-18
6.2-18
6.2-18
6.2-18
6.2-18
6.2-18
6.2-18
6.2-18
6.2.18

--8
23
9
9
----10
10
9
9,40
41

NA
NA
No
No
No
No
No
No
No
No
No
No

C
C
LC
C
C
LC
C
LC
LC
LC
C
C

O
C
LC
C
C
LC
C
LC
LC
LC
C
C

Reactor coolant pump A
seal water inlet

106

304A
CLOC

6.2-19
6.2-19

--4

NA
NA

O
C

C
C

Sump A discharge to
waste holdup tank

107

1723
1728

6.2-20
6.2-20

43
43

Status
Status

O
O

C
C

Reactor coolant pump
seal water return line
and excess letdown to
VCT

108

313
CLOC

6.2-21
6.2-21

--11

Both
NA

O
C

C
C
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System

Penetration No.

Boundary
EIN

UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Containment spray
pump 1B

109

862B
CLOC
2830
869B
2858
2826
2826A
859A
859B
868D
868E
869E

6.2-22
6.2-22
6.2-22
6.2-22
6.2-22
6.2-22
6.2-22
6.2-22
6.2-22
6.2-22
6.2-22
6.2-22

--8
23
9
9
----10
10
9
9,40
41

NA
NA
No
No
No
No
No
No
No
No
No
No

C
C
LC
C
C
LC
C
LC
LC
LC
C
C

O
C
LC
C
C
LC
C
LC
LC
LC
C
C

Reactor coolant pump B
seal water inlet

110a

304B
CLOC

6.2-23
6.2-23

--4

NA
NA

O
C

C
C

Safety injection test line

110b

879

6.2-15

12, 42

No

LC

LC

Residual heat removal
to B cold leg

111

720
2840
2847
2848
371
959
CLOC
8730

6.2-24
6.2-24
6.2-24
6.2-24
6.2-25
6.2-24
6.2-24
6.2-24

13, 14
------36
37
15, 36
---

R/G
No
No
No
Both
Status
NA
No

C
C
C
C
C
O
C
C

C
C
C
C
C
C
C
C
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System

Penetration No.

Boundary
EIN

UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Letdown to nonregenerative heat
exchanger

112

200A
200B
202
203
CLOC
371
427

6.2-25
6.2-25
6.2-25
6.2-25
6.2-24
6.2-25
6.2-25

16
16
16
--36
36
17

R/G
R/G
R/G
NA
NA
Both
R/G

O/C
O/C
C
C
C
O
O

C
C
C
C
C
C
C

Safety injection pump
1A discharge

113

Standby auxiliary feedwater (SAFW) line to
steam generator 1A

119

9081
9080
9080C
870A
889A
CLOC
12406
PT-922
Cap (PT-922)
885A
898C
898D
898H
Blind flange
893
9704A
9723
CLIC

6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-15
6.2-26
6.2-26
6.2-26

42
39, 42
39, 42
42
42
5
42
42
6, 42
42
39, 42
42
42
42
42
----19

No
No
No
NA
NA
NA
No
NA
NA
No
No
No
No
No
No
R/G
No
NA

LC
C
C
C
C
C
C
NA
C
O
C
LC
C
C
C
O
LC
C

LC
C
C
O
O
C
C
NA
C
O
C
LC
C
C
C
O
LC
C

Nitrogen to
accumulators

120a

846
8623

6.2-27
6.2-27

-----

Both
NA

C
O/C

C
C

Pressurizer relief tank to
gas analyzer

120b

539
546

6.2-28
6.2-28

-----

Status
No

C
O

C
O

Makeup water to
pressurizer relief tank

121a

508
529

6.2-29
6.2-29

-----

Both
NA

C
O/C

C
C

Nitrogen to pressurizer
relief tank

121b

528
547

6.2-30
6.2-30

--20

NA
No

C
LC

C
LC
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Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Containment pressure
transmitters
PT-945 and PT-946

121c

PT-945
1819A
PT-946
1819B

6.2-31
6.2-31
6.2-31
6.2-31

6
--6
---

NA
No
NA
No

NA
O
NA
O

NA
O
NA
O

Reactor coolant drain
tank to gas analyzer line

123a

1600A
1655
1789

6.2-32
6.2-32
6.2-32

17

No
No
Status

O
O
O

C
O
C

Standby auxiliary feedwater (SAFW) line to
steam generator 1B

123b

9704B
9725
9724
CLIC

6.2-26
6.2-26
6.2-26
6.2-26

19

R/G
No
No
NA

O
LC
C
C

O
LC
C
C

Excess letdown heat
exchanger cooling
water supply

124a

743
CLIC

6.2-33
6.2-33

--22

NA
NA

C
C

C
C

124b

Welded Shut

N/A

31

N/A

N/A

N/A

Excess letdown heat
exchanger cooling
water return

124c

745
CLIC

6.2-33
6.2-33

-22

R/G
NA

C
C

C
C

Postaccident air sample
to common return

124d

1572
1573
1574

6.2-34
6.2-34
6.2-34

-------

No
No
No

LC
C
LC

LC
C
LC

Component cooling
water (CCW) from
reactor coolant pump
1B

125

759B
CLIC

6.2-35
6.2-35

--22

R/G
NA

O
C

O
C

Postaccident air sample
to C fan
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*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Component cooling
water (CCW) from
reactor coolant pump
1A

126

759A
CLIC

6.2-36
6.2-36

--22

R/G
NA

O
C

O
C

Component cooling
water (CCW) to reactor
coolant pump 1A

127

749A
CLIC

6.2-37
6.2-37

--22

R/G
NA

O
C

O
C

Component cooling
water (CCW) to reactor
coolant pump 1B

128

749B
CLIC

6.2-38
6.2-38

--22

R/G
NA

O
C

O
C

Reactor coolant drain
tank and pressurizer
relief tank to
containment vent header

129

1713
1793
1786
1787

6.2-39
6.2-39
6.2-39
6.2-39

--20
-----

NA
No
Status
Status

C
LC
O
O

C
LC
C
C

Component cooling
water (CCW) from
reactor support cooling

130

814
CLIC

6.2-40
6.2-40

--22

Both
NA

O
C

C
C

Component cooling
water (CCW) to reactor
support cooling

131

813
CLIC

6.2-40
6.2-40

--22

Both
NA

O
C

C
C

Containment minipurge exhaust

132

7970
7971
Cap

6.2-41
6.2-41
6.2-41

-------

Both
Both
NA

O/C
C
C

C
C
C
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Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Residual heat removal
pump suction from A
hot leg

140

701
2763
2786
2786B
CLOC

6.2-42
6.2-42
6.2-42
6.2-42
6.2-42

13, 14
------15

R/G
No
No
No
NA

C
C
C
C
C

C
C
C
C
C

Residual heat removal
pump A suction from
sump B

141

850A
CLOC
1813A

6.2-43
6.2-43
6.2-43

24
15
14, 25

R/G
NA
R/G

C
C
C

O
C
C

Residual heat removal
pump B suction from
sump B

142

850B
CLOC
1813B

6.2-44
6.2-44
6.2-44

24
15
14, 25

R/G
NA
R/G

C
C
C

O
C
C

Reactor coolant drain
tank discharge line

143

1003A
1003B
1709G
1722
1721

6.2-45
6.2-45
6.2-45
6.2-45
6.2-45

-----------

Status
Status
No
No
Status

O
O
C
LC
O

C
C
C
LC
C

Reactor compartment
cooling unit A supply

201a

4757
4775
CLIC

6.2-46
6.2-46
6.2-46

30
--27

No
No
NA

O
C
C

O
C
C

Reactor compartment
cooling unit B return

201b

4636
4658
4776
PI-2141
Cap (PI-2141)
CLIC
PI-2000F

6.2-47
6.2-47
6.2-47
6.2-47
6.2-47
6.2-47
6.2-47

26
--------27
---

No
NA
No
NA
NA
NA
NA

O
C
C
NA
C
C
NA

O
C
C
NA
C
C
NA

B hydrogen recombiner
(pilot)

202a

1076B
10211S1

6.2-48
6.2-48

--28

No
Status

LC
C

LC
C
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Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

B hydrogen recombiner
(main)

202b

1084B
10213S1

6.2-48
6.2-48

--28

No
Status

LC
C

LC
C

Containment pressure
transmitter
PT-947 and PT-948

203a

PT-947
1819C
PT-948
1819D

6.2-49
6.2-49
6.2-49
6.2-49

6
--6
---

NA
No
NA
No

NA
O
NA
O

NA
O
NA
O

Postaccident air sample
from D fan

203b

Welded Shut

N/A

31

N/A

N/A

N/A

Postaccident air sample
from common header

203c

Welded Shut

N/A

31

N/A

N/A

N/A

Purge supply duct

204

ACD93
5869

6.2-51
6.2-51

2, 29
29

NA
Both

C
C

C
C

Loop B hot leg sample

205

955
956D
966C

6.2-52
6.2-52
6.2-52

17
-----

Status
No
Status

C
O
C

C
O
C

Pressurizer liquid space
sample

206a

953
956E
966B

6.2-53
6.2-53
6.2-53

17
-----

Status
No
Status

C
O
C

C
O
C

Steam generator A
sample

206b

CLIC
5735
5749

6.2-54
6.2-54
6.2-54

19
-----

NA
Status
NA

C
O
C

C
C
C

Pressurizer steam space
sample

207a

951
956F
966A

6.2-55
6.2-55
6.2-55

17
-----

Status
No
Status

C
O
C

C
O
C
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Boundary
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Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Steam generator B
sample

207b

CLIC
5736
5754

6.2-56
6.2-56
6.2-54

19
-----

NA
Status
NA

C
O
C

C
C
C

Reactor compartment
cooling unit B supply

209a

4635
4637
CLIC

6.2-47
6.2-47
6.2-47

30
--27

No
No
NA

O
C
C

O
C
C

Reactor compartment
cooling Unit A return

209b

4638
4758
4759
PI-2000AC
PI-2232
CLIC

6.2-46
6.2-46
6.2-46
6.2-46
6.2-46
6.2-46

26
--------27

No
No
NA
NA
NA
NA

O
C
C
NA
NA
C

O
C
C
NA
NA
C

Oxygen makeup to A &
B recombiners

210

1080A
10214S1
10214S
10215S1
10215S

6.2-57
6.2-57
6.2-57
6.2-57
6.2-57

--28
17, 28
28
17, 28

No
Status
Status
Status
Status

LC
C
C
C
C

LC
C
C
C
C

Purge exhaust duct

300

ACD92
5879

6.2-58
6.2-58

2, 29
29

NA
Both

C
C

C
C

Auxiliary steam supply
to containment

301

Welded shut

NA

31

NA

NA

NA

Auxiliary steam
condensate return

303

Welded shut

NA

31

NA

NA

NA

A hydrogen recombiner
(pilot)

304a

1076A
10205S1

6.2-60
6.2-60

--28

No
Status

LC
C

LC
C
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Boundary
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UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

A hydrogen recombiner
(main)

304b

1084A
10209S1

6.2-60
6.2-60

--28

No
Status

LC
C

LC
C

305a

Welded Shut

N/A

31

N/A

N/A

N/A

Containment air sample
inlet

305b

1598
1599

6.2-62
6.2-62

-----

Both
Both

O
O

C
C

Containment air sample
postaccident

305c

1557
1558
1559

6.2-61
6.2-61
6.2-61

-------

No
No
No

LC
C
LC

LC
C
LC

Containment air sample
postaccident

305d

1560
1561
1562

6.2-61
6.2-61
6.2-61

-------

No
No
No

LC
C
LC

LC
C
LC

Containment air sample
out

305e

1596
1597

6.2-63
6.2-63

-----

No
Both

O
O

O
C

Fire service water

307

9227
9229

6.2-64
6.2-64

-----

NA
NA

C
C

C
C

Service water (SW)
from A fan cooler

308

4629
4633
4655
FIA-2033
TIA-2010
Caps(2)
(FIA-2033)
PI-2000C
CLIC

6.2-65
6.2-65
6.2-65
6.2-65
6.2-65
6.2-65

26
--------------27

No
No
NA
NA
NA
NA

LO
C
C
NA
NA
C

LO
C
C
NA
NA
C

NA
NA

NA
C

NA
C

Containment air sample
postaccident

6.2-65
6.2-65

Page 170 of 285

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 6 ENGINEERED SAFETY FEATURES

System
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Boundary
EIN

UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Mini-purge supply

309

7445
7478

6.2-66
6.2-66

-----

Both
Both

O/C
O/C

C
C

Instrument air to
containment

310a

5392
5393

6.2-67
6.2-67

-----

Both
NA

O
O

C
C

Service air to
containment

310b

7141
7226

6.2-68
6.2-68

-----

No
NA

LC
C

LC
C

Service water (SW)
from B fan cooler

311

4630
4634
4656
FIA-2034
PI-2000D
Caps(2)
(FIA-2034)
TIA-2011
CLIC

6.2-65
6.2-65
6.2-65
6.2-65
6.2-65
6.2-65

No
No
NA
NA
NA
NA

LO
C
C
NA
NA
C

LO
C
C
NA
NA
C

6.2-65
6.2-65

26
--------------27

NA
NA

NA
C

NA
C

Service water (SW) to
D fan cooler

312

4642
4646
12500K
PI-2144
CLIC

6.2-65
6.2-65
6.2-65
6.2-65
6.2-65

30
------27

No
No
No
NA
NA

LO
C
C
NA
C

LO
C
C
NA
C

Leakage test
depressurization

313

SAT02
7444
Cap

6.2-69
6.2-69
6.2-69

-------

NA
NA
NA

C
C
C

C
C
C
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Boundary
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UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Service water (SW)
from C fan cooler

315

4643
4647
4659
FIA-2035
PI-2000G
TIA-2012
Caps(2)
(FIA-2035)
CLIC

6.2-65
6.2-65
6.2-65
6.2-65
6.2-65
6.2-65
6.2-65

No
No
NA
NA
NA
NA
NA

LO
C
C
NA
NA
NA
C

LO
C
C
NA
NA
NA
C

6.2-65

26
--------------27

NA

C

C

Service water (SW) to B
fan cooler

316

4628
4632
PI-2138
CLIC

6.2-65
6.2-65
6.2-65
6.2-65

30
----27

No
No
NA
NA

LO
C
NA
C

LO
C
NA
C

Leakage test supply

317

7443A
7443
Cap

6.2-70
6.2-70
6.2-70

-------

NA
NA
NA

C
C
C

C
C
C

Deadweight tester

318

Welded shut

NA

31

NA

NA

NA

Service water (SW) to
A fan cooler

319

4627
4631
PI-2142
CLIC

6.2-65
6.2-65
6.2-65
6.2-65

30
----27

No
No
NA
NA

LO
C
NA
C

LO
C
NA
C

Service water (SW) to C
fan cooler

320

4641
4645
PI-2136
12500H
CLIC

6.2-65
6.2-65
6.2-65
6.2-65
6.2-65

30
------27

No
No
NA
No
NA

LO
C
NA
C
C

LO
C
NA
C
C
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UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

A steam generator
blowdown

321

5738
5752
CLIC

6.2-71
6.2-71
6.2-71

----19

Status
NA
NA

O
C
C

C
C
C

B steam generator
blowdown

322

5737
5756
CLIC

6.2-72
6.2-72
6.2-72

----19

Status
NA
NA

O
C
C

C
C
C

Service water (SW)
from D fan cooler

323

4644
4648
4660
FIA-2036
PI-2000H
TIA-2013
Caps(2)
(FIA-2036)
CLIC

6.2-65
6.2-65
6.2-65
6.2-65
6.2-65
6.2-65
6.2-65

No
No
NA
NA
NA
NA
NA

LO
C
C
NA
NA
NA
C

LO
C
C
NA
NA
C

6.2-65

26
--------------27

NA

C

C

Demineralized water to
containment

324

8418
8419

6.2-73
6.2-73

-----

Both
NA

C
C

C
C

Hydrogen monitor
instrumentation line

332a

922
924
CLOC
7452
Cap(7452)

6.2-74
6.2-74
6.2-74
6.2-74
6.2-74

----32
-----

Both
Both
NA
No
NA

C
C
C
C
C

C
C
C
C
C

Hydrogen monitor
instrumentation line

332b

923
CLOC
7456
Cap(7456)

6.2-74
6.2-74
6.2-74
6.2-74

--32
-----

Both
NA
No
NA

C
C
C
C

C
C
C
C
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Boundary
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UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Containment pressure
transmitters PT-944, PT949, and PT-950

332c

PT-944
1819G
PT-949
1819E
PT-950
1819F

6.2-75
6.2-75
6.2-75
6.2-75
6.2-75
6.2-75

6
--6
--6
---

NA
No
NA
No
NA
No

NA
O
NA
O
NA
O

NA
O
NA
O
NA
O

Hydrogen monitor
instrumentation line

332d

921
CLOC
7448
Cap

6.2-74
6.2-74
6.2-74
6.2-74

--32
-----

Both
NA
No
NA

C
C
C
C

C
C
C
C
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Boundary
EIN

UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Main steam from A
steam generator

401

3411
3413A
3455
3505A
3505C
3509
3511
3513
3515
3517
3521
3615
3669
11027
11029
11031
PS-2092
PT-468
PT-469
PT-469A
PT-482
End caps
CLIC

6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76
6.2-76

Page 175 of 285

--18
--------------18
18
--18
------6
6
6
6
6
33
19

R/G
No
No
R/G
No
NA
NA
NA
NA
R/G
No
No
No
No
No
No
NA
NA
NA
NA
NA
NA
NA

C
O
C
C
C
C
C
C
C
O
O
C
O
C
C
C
NA
NA
NA
NA
NA
C
C
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Boundary
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UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Main steam from B
steam generator

402

3410
3412A
3456
3504A
3504C
3508
3510
3512
3514
3516
3520
3614
3668
11021
11023
11025
PS-2093
PT-478
PT-479
PT-483
End caps
CLIC

6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77
6.2-77

--18
--------------18
18
--18
------6
6
6
6
33
19

R/G
No
No
R/G
No
NA
NA
NA
NA
R/G
No
No
No
No
No
No
NA
NA
NA
NA
NA
NA

C
O
C
C
C
C
C
C
C
O
O
C
O
C
C
C
NA
NA
NA
NA
C
C

C
O/C
C
O/C
C
C
C
C
C
C
O
C
O/C
C
C
C
NA
NA
NA
NA
C
C

Feedwater line to A
steam generator

403

3993
3995X
4000C
4003
4011A
4099N
4003A
4099E
8651
CLIC

6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78

34
--34
34
----------19

NA
No
NA
NA
No
No
No
No
No
NA

O
C
C
C
C
C
C
C
C
C

C
C
O/C
O/C
C
C
C
C
C
C

Page 176 of 285

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 6 ENGINEERED SAFETY FEATURES

System

Penetration No.

Boundary
EIN

UFSAR
Figure

*

Notes (Notes only used
to supplement Section
6.2.4.4.) (Notes listed
on Table 6.2-30)

Position
Indication In
Control Room
*

Normal
position
(MODES 1, 2,
3, 4)
*

Immediate
Postaccident Position
(Refers to position
immediately following
receipt of containment
isolation signal and
containment
ventilation isolation
signal.)
*

Feedwater line to B
steam generator

404

3992
3994E
4000D
4004
4012A
3994X
4004A
8650
CLIC

6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78
6.2-78

34
--34
34
--------19

NA
No
NA
NA
No
No
No
No
NA

O
C
C
C
C
C
C
C
C

C
C
O/C
O/C
C
C
C
C
C

Personnel hatch

1000

Seal
Seal
8403
8404
8405
8406
8407
Caps (2)
(PI-2936)

3.8-31
3.8-31
3.8-31
3.8-31
3.8-31
3.8-31
3.8-31
3.8-31

2
2
-------------

NA
NA
No
No
No
No
No
NA

C
C
C
C
C
C
C
C

C
C
C
C
C
C
C
C

Equipment hatch

2000

Seal
Seal
8060
8412
8413
8414
8415
8416
8417
Cap (8415)
Caps (2)
(PI-2223)

3.8-30
3.8-30
3.8-30
3.8-30
3.8-30
3.8-30
3.8-30
3.8-30
3.8-30
3.8-30
3.8-30

2
2
-------------------

NA
NA
No
No
No
No
No
No
No
NA
NA

C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
C
C
C
C
C
C
C
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Table 6.2-30
CONTAINMENT PIPING PENETRATIONS AND ISOLATION BOUNDARIES - NOTES FOR TABLE 6.2-29
Note

Description

(1)

Penetration number 2 was added as a result of EWR 4998 to facilitate steam generator maintenance activities during reduced inventory operation. This
penetration is closed by a double-gasketed blind flange on both ends. The innermost gasket for each flange (i.e., gasket closest to containment wall)
provides a containment barrier. Therefore, both flanges are necessary for containment integrity.

(2)

This penetration is provided with redundant seals and is closed during normal operation (MODES 1 - 4). Each seal provides a single containment isolation
barrier.

(3)

The end of the fuel transfer tube inside containment is closed by a double-gasketed blind flange to prevent leakage of spent fuel pool water into the
containment during plant operation. This flange also serves as protection against leakage from the containment following a loss-of-coolant accident.

(4)

The charging system is a closed system outside containment (CLOC). Verification of this closed system as a containment isolation boundary is
accomplished via normal system operation (2235 psig).

(5)

The safety injection system is a closed system outside containment (CLOC). Verification of this closed system as a containment isolation boundary is
accomplished via inservice and/or shutdown leakage checks.

(6)

The pressure transmitter assembly, by its design, provides a containment pressure boundary. The integrity of this boundary is verified by annual leakage
tests and since the pressure transmitter provides direct indication to the control room, its root valve can be left normally open.

(7)

This penetration was only utilized during initial plant construction and is maintained inactive.

(8)

The containment spray system is a closed system outside containment (CLOC). Verification of this closed system as a containment isolation boundary is
accomplished via inservice and/or shutdown leakage checks.

(9)

This valve may be opened during containment spray pump testing since there will always be at least one isolation boundary between the valve and
containment for the duration of the test.

(10)

Manual valves 859A and 859B are CIVs for both penetrations 105 and 109.

(11)

A second isolation barrier is provided by the volume control tank and connecting piping per letter from D. D. DiIanni, NRC, to R. W. Kober, RG&E, dated
January 30, 1987. This barrier is not required to be tested.

(12)

Only one isolation barrier is provided since there are two Event V check valves in the safety injection cold legs, and two check valves and a normally closed
motor-operated valve in the safety injection hot legs. This configuration was accepted by the NRC during the SEP (NUREG 0821, Section 4.22.2).

(13)

10 CFR 50, Appendix J containment leakage testing is not required per D.M. Crutchfield, NRC, letter to J. E. Maier, RG&E, dated May 6, 1981.

(14)

MOVs 1813A, 1813B, 720, and 701 are maintained closed at power with their breakers locked off.

(15)

The residual heat removal system is a closed system outside containment (CLOC). Verification of this closed system as a containment isolation boundary
is accomplished via inservice and/or shutdown leakage checks.
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Note

Description

(16)

Containment isolation signals were added to AOVs 200A, 200B, and 202 since AOV 427 fails open on loss of power. The isolation signal for these three
valves is relayed from AOV 427.

(17)

This valve receives a containment isolation signal; however, credit is not taken for this function since the valve is inside the missile barrier or outside the
necessary class break boundary. Therefore, this valve is not a containment isolation valve, subject to 10 CFR 50, Appendix J leakage testing, nor does it
require a maximum isolation time. The containment isolation signal only enhances isolation capability.

(18)

This valve is normally open at power since it is required during power operation or increases the reliability of a standby system. However, this valve can
either be closed from the control room or locally when required.

(19)

The main steam, main feedwater, steam generator blowdown, and standby auxiliary feedwater (SAFW) penetrations take credit for the steam generator
tubes as a closed system inside containment. Verification of this closed system as a containment isolation boundary is accomplished via normal power
operation. The isolation valves outside containment for these penetrations are not required to be Appendix J tested.

(20)

Manual valves 547 and 1793 are locked closed and leak tested to provide equivalent protection for GDC 56 and 57 (see UFSAR Section 6.2.4.4.4.1, Class
3A).

(21)

Deleted

(22)

The component cooling water (CCW) system piping inside containment for this penetration is a closed system (CLIC). Verification of this closed system as
a containment isolation boundary is accomplished via inservice and/or shutdown leakage checks.

(23)

This valve is not a containment isolation valve due to the installed downstream welded flange but is maintained normally closed to provide additional
assurance of containment integrity.

(24)

Sump lines are in operation and filled with fluid following an accident; therefore, 10 CFR 50, Appendix J leakage testing, is not required for this valve. See
D. M. Crutchfield, NRC, letter to J. E. Maier, RG&E, dated May 6, 1981.

(25)

There is no second containment barrier for this branch line. However, MOVs 1813A and 1813B are maintained closed at power and tested to Appendix J.
These lines are also filled with water post LOCA, thus providing a barrier to the release of containment atmosphere.

(26)

This manual valve is subject to an annual hydrostatic leakage test and is not subject to 10 CFR 50, Appendix J leakage testing. See NUREG-0821.

(27)

The service water (SW) system piping inside containment for this penetration is a closed system (CLIC). Verification of this closed system as a
containment isolation boundary is accomplished via inservice and/or shutdown leakage checks.

(28)

This solenoid valve is maintained inactive in the closed position by removal of its dc control power.

(29)

The flanges and associated double seals provide containment isolation and ensure that containment integrity is maintained for all modes of operation above
MODE 5 (Cold Shutdown). During MODE 5 and 6 (Cold Shutdown and Refueling) when the flanges are removed, these valves provide isolation for
containment shutdown purge and exhaust. These valves do not require 10 CFR 50, Appendix J leakage testing, nor a maximum isolation time.

(30)

The service water (SW) system is seismically supported and is missile protected inside containment. Therefore, this manual valve is not subject to 10 CFR
50, Appendix J leakage testing. See NUREG-0821. Additionally, except for a brief peak at the beginning of the transient, the SW system pressure at this
valve will be above the post-LOCA containment pressure.
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Note

Description

(31)

This penetration is decommissioned and welded shut.

(32)

Acceptable isolation capability is provided for these instrument lines by two isolation boundaries outside containment. One of the boundaries outside
containment is a Seismic Category I closed system which is subjected to Type C leakage testing under 10 CFR 50, Appendix J.

(33)

These end caps include those found on the sensing lines for PS-2092, PT-468, PT-469, PT-469A, and PT-482 (Penetration 401) and PS-2093, PT-479, and
PT-483 (Penetration 402).

(34)

This check valve can be open when containment isolation is required in order to provide necessary feedwater or auxiliary feedwater to the steam generators.
The check valve will close once feedwater is isolated to the affected steam generator.

(35)

Deleted

(36)

AOV 371 and the residual heat removal closed system outside containment (CLOC) are containment boundaries for both penetrations 111 and 112.

(37)

AOV 959 is maintained closed with its control fuses pulled.

(38)

This valve was added in accordance with PCR 2002-0035 and is only used for manual operation of the Safety Injection Accumulator Makeup Pump.

(39)

Manual valves 898C, 9080, and 9080C are CIVs for both penetrations 101 and 113.

(40)

Manual valve 868E is a CIV for both penentrations 105 and 109.

(41)

Relief valve 869E is a CIV for both penentrations 105 and 109.

(42)

The Safety Injection pathways do not constitute a potential primary containment atmospheric pathway because they remain either water sealed or water
filled for 30-days post-accident. Local leak rate testing of the associated components is not required per the Appendix J Program.

(43)

The Containment Sump A discharge to the Waste Holdup tank pathway does not constitute a potential primary containment atmospheric pathway because
this pathway remains water filled for the 30-days post-accident. Local leak rate testing of the associated components is not required per the Appendix J
Program.
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Table 6.2-31
CONTAINMENT PIPING PENETRATIONS AND ISOLATION BOUNDARIES LEGEND FOR Table 6.2-29
Symbol

Description

AOV

Air-operated valve

Both

R/G and Status

C

Closed

CIV

Containment isolation valve

CLIC

Closed loop inside containment

CLOC

Closed loop outside containment

LC

Locked closed

LO

Locked open

MOV

Motor-operated valve

NA

Not applicable due to boundary type

O

Open

O/C

Open or closed

R/G

Red/green light on main control board

Status

White status light
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Table 6.2-32
EFFECT OF LOSS OF AIR OR POWER SUPPLY TO AIR-OPERATED VALVES
Penetration
Number

System

Valve
Number

Receive
CIS

Position Following
Loss of Air or Power

107

Sump A discharge to waste
holdup tank

1723
1728

Ye
s
Yes

Fails closed
Fails closed

111

Residual heat removal to Loop B
cold leg

959

Yes

Fails closed

112

Letdown to non-regenerative
heat exchanger

200A
200B
202
371
427

Yesa
Yesa
YesaYes
Yes

Fails closed
Fails closed
Fails closed
Fails closed
Fails openb

120a

Nitrogen to accumulators

846

Yes

Fails closed

120b

Pressurizer relief tank to gas
analyzer

539

Yes

Fails closed

121a

Makeup water to pressurizer
relief tank

508

Yes

Fails closed

123a

Reactor coolant drain tank to gas
analyzer line

1789

Yes

Fails closed

124c

Excess letdown heat exchanger
cooling water supply and return

745

Yes

Fails closed

129

Reactor coolant drain tank and
pressurizer relief tank to
containment vent header

1786
1787

Yes
Yes

Fails closed
Fails closed

132

Containment mini-purge exhaust

7970
7971

Yes
Yes

Fails closed
Fails closed

143

Reactor coolant drain tank
discharge line

1003A
1003B
1721

Yes
Yes
Yes

Fails closed
Fails closed
Fails closed

204

Purge supply duct
Loop B hot leg sample

Yes
Yes
Yes

Fails closed

205

5869
955
966C

Fails closedb
Fails closed

206a

Pressurizer liquid space sample

953
966B

Yes
Yes

Fails closedb
Fails closed

206b

Steam generator A sample
Pressurizer steam space sample

Yes
Yes
Yes

Fails closed

207a

5735
951
966A

Fails closedb
Fails closed

207b

Steam generator B sample Page 182 of 285
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Penetration
Number

System

Valve
Number

Receive
CIS

Position Following
Loss of Air or Power

300

Purge exhaust duct

5879

Yes

Fails closedb

305b

Containment air sample inlet

1598
1599

Ye
s
Yes

Fails closed
Fails closed

305e

Containment air sample outlet

1597

Yes

Fails closed

309

Mini-purge supply

7445
7478

Ye
s
Yes

Fails closed
Fails closed

310a

Instrument air to containment

5392

Yes

Fails closed

321

Steam generator A blowdown

5738

Yes

Fails closed

322

Steam generator B blowdown

5737

Yes

Fails closed

324

Demineralized water to
containment

8418

Yes

Fails closed

401

Main steam from steam generator
A

3411
3517

No
No

Fails closedc
Fails closed on loss
of air;
Fails as-is on loss of
power

402

Main steam from steam generator
B

3410
3516

No
No

Fails closedc
Fails closed on loss
of air;
Fails as-is on loss of
power

a.

CIS is relayed from control circuit for valve 427.

b.

Credit is not taken for this valve as a containment isolation valve.

c.

Automatic backup N2 supply provided.
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Table 6.2-33
ESSENTIAL AND NONESSENTIAL SYSTEM CONTAINMENT PENETRATIONS
Penetration
Number

Identification/Description

Essential Versus
Nonessential

2

Steam generator inspection/maintenance

Nonessential

29

Fuel transfer tube

Nonessential

100

Charging line to loop B

Nonessential

101

Safety injection pump 1B discharge

Essential

102

Alternate charging to loop A cold leg

Nonessential

103

Construction fire service water

Nonessential

105

Containment spray pump 1A

Essential

106

Reactor coolant pump A seal water inlet

Essential

107

Sump A discharge to waste holdup tank

Nonessential

108

Reactor coolant pump seal water return and excess letdown
to volume control tank

Nonessential

109

Containment spray pump 1B

Essential

110a

Reactor coolant pump B seal water inlet

Essential

110b

Safety injection test line

Nonessential

111

Residual heat removal to loop B cold leg

Essential

112

Letdown to nonregenerative heat exchanger

Nonessential

113

Safety injection pump 1A discharge

Essential

119

Standby auxiliary feedwater (SAFW) to steam generator 1A

Essential

120a

Nitrogen to accumulators

Nonessential

120b

Pressurizer relief tank to gas analyzer

Nonessential

121a

Makeup water to pressurizer relief tank

Nonessential

121b

Nitrogen to pressurizer relief tank

Nonessential

121c

Containment pressure transmitter PT-945 and PT-946

Essential

123a

Reactor coolant drain tank to gas analyzer

Nonessential

123b

Standby auxiliary feedwater (SAFW) to steam generator 1B

Essential

124a

Excess letdown heat exchanger cooling water supply

Nonessential

124b

Postaccident air sample to containment recirculation fan C

Nonessentiala

124c

Excess letdown heat exchanger cooling water return

Nonessential
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Penetration
Number

Identification/Description

Essential Versus
Nonessential

124d

Postaccident air sample to common return

Nonessential

125

Component cooling water from reactor coolant pump 1B

Essential

126

Component cooling water from reactor coolant pump 1A

Essential

127

Component cooling water to reactor coolant pump 1A

Essential

128

Component cooling water to reactor coolant pump 1B

Essential

129

Reactor coolant drain tank and pressurizer relief tank to
containment vent header

Nonessential

130

Component cooling water from reactor support cooling

Nonessential

131

Component cooling water to reactor support cooling

Nonessential

132

Containment mini-purge exhaust

Nonessential

140

Residual heat removal pump suction from loop A hot leg

Essential

141

Residual heat removal pump A suction from sump B

Essential

142

Residual heat removal pump B suction from sump B

Essential

143

Reactor coolant drain tank discharge line

Nonessential

201a

Reactor compartment cooling unit A return

Essential

201b

Reactor compartment cooling unit B return

Essential

202a

Hydrogen recombiner B (pilot)

Nonessential

202b

Hydrogen recombiner B (main)

Nonessential

203a

Containment pressure transmitter PT-947 and 948

Essential

203b

Postaccident air sample from containment recirculation fan
D

Nonessentiala

203c

Postaccident air sample from common header

Nonessentiala

204

Purge supply duct

Nonessential

205

Loop B hot leg sample

Nonessential

206a

Pressurizer liquid space sample

Nonessential

206b

Steam generator A sample

Nonessential

207a

Pressurizer steam space sample

Nonessential

207b

Steam generator B sample

Nonessential

209a

Reactor compartment cooling unit B return

Essential

209b

Reactor compartment cooling unit A supply

Essential
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Penetration
Number

Identification/Description

Essential Versus
Nonessential

210

Oxygen makeup to A and B recombiners

Nonessential

300

Purge exhaust duct

Nonessential

301

Auxiliary steam supply to containment

Nonessentiala

303

Auxiliary steam condensate return

Nonessentiala

304a

Hydrogen recombiner A (pilot)

Nonessential

304b

Hydrogen recombiner A (main)

Nonessential

305a

Containment air sample postaccident

Nonessentiala

305b

Containment air sample inlet

Nonessential

305c

Containment air sample postaccident

Nonessential

305d

Containment air sample postaccident

Nonessential

305e

Containment air sample out

Nonessential

307

Fire service water

Nonessential

308

Service water from containment fan cooler A

Essential

309

Mini-purge supply

Nonessential

310a

Instrument air to containment

Nonessential

310b

Service air to containment

Nonessential

311

Service water from containment fan cooler B

Essential

312

Service water to containment fan cooler D

Essential

313

Leakage test depressurization

Nonessential

315

Service water from containment fan cooler C

Essential

316

Service water to containment fan cooler B

Essential

317

Leakage test supply

Nonessential

318

Dead weight tester

Nonessentiala

319

Service water to containment fan cooler A

Essential

320

Service water to containment fan cooler C

Essential

321

Steam generator A blowdown

Nonessential

322

Steam generator B blowdown

Nonessential

323

Service water from containment fan cooler D

Essential

324

Demineralized water to containment

Nonessential

Page 186 of 285

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 6 ENGINEERED SAFETY FEATURES

Penetration
Number

Identification/Description

Essential Versus
Nonessential

332a

Hydrogen monitor instrumentation lines

Nonessential

332b

Hydrogen monitor instrumentation lines

Nonessential

332c

Containment pressure transmitters PT-944, 949, and 950

Essential

332d

Hydrogen monitor instrumentation lines

Nonessential

401

Main steam from steam generator A

Nonessential

402

Main steam from steam generator B

Nonessential

403

Feedwater line to steam generator A

Essentialb

404

Feedwater line to steam generator B

Essentialb

1000

Personnel hatch

Nonessential

2000

Equipment hatch

Nonessential

a.

Decommisioned via welded caps or plugs on both sides (Inside & Outside Containment) of penetration.

b.

Used for auxiliary feedwater.
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Table 6.2-34
PARAMETERS AND ASSUMPTIONS USED TO DETERMINE HYDROGEN
GENERATION (HISTORICAL)
Core thermal power rating

1,550 MWt

Containment free volume

1,000,000 ft3

Weight of zirconium cladding

22,309 lbs

Percent of zirconium associated with zirc-water reaction

5%

Hydrogen generated by zirc-water reaction

8,812 scf

Initial inventory

783 scf

Hydrogen recombiner capacity

100 scfm

Core Cooling Solution Radiolysis
Percent of total halogens retained in the core

50

Percent of total noble gases retained in the core

0

Percent of other fission products retained in the core

99

Percent of total decay energy - gamma

50

Percent of total decay energy - beta

50

Percent of gamma energy absorbed by solution

10

Percent of beta energy absorbed by solution

0

Molecules of hydrogen produced per 100 eV of energy absorbed by solution

0.50

Sump Cooling Solution Radiolysis
Percent of total halogens released to the sump solution

50

Percent of total noble gases released to the sump solution

0

Percent of other fission products released to the sump solution

1

Percent of total energy (beta + gamma) absorbed by solution

100

Molecules of hydrogen produced per 100 eV of energy absorbed by solution

0.50
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Table 6.2-35
FISSION PRODUCT DECAY ENERGY IN SUMP SOLUTION (HISTORICAL)
Time After
LOCA
Days

a.

Sump Fission Product Energya
Energy Release Rate

Integrated Energy Release

Watts/MWt

Watt-Days/MWt

1

2.32E+02

4.87E+02

5

7.59E+01

9.32E+02

10

4.69E+01

1.23E+03

15

3.35E+01

1.43E+03

20

2.66E+01

1.58E+03

25

2.26E+01

1.70E+03

30

2.00E+01

1.81E+03

40

1.62E+01

1.98E+03

50

1.35E+01

2.13E+03

60

1.14E+01

2.26E+03

70

9.81E+00

2.36E+03

80

8.79E+00

2.45E+03

90

8.29E+00

2.54E+03

100

8.31E+00

2.62E+03

Considers release of 50 percent of core halogens, no noble gases and 1 percent of other fission products
to the sump solution.
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Table 6.2-36
FISSION PRODUCT DECAY ENERGY IN THE CORE (HISTORICAL)
Time After
LOCA
Days

a.

Core Fission Product Energya
Energy Release Rate

Integrated Energy Release

Watts/MWt

Watt-Days/MWt

1

4.57E+03

6.36E+03

5

3.07E+03

2.08E+04

10

2.44E+03

3.44E+04

15

2.08E+03

4.56E+04

20

1.84E+03

5.54E+04

25

1.67E+03

6.41E+04

30

1.54E+03

7.22E+04

40

1.35E+03

8.65E+04

50

1.20E+03

9.92E+04

60

1.08E+03

1.11E+05

70

9.90E+02

1.21E+05

80

9.14E+02

1.30E+05

90

8.54E+02

1.39E+05

100

8.09E+02

1.48E+05

Considers 50 percent of core halogens, no noble gases and 99 percent of other fission products in the
core.
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6.3
6.3.1

EMERGENCY CORE COOLING SYSTEM (ECCS)
DESIGN CRITERIA

The following design criteria were used during the licensing of Ginna Station. They represent
the Atomic Industrial Forum (AIF) version of proposed criteria issued by the AEC for
comment on July 10, 1967 (see Section 3.1.1). Conformance with the 1972 General Design
Criteria of 10 CFR 50, Appendix A, is discussed in Section 3.1.2. The criteria discussed in
Section
3.1.2 as they apply to the Emergency Core Cooling System (ECCS) include 35, 36, and 37.
6.3.1.1

Emergency Core Cooling System (ECCS) Capability

CRITERION: An Emergency Core Cooling System (ECCS) with the capability for
accomplishing adequate emergency core cooling shall be provided. This core
cooling system and the core shall be designed to prevent fuel and clad damage
that would interfere with the emergency core cooling function and to limit the
clad metal-water reaction to acceptable amounts for all sizes of breaks in the
reactor coolant piping up to the equivalent of a double-ended rupture of the
largest pipe. The performance of such an Emergency Core Cooling System
(ECCS) is evaluated conservatively in each area of uncertainty (AIF-GDC 44).
Adequate emergency core cooling is provided by the safety injection system that constitutes
the Emergency Core Cooling System (ECCS) at Ginna Station. The safety injection systems
are the passive accumulators, high-pressure safety injection, and low-pressure (residual heat
removal) safety injection and recirculation.
The primary purpose of the safety injection system is to automatically deliver cooling water
to the reactor core to limit the fuel clad temperature and thereby ensure that the core will
remain intact and in place, with its heat transfer geometry preserved. This protection is
prescribed for all break sizes up to and including the hypothetical instantaneous doubleended rupture of the reactor coolant pipe, the rod ejection accident, a steam or feedwater line
break, a steam generator tube rupture, and other accidents analyzed in Chapter 15.
To ensure effective cooling of the core, limits on peak clad temperature and local metal-water
reaction, as prescribed by 10 CFR 50.46 , will not be exceeded.
For any rupture of a steam pipe and the associated uncontrolled heat removal from the core,
the safety injection system adds shutdown reactivity so that even with a stuck control rod, loss
of offsite power, and minimum engineered safety features, the limits of 10 CFR 50.46 and 10
CFR 100 are met. The ability of the safety injection system to meet its capability objectives is
presented in Section 6.3.3.
Redundancy and separation of instrumentation and components are incorporated to ensure
that postulated malfunctions will not impair the ability of the system to meet the design
objectives including the single-failure criterion.
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6.3.1.2

Inspection of Emergency Core Cooling System (ECCS)

CRITERION: Design provisions shall, where practical, be made to facilitate access to physical
inspection of all critical parts of the Emergency Core Cooling System (ECCS),
including reactor vessel internals and water injection nozzles (AIF-GDC 45).
Design provisions are made to the extent practical to facilitate access to the critical parts of
the reactor vessel internals, injection nozzles, pipes, valves, and safety injection pumps for
visual, boroscopic, and ultrasonic inspection for erosion, corrosion, and vibration wear
evidence, and for nondestructive test inspection where such techniques are desirable and
appropriate.
6.3.1.3

Testing of Emergency Core Cooling System (ECCS) and Components

CRITERION: Design provisions shall be made so that components of the Emergency Core
Cooling System (ECCS) can be tested periodically for operability and
functional performance (AIF-GDC 46).
Capability shall be provided to test periodically the operability of the
Emergency Core Cooling System (ECCS) up to a location as close to the core as
is practical (AIF-GDC 47).
Design provisions are made so that active components of the safety injection system can be
tested periodically for operability and functional performance.
Each active component can be individually actuated on the normal power source at any time
during plant operation.
The safety injection pumps can be tested periodically during plant operation using the
minimum flow recirculation lines in accordance with the inservice pump and valve testing
program. The residual heat removal pumps are used every time the residual heat removal loop
is put into operation, as well as being periodically tested. All remote operated valves are
exercised and actuation circuits are tested during routine plant maintenance.
The accumulators are tested for flow during startup after a MODE 6 (Refueling) shutdown.
Accumulator flow is measured when valves in the accumulator test line are opened during the
test. This flow is recirculated back to the refueling water storage tank (RWST).
See Section 6.3.5 for a more detailed description of current testing provisions.
6.3.1.4

Testing of Operational Sequence of Emergency Core Cooling System (ECCS)

CRITERION: Capability shall be provided to test initially, under conditions as close as
practical to design, the full operational sequence that would bring the
Emergency Core Cooling System (ECCS) into action, including the transfer to
alternate power sources (AIF-GDC 48).
The design provides for capability to test initially, to the extent practical, the full operational
sequence up to the design conditions for the safety injection system to demonstrate the state
of readiness and capability of the system. Details of the operational sequence testing are
presented in Section 6.3.5, Tests and Inspections. The functional test that was performed
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during startup is described in Section 5.4.5.5 and Section 14.6.1. (See also Section
3.1.1.7.12.).
6.3.1.5

Service Life

All portions of the system located within the containment are designed to operate without
benefit of maintenance and without loss of functional performance for the duration of
time the component is required.
6.3.1.6

Codes and Classifications

The safety injection system and components were designed, fabricated, inspected, and
tested in conformance with the applicable codes listed in Table 3.2-1.
As part of the Systematic Evaluation Program (SEP), the codes, standards, and
classifications to which the station was built were compared to current code requirements.
Details of the comparison which includes the safety injection systems are found in Section
3.2. The seismic qualification of piping and system components is discussed in Section
6.3.3.10. The original quality standards of the safety injection system components are
tabulated in Table 6.3-1.
6.3.2
6.3.2.1
6.3.2.1.1

SYSTEM DESIGN AND OPERATION
System Description
General

The safety injection system is shown in Drawing 33013-1262, Sheets 1 and 2. The lowhead safety injection portion of the system (residual heat removal) is shown in Drawing
33013-1247.
Adequate core cooling following a loss-of-coolant accident is provided by the safety injection
(emergency core cooling) system, which operates as follows:
1. Injection of borated water by the passive accumulators.
2. Injection by the high-pressure safety injection pumps drawing borated water from the
refueling water storage tank (RWST).
3. Injection by the residual heat removal pumps also drawing borated water from the
refueling water storage tank (RWST).
4. Recirculation of reactor coolant and injection water from the containment sump to
the reactor coolant system by the residual heat removal pumps.
The principal components of the safety injection system which provide core cooling
immediately following a loss-of-coolant accident are the accumulators (one for each loop),
the three 50% capacity safety injection (high-head) pumps and the two 100% capacity
residual heat removal (low-head) pumps. The safety injection and residual heat removal
pumps are located in the auxiliary building.
Sump B has been designed to protect against the entrance of debris through the use of
concrete curbing around Sump B, a steel plate sump cover, and multiple strainer modules
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constructed of stainless steel plate with 1/16" perforations (see Section 6.3.2.2.6). The
potential for a primary coolant pipe break to damage thermal insulation on the piping as well
as that on nearby components, transport it to water sources used for long-term post loss-ofcoolant accident (LOCA) recirculation (sump B) and containment spray, and deposit it on
debris screens or suction strainers was evaluated and resolved as part of Generic Letter 85-22
and NRC Unresolved Safety Issue A-43. Plant insulation surveys, development of methods
for estimating debris generation and transport, debris transport experiments, and information
provided as public comments on the findings have shown that debris blockage effects are
dependent on the types and quantities of insulation employed, the primary system layout
within containment, post-LOCA recirculation patterns and velocities, and the post-LOCA
recirculation flow rates. In response to NRC Bulletin 93-02 (Reference 1), RG&E stated that
the actions currently taken at Ginna during MODE 6 (Refueling) shutdowns and prior to
return to power operations include administratively controlling equipment that is stored
inside containment during reactor operation and ensuring that the containment recirculation
sump (sump B) is inspected and cleaned as necessary following maintenance activities.
Generic Letter 98-04 (Reference 11) was issued to request information to evaluate programs
for ensuring that Service Level 1 protective coatings inside containment do not detach from
their substrate during a design basis loss-of-coolant accident (LOCA). In response to NRC
Generic Letter 98-04 (Reference 12), RG&E stated that RG&E has implemented controls for
the procurement, application, and maintenance of Service Level 1 protective coatings used
inside the containment at Ginna. RG&E also described conformance with 10 CFR
50.46(b)(5), "Long-term cooling", and the ability to provide extended decay heat removal.
In its letter dated July 15, 2005, as supplemented on August 31, 2005, R. E. Ginna provided
its 90 day response to NRC Generic Letter (GL) 2004-02, "Potential Impact of Debris
Blockage on Emergency Recirculation During Design Basis Accidents at Pressurized Water
Reactors." In GL 2004-02, the NRC indicated that the primary objective of its technical
assessment of Generic Safety Issue (GSI) 191, "Assessment of Debris Accumulation on PWR
Sump Performance", was to assess the likelihood that the emergency core cooling system and
containment spray system pumps would experience a debris-induced loss of net positive
suction head (NPSH) margin during sump recirculation. The NRC also discussed the need to
complete corrective actions, including any plant modifications, to address the concerns in GL
2004-02. In addition, the NRC staff stated that all actions should be initiated during the first
refueling outage after April 1, 2006, and completed by December 31, 2007. In a letter dated
June 29, 2006, Ginna updated its prior response to GL 2004-02 by informing the NRC that it
was suspending the activities related to an active sump strainer design and was evaluating the
procurement of a replacement passive strainer technology. On July 27, 2006 Ginna submitted
a request for extension for completing the corrective actions discussed in GL 2004-02 beyond
December 31, 2007. Ginna stated that during its fall 2006 refueling outage, it would install
new interim passive strainer modules, which would increase the available screen area by
approximately 600 square feet. Ginna stated it would also install a new flow diverter wall in
the basement of containment in order to reduce the direct transport path of debris into the
recirculation sump from a postulated break in the "B" reactor coolant system compartment,
which is the location of the highest postulated generated debris during a loss-of-coolant
accident (LOCA). The justification for the extension request was provided in that submittal.
The NRC responded in a letter dated October 4, 2006 (Reference 14) stating that the
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installation of the modifications described above would put mitigation measures in place to
adequately reduce the risk for the requested short extension period and, therefore, it is
acceptable to extend the completion date for the corrective actions for the issues described in
GL 2004-02 until the completion of the Ginna spring 2008 refueling outage.
During the 2008 refueling outage, these interim measures were removed and replaced with a
passive sump strainer with approximately 4000 ft2 of surface area. Supplementary responses
to GL 2004-02, dated February 29, 2008 and July 25, 2008, addressed Requests for
Additional Information related to the previous responses. Testing and analyses performed on
the Sump "B" strainer resulted in the conclusion that all concerns associated with GL 200402 were adequately addressed by the 2008 refueling outage Sump "B" strainer installation.
Analyses (References 16, 17, and 18) conforming to the methods developed in WCAP-16530NP, were performed to determine the quantity of chemical precipitant formation in the
containment recirculation pool. Likewise, analyses (References 19 and 20) were performed
to determine the quantity of post-LOCA debris and its transport to Sump "B”. Sump pH
calculated in Reference 17 was confirmed to be conservative by a more recent evaluation
(See Section 6.1.2.1.4). A scale model of the strainers was tested in a tank, simulating the
containment recirculation pool, using scaled quantities of chemical precipitant and other fiber
and particulate debris. The test results (References 21 and 22) indicate that the 4000 ft2 of
Sump "B" strainers can withstand the worst case containment post-LOCA debris load,
ensuring that the RHR pumps have ample NPSH margin to meet the design flow
requirements.
Additional analysis (Reference 23) was performed to determine the effect that debris, which
bypasses the Sump "B" strainers, has on downstream equipment relied upon during the postLOCA recovery period. The analysis was performed using the methodology established in
topical report WCAP-16406-P. The results of the analysis show that no component is
adversely impaced by the debris bypass over the 30 day post-LOCA period. Similarly, the
analysis showed that there is an insufficient quantity of debris fiber to block the flow area at
the top of the core.
An evaluation of (Reference 24) was performed by Westinghouse, using the LOCADM code,
to predict the growth of fuel cladding deposits and to determine the clad/oxide interface
temperature that results from coolant impurities entering the core following a LOCA. These
results show that the calculated fuel cladding deposits and clad/oxide interface temperature
do not challenge the acceptance criteria.
The stated acceptance criterion is that the maximum cladding temperature maintained during
periods when the core is covered will not exceed a core average clad temperature of 800F.
This acceptance basis is applied after the initial quench of the core and is consistent with
long-term cooling requirements stated in 10 CFR 50.46 (b)(4) and 10 CFR 50.46 (b)(5). The
maximum fuel clad temperature determined through this analysis was substantially below the
acceptance criteria.
An additional acceptance criterion is to demonstrate that the total debris deposition on the
fuel rods (oxide + crud + precipitate) is less than 50 mils. This acceptance criterion is based
on the maximum acceptable deposition thickness before bridging of adjacent fuel rods by
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debris is predicted to occur. Again, the deposition thickness determined through this analysis
was substantially below the acceptance criteria.
6.3.2.1.2

Injection Phase

The system passive components (accumulators) function to discharge at least 2550 ppm
borated water into the cold legs of the reactor coolant piping thus ensuring immediate core
cooling. To provide protection for large area ruptures in the reactor coolant system, the safety
injection system must respond to rapidly reflood the core following the rapid depressurization
and core voiding that is characteristic of large area ruptures. The accumulators act to perform
the rapid reflooding function with no dependence on normal or emergency power sources,
and also with no dependence on receipt of an actuation signal.
The accumulators are a passive safety feature in that they perform their design function in the
total absence of an actuation signal or power source. The only moving parts in the accumulator
injection train are the check valves. The path of the check valves is exposed to fluid of
relatively low boric acid concentration contained within the reactor coolant loop. Even if some
unforeseen deposition accumulated, the differential pressure would be sufficient to allow fluid
to be injected.
The check valves operate in the closed position with a nominal differential pressure across the
disk of approximately 1535 psi. They remain in this position except for testing or when
called upon to function. Since the check valves operate normally in the closed position and
are therefore not subject to the abuse of flowing operation or impact loads caused by sudden
flow reversal and seating, they do not experience any wear of the moving parts.
Three safety injection pumps (50% capacity each) discharge to loops A and B cold legs.
The function of the high-head safety injection and low-head residual heat removal pumps is
to complete the refilling of the vessel and ultimately return the core to a subcooled state. The
flow from any two safety injection pumps and one residual heat removal pump is sufficient to
provide the required flow to maintain the fuel within required safety limits, as specified in 10
CFR 50.46 and 10 CFR 50, Appendix K. The starting sequence of the safety injection
pumps, residual heat removal (RHR) pumps, and the related emergency power equipment is
designed so that delivery of the full rated flow is reached at 32 seconds for SI and 30 seconds
for RHR.
During the injection phase, the high-head safety injection pumps do not depend on other fluid
systems, with the exception of the suction line from the refueling water storage tank (RWST).
During the recirculation phase of the accident for small breaks, suction to the high-head
safety injection pumps can be provided by the residual heat removal pumps. The residual
heat removal (low-head) pumps are normally used during reactor shutdown operations.
Whenever the reactor is at power, the pumps are aligned for low-head safety injection.
The safety injection system is designed such that a single active failure of both a residual heat
removal pump and a safety injection pump will not prevent the system from fulfilling its
design function.
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Two independent parallel flow paths from the boric acid storage tanks, each with two motoroperated valves in series (826A, B, C, and D), were originally utilized to permit 12 wt %
boric acid to flow to the suction of the safety injection pumps. The system was modified to
isolate these flow paths by closing these valves with ac power removed as specified in the
Technical Specifications.
6.3.2.1.3

Recirculation Phase

After the injection phase, coolant spilled from the break and water entering containment by
operation of the containment spray system and the safety injection system are collected in
containment sump B. The collected water is recirculated back to the reactor coolant system
by the safety injection system. The residual heat removal pumps take a suction from
containment sump B via two independent recirculation sump lines. The residual heat removal
pumps provide a net positive suction head for the safety injection pumps during high-head
recirculation to cold legs A and B, if needed, by remote manual operator manipulation of
valves.
An alternative flow path from the residual heat removal A heat exchanger to safety injection
pump C was added during initial construction in advance of proposed changes to AEC
regulation. Use of this flow path requires both local manipulation of manual valves (1816A
and 1816B) and remote manipulation of motor operated valves (1815A and 1815B). The
alternate flow path has been determined not to be required and is not credited within the Ginna
current licensing basis. Because of this, use of the alternate flow path is not reflected in
emergency operating procedures (EOPs).
6.3.2.2
6.3.2.2.1

Component Description
Accumulators

The accumulators are pressure vessels filled with borated water and pressurized with nitrogen
gas. During MODES 1 and 2 and MODE 3 with pressure >1600 psig, each accumulator is
isolated from the reactor coolant system by two check valves in series. Should the reactor
coolant system pressure fall below the accumulator pressure, the check valves open and
borated water is forced into the reactor coolant system. Mechanical operation of the swingdisk check valves is the only action required to open the injection path from the accumulators
to the core via the cold leg.
The accumulators are passive engineered safety features because of the gas forced injection;
no external source of power or signal transmission is needed to obtain fast-acting, high-flow
capability when the need arises. One accumulator is attached to each of the cold legs of the
reactor coolant system. The design capacity of the accumulators is based on the assumption
that flow from one of the accumulators spills onto the containment floor through the ruptured
loop and flow from the remaining accumulator provides sufficient water for the initial core
cooling requirements.
The accumulators are carbon steel, clad with stainless steel, and designed to ASME III, Class
A. They are located inside the containment but outside the missile barrier; therefore, each is
protected against possible missiles. Connections for remotely draining or filling the fluid and
gas space during MODES 1 and 2 are provided.
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The design parameters of the accumulators are shown in Table 6.3-2.
The accumulators provide redundant level and pressure indications with readouts on the
control board. Each indicator is equipped with high and low-level alarms. Specific
requirements for accumulator operability, including level, pressure, and boron concentration
values, are stated in the Technical Specifications.
6.3.2.2.2
6.3.2.2.2.1

Safety Injection Pumps
Operation

The three high-head safety injection pumps for supplying borated water to the reactor coolant
system are horizontal centrifugal pumps driven by electrical motors. Parts of the pumps in
contact with borated water are stainless steel or equivalent corrosion resistant material. A
minimum flow bypass line with a fixed in-line orifice is provided on each pump discharge to
recirculate flow to the refueling water storage tank (RWST) whenever the associated safety
injection pump starts. This configuration ensures an acceptable pump minimum flow
whenever the main safety injection flow path is passing little or no flow. The bypass line is a
1.50-in. line that includes a 100-gpm flow orifice. The three bypass lines discharge to a 2-in.
common header that discharges to the refueling water storage tank (RWST). The pump
bypass can be isolated by two motor-operated valves (MOV 897 and 898) in series in the
header. These valves are normally open and fail as is on loss of power (see Table 6.3-8). The
bypass system is isolated from the refueling water storage tank (RWST) during high-head
recirculation when water from the containment sump is recirculated through the residual heat
removal pumps to the safety injection pumps and to the reactor coolant system cold legs.
Each of the safety injection pumps are sized at 50% of the capacity required to meet the
design criteria outlined in Section 6.3.1.
The safety injection pump characteristic curves of total dynamic head as a function of flow
are shown in Figure 6.3-2.
The safety injection pumps are provided continuously with service water flow to the outboard
(thrust) bearing housing using a water jacket that surrounds the oil bath. During the injection
phase post-accident and during line-up for reduced inventory operation, the source of water is
the refueling water storage tank (RWST). Since the temperature of the water source is not
elevated during these modes, the pump would remain operable in the event that service water
was isolated. During the recirculation phase, service water flow is needed to ensure pump
reliability, because the temperature of the water source (from containment sump B through
the residual heat removal (RHR) pumps and heat exchangers) would be much higher. The
pumps are also provided continuously with component cooling water to the inboard and
outboard mechanical seal cooling heat exchangers. For the same reasons, component
cooling water flow to these heat exchangers is not essential until switchover to the sump
recirculation phase. Since emergency procedures do not contain specific instructions
concerning these flows, service water and component cooling water is continuously
available while the plant is operating in MODES 1-4.
Two residual heat removal pumps used for low-pressure safety injection also supply
emergency core cooling water to the reactor coolant system. These centrifugal pumps are
driven by electric motors. Details of the residual heat removal pumps are presented in the
discussion of the residual heat removal system, Section 5.4.5. Table 6.3-3 gives the design
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parameters of the safety injection and residual heat removal pumps. The residual heat
removal pump characteristic curves of total dynamic head as a function of flow are shown
in Figure 6.3-3.
6.3.2.2.2.2

Pump Design and Fabrication

The pressure-containing parts of the safety injection pumps are static castings conforming to
ASTM A-351 grade CF8 or CF8M. Stainless steel forgings are procured per ASTM A-182
grade F304 or F316 or ASTM A-336, Class F8 or F8M, and stainless plate is constructed to
ASTM A-240, type 304 or 316. All bolting material conforms to ASTM A-193. Materials
such as weld-deposited Stellite Colmonoy are used on the pump’s shaft sleeve and proven
material combinations are used at points of close running clearances in the pumps to prevent
galling and to ensure continued performance ability in high velocity areas subject to erosion.
All pressure-containing parts of the pumps were chemically and physically analyzed and the
results were checked to ensure conformance with the applicable ASTM specification. In
addition, all pressure-containing parts of the pump were liquid penetrant examined in
accordance with Appendix VIII of Section VIII of the ASME Boiler and Pressure Vessel
Code (ASME Code). The acceptance standard for the liquid penetrant test was USAS B31.1,
Code for Pressure Piping, Case N-10.
The pump design was reviewed with special attention to the reliability and maintenance
aspects of the working components. Specific areas included evaluation of the shaft seal and
bearing design to determine that adequate allowances had been made for shaft deflection and
clearances between stationary parts.
Where welding of one pressure-containing part to another was necessary, a welding
procedure including joint detail was submitted for review and approval by Westinghouse.
The procedure included evidence of qualification necessary for compliance with Section IX
of the ASME Code Welding Qualifications. This requirement for compliance with Section
IX also applies to any repair welding performed on pressure-containing parts. In addition to
the above requirements, these welds were radiographed in accordance with Paragraph UW51 of Section VIII of the ASME Code and subsequently liquid penetrant examined in
accordance with Appendix VIII of Section VIII of the ASME Code.
The pressure-containing parts of the pump were assembled and hydrostatically tested to 1.5
times the design pressure for 30 min. Each pump was given a complete shop performance
test in accordance with Hydraulic Institute Standards. The pumps were run at design flow
and head, shutoff head, and three additional points to verify performance characteristics.
6.3.2.2.3

Refueling Water Storage Tank (RWST)

The refueling water storage tank (RWST) is shown in Drawing 33013-1261. In addition to its
usual duty to supply borated water for MODE 6 (Refueling) operations, this tank provides the
source of borated water to the safety injection pumps and the residual heat removal pumps for
the loss-of-coolant accident.

Page 199 of 285

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 6 ENGINEERED SAFETY FEATURES

The capacity of the refueling water storage tank (RWST) is based on the requirement for
filling the refueling canal as well as to provide sufficient sump inventory for recirculation.
The capacity of the tank is 338,000 gallons. The minimum level is 300,000 gallons with a
boron concentration of at least 2750 ppm and no more than 3050 ppm when above MODE 5
(Cold Shutdown). The maximum level, as assumed in the seismic analysis of the tank, is a
level which is 6 in. below the top cylindrical edge of the tank (nominally 331,000 gallons).
The water in the tank is borated to a concentration, which ensures reactor shutdown by at least
5% delta k/k when all rod cluster control assemblies are inserted and when the reactor is
cooled down for refueling. The maximum boric acid concentration is approximately 1.75 wt
% boric acid. At 32F the solubility limit of boric acid is 2.2%; therefore, the concentration
of boric acid in the refueling water storage tank (RWST) is well below the solubility limit at
32F and heating is not required since the tank is in the auxiliary building.
The refueling water storage tank (RWST) design parameters are given in Table 6.3-4.
6.3.2.2.4

Heat Exchangers

For postaccident operational purposes, the two residual heat exchangers of the residual heat
removal loop cool the recirculated sump water. The normal function of these heat exchangers
is the cooldown of the reactor coolant system. This is discussed in Section 5.4.5. Table 6.3-5
gives the design parameters of the heat exchangers.
The design of the heat exchangers is in conformance with ASME Code, Section III, and
Section VIII, 1965, and the Tubular Exchangers Manufacturers Association (TEMA)
standards for Class R heat exchangers. The comparison of these codes to the current
requirements was performed under SEP Topic III-1, Codes and Classifications, and is
discussed in Section 3.2.
The residual heat exchangers are conventional shell and U-tube type units having one shell
and four tube passes. Tubes are seal-welded to the tube sheet. The channel connections are
flanged to facilitate tube bundle removal for inspection and cleaning. Each unit has an SA106 grade A or B carbon steel shell, an SA-234 carbon steel shell end cap, SA-213 type 304
stainless steel tubes, SA-376 type 304 stainless steel channel, SA-240 type 304 stainless steel
channel cover, and an SA-240 type 304 stainless steel tubesheet.
6.3.2.2.5

Boric Acid Storage Tanks

The boric acid storage tanks are shown in Drawing 33013-1266. The boric acid storage tank
capacity is sized to store sufficient boric acid solution to attain MODE 5 (Cold Shutdown)
shortly after full-power operation is achieved, even if the most reactive control rod is not
inserted.
In the original plant design the boric acid storage tanks supplied 12%-13% borated water to
the safety injection pumps as the initial source of water during the injection phase and were
the primary source of compensation for reactivity inserted by the steam line break event. The
system was modified as reflected in Technical Specifications requirements to isolate this flow
path.
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Thus, the boric acid storage tanks no longer perform a safety function related to the
Emergency Core Cooling System (ECCS). See also Section 6.3.2.3.5. The concentration of
boric acid minimum volume and minimum solution temperature in storage is maintained in
accordance with the Technical Requirements Manual (TRM). Periodic manual sampling and
corrective action is provided, if necessary, to ensure that these limits are maintained. As a
consequence, measured amounts of boric acid solution can be delivered to the reactor coolant
to control the chemical poison concentration. The combination overflow and breather vent
connections to the boric acid storage tanks have a water loop seal to minimize vapor
discharge during storage of the solution.
Redundant tank heaters and line heat tracing are provided to ensure that the solution will be
stored at a temperature in excess of the solubility limit. The tank heating elements are located
near the bottom of the tank. Minimum solution temperature limits are specified in the
Technical Requirements Manual (TRM). (See Section 9.3.4.2.6.)
The two vertical boric acid storage tanks are constructed of austenitic stainless steel. The
design free volume in the cylindrical portion of each tank is 3460 gal, the design temperature
is 250F, and the design pressure is atmospheric.
6.3.2.2.6

Containment Sump B

Containment sump B collects liquid discharged into the containment following a loss-ofcoolant accident and then provides the source of water for long-term recirculation. The sump
is located below the basement floor level of containment, surrounded by a 6-inch concrete
curb. The entire top surface of the sump is covered with solid metal decking, through which
passive strainer modules direct recirculation flow into the sump and the residual heat
removal pump suction lines. The sump strainer consists of 3 trains, totaling 16 strainer
modules. Modules of each train are connected through a center channel that directs flow to
the sump. The total effective strainer surface area is approximately 4000 ft2. Each strainer
module is constructed of perforated stainless steel plate. The strainer perforated hole size
and mechanical fit-up gaps do not exceed 1/16". Multiple penetrations through the sump
cover are provided to accommodate various lines, conduits, and valve reach rods. No gap or
clearance between the sump cover and these penetrations exceed 1/16". Therefore, all
recirculated water entering the pump suction must first pass through the passive sump
strainers before entering the pump. The recirculated water will be devoid of any debris
greater than 1/16" in diameter.
6.3.2.2.7
6.3.2.2.7.1

Valves
General

All parts of valves used in the safety injection system in contact with borated water are
austenitic stainless steel or equivalent corrosion-resistant material. The carbon steel and
ASTM A-193 type 410 stainless steel bolting in borated water systems were replaced with
ASTM type 17-4 PH stainless steel to improve corrosion resistance and resistance to
cracking. The carbon steel nuts were replaced with type 316 stainless steel. The borated
water systems included safety injection and residual heat removal. The motor operators on the
low-pressure safety injection deluge line open in the event of a safety injection signal. The
injection valves for the high-pressure safety injection are locked in position as needed to
direct the safety
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injection flow. All valves required for operation of the system have remote position
indication in the control room.
Valving is specified for exceptional tightness and, where possible, instrument valves and
packless diaphragm valves are used. All valves, except those which perform a control
function, are provided with backseats which are capable of limiting leakage to less than 1.0
cm3/ hr/in. of stem diameter, assuming no credit taken for valve packing. Normally closed
globe valves are installed with recirculation flow under the seat to prevent leakage of
recirculated water through the valve stem packing. Relief valves are totally enclosed.
Control and motor-operated valves, 2 in. and above, which are exposed to recirculation flow,
were originally provided with double-packed stuffing boxes and stem leakoff connections
which are piped to the waste disposal system. Under the Valve Packing Improvement
Program, packing arrangements were modified and leakoff connections closed off.
The check valves that isolate the safety injection system (10 in. piping) from the reactor
coolant system cold leg piping are installed immediately adjacent to the reactor coolant piping
to reduce the probability of an injection line rupture causing a loss-of-coolant accident. The
check valves that isolate the safety injection system (2 in. piping) from the reactor coolant
system hot leg piping are installed within approximately 8 ft. of the reactor coolant piping to
also minimize this probability.
Relief valves are installed in the safety injection pump discharge headers to prevent
overpressure in the lines which have a lower design pressure than the reactor coolant system.
The relief valves are set at a pressure that is greater than the maximum pump discharge
pressure and less than the design capability of the safety injection discharge piping. A relief
valve is provided in the accumulator test line for thermal overpressure protection during
alignments that isolate the associated piping.
The gas relief valves on the accumulators protect them from pressures in excess of the design
value.
A pressure relief valve is installed between each of the two sets of boric acid storage tank
isolation valves, 826A and B and 826C and D. These relief valves are provided to avoid an
excessive buildup of pressure in the isolated line. Heat tracing remains installed in this line,
although the line provides no active function since being isolated during boron reduction plant
modifications.
6.3.2.2.7.2

Motor-Operated Valves

The pressure-containing parts (body, bonnet, and disks) of the valves employed in the safety
injection system were designed per criteria established by the USAS B16.5 or MSS SP66
specifications. The materials of construction for these parts were procured per ASTM A182,
F316 or A351, grade CF8M, CF8. All material in contact with the primary fluid, except the
packing, is austenitic stainless steel or equivalent corrosion-resistant material. The pressurecontaining cast components were radiographically inspected as outlined in ASTM E-71 Class
1 or Class 2. The body, bonnet, and disks were liquid penetrant inspected in accordance with
ASME Boiler and Pressure Vessel Code Section VIII, Appendix VIII. The liquid penetrant
acceptable standard was as outlined in USAS B31.1 Case N-10.
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The body-to-bonnet joint when a gasket is employed was designed per ASME Boiler and
Pressure Vessel Code Section VIII or USAS B16.5 with a fully trapped, controlled compression,
spiral-wound gasket with provisions for seal welding, or of the pressure seal design with
provisions for seal welding. The body-to-bonnet bolting and nut materials were procured per
ASTM A193 and A194, respectively.
The entire assembled unit was hydrotested as outlined in MSS SP-61 with the exception that
the test was maintained for a minimum period of 30 minutes/in. of wall thickness. Any
leakage was cause for rejection. The seating design is of the Darling parallel disk design, the
Crane flexible wedge design, or the equivalent. These designs have the feature of releasing
the mechanical holding force during the first increment of travel; thus, the motor operator has
to work only against the frictional component of the hydraulic imbalance on the disk and the
packing box friction. The disks are guided throughout the full disk travel to prevent
chattering and provide ease of gate movement. The seating surfaces are hard faced (Stellite
No. 6 or equivalent) to prevent galling and reduce wear.
The stem material is ASTM type 316 condition B or precipitation hardened ASTM 17-4 PH
stainless procured and heat treated. These materials were selected because of their corrosion
resistance, high tensile properties, and resistance to surface scoring by the packing.
The motor operator unit incorporates a hammer blow feature which allows the motor to
impact the disks away from the fore or backseat upon opening or closing. The hammer blow
feature not only impacts the disk but allows the motor to attain its operational speed.
The valves were assembled, hydrostatically tested, seat-leakage tested (fore and back),
operationally tested, cleaned, and packaged per specifications. All manufacturing procedures
employed by the valve supplier, such as hard facing, welding, repair welding, and testing,
were submitted to Westinghouse for approval.
Valves which must function against system pressure are designed so that they function with a
pressure drop equal to full system pressure across the valve disk.
6.3.2.2.7.3

Manual Valves

The stainless steel manual globe, gate, and check valves were designed and built in
accordance with the requirements outlined in the motor-operated valve description above.
The carbon steel valves were built to conform with USAS B16.5. The construction materials
of the body, bonnet, and disk conform to the requirements of ASTM A105 grade II, A181
grade II or A216 grade WCB or WCC. The carbon steel valves pass only nonradioactive
fluids and were subjected to the hydrostatic test as outlined in MSS SP-61 except that the test
pressure was maintained for at least 30 min/in. of wall thickness. Since the fluid controlled
by the carbon steel valves is not radioactive, the double packing and seal-weld provisions are
not provided.
6.3.2.2.7.4

Accumulator Check Valves

The pressure-containing parts of this valve assembly were designed in accordance with MSS
SP-66. All parts in contact with the operating fluid are of austenitic stainless steel or of
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equivalent corrosion-resistant materials procured to applicable ASTM or WAPD
specifications. The cast pressure-containing parts were radiographed in accordance with
ASTM E-94 and the acceptance standard was as outlined in ASTM E-71. The cast pressurecontaining parts, machined surfaces, finished hard facings, and gasket-bearing surfaces were
liquid penetrant inspected per ASME Code, Section VIII, and the acceptance standard was as
outlined in USAS B31.1 Code Case N-10. The final valve was hydrotested per MSS SP-66
except that the test pressure was maintained for at least 30 min. The seat leakage test was
conducted in accordance with the manner prescribed in MSS SP-61 except that the
acceptable leakage was 2 cm3/hr/in., nominal pipe diameter.
The valve is designed with a low-pressure drop configuration with all operating parts
contained in the working parts within the body, which eliminates those problems associated
with packing glands exposed to boric acid. The clapper arm shaft was manufactured from 174 PH stainless steel heat treated to Westinghouse specifications. The clapper arm shaft
bushings were manufactured from Stellite No. 6 material. The various working parts were
selected for their corrosion-resistant, tensile, and bearing properties.
The disk and seat rings were manufactured from a forging. The mating surfaces are hard
faced with Stellite No. 6 to improve the valve seating life. The disk is permitted to rotate,
providing a new seating surface after each valve opening.
6.3.2.2.7.5

Leakage Limitations

Small, normally open valves have backseats which were designed to be capable of limiting
leakage to less than 1 cm3/hr/in. of stem diameter, assuming no credit for packing in the
valve. Normally closed globe valves are installed with recirculation flow under the seat to
prevent stem leakage from the more radioactive fluid side of the seat.
The specified leakage across the valve disk required to meet the equipment specification and
hydrotest requirements is as follows:
1. Conventional globe - 3 cm3/hr/in. of nominal pipe size.
2. Gate valves - 3 cm3/hr/in. of nominal pipe size; 10 cm3/hr/in. for 300-lb and 150-lb USA
Standard.
3. Motor-operated gate valves - 3 cm3/hr/in. of nominal pipe size; 10 cm3/hr/in. for 300-lb and
500-lb USA Standard.
4. Check valves - 3 cm3/hr/in. of nominal pipe size; 10 cm3/hr/in. for 300-lb and 150-lb USA
Standard.
5. Accumulator check valves - 2 cm3/hr/in. of nominal pipe size.
Leakage originally assumed from components of the recirculation loop, including valves, is
tabulated in Table 6.3-6. Types of component leakage control were modified from the
original design; however, when combined the leakage is within the value assumed in the
current analysis (see Section 15.6.4.2.5). Leakage from recirculation systems outside
containment is checked by procedure.
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6.3.2.2.8
6.3.2.2.8.1

Piping
General

All safety injection system piping in contact with borated water is austenitic stainless steel.
Piping joints are welded except for the flanged connections at the safety injection pumps and
flow orifices. See Section 5.4.5.2.2.4 for information about the residual heat removal system
and Section 6.2.2.2.2.3 for the containment spray system.
The piping beyond the accumulator stop valves is designed for reactor coolant system
conditions (2485 psig, 650F). All other piping connected to the accumulator tanks is designed
for 900 psig and 650F.
The safety injection pump suction piping is designed for low-pressure losses to meet net
positive suction head requirements of the pumps. The piping from the refueling water storage
tank (RWST) to valves 825A and 825B is designed for 210 psig at 300F. The piping from
these valves to the suction of the safety injection pumps is designed for 495 psig at 300F.
The safety injection high-pressure branch lines (1500 psig at 300F) are designed for highpressure losses to limit the flow rate out of the branch line which may have ruptured at the
connection to the reactor coolant loop. Globe valves are provided in the safety injection lines
to provide a balanced safety injection flow split. The system design incorporates the ability to
isolate the safety injection pumps on separate headers so that full flow from at least one pump
is ensured should a branch line break.
6.3.2.2.8.2

Design Criteria

The piping was designed to meet the minimum requirements set forth in (1) USAS B31.1
Code for the Pressure Piping, (2) Nuclear Code Case N-7, (3) USAS Standards B36.10 and
B36.19, (4) ASTM Standards, and (5) supplementary standards plus additional quality control
measures.
Minimum wall thicknesses were determined by the USAS Code formula found in the power
piping Section 1 of the USAS Code for Pressure Piping. This minimum thickness is
increased to account for (1) the manufacturer’s permissible tolerance of minus 12.5% on the
nominal wall and (2) a 10% allowance for wall thinning on the external radius during any
pipe bending operations in the shop fabrication of the subassemblies. Purchased pipe and
fittings have a specified nominal wall thickness that is no less than the sum of that required
for pressure containment, mechanical strength, manufacturing tolerance, and an allowance
for wall thinning associated with shop bending.
6.3.2.2.8.3

Design Review

An engineering review of Ginna Station nuclear valves was conducted during the 1974-1975
time period. The review was the first phase of a program to demonstrate acceptable wall
thickness on certain valves important to nuclear safety. The measurement program, based on
the design and manufacturing requirements of ANSI B16.5 or MSS SP-66, found that the
valves either met the requirements or, in the case of one valve, were repaired to meet the
requirements. This review is discussed in Section 5.4.9.2.
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Thermal and seismic piping flexibility analyses were performed. Special attention was
directed to the piping configuration at the pumps with the objective of minimizing pipe
imposed loads at the suction and discharge nozzles.
6.3.2.2.8.4

Materials

Pipe and fitting materials were procured in conformance with all requirements of the ASTM
and USAS specifications. All materials were verified in conformance to specifications and
documented by certification of compliance to ASTM material requirements. Specifications
imposed additional quality control upon the suppliers of pipes and fittings as listed below.
1. Check analyses were performed on both the purchased pipe and fittings.
2. Pipe branch lines between the reactor coolant pipes and the isolation stop valves conform to
ASTM A376 and meet the supplementary requirement S6 ultrasonic testing.
3. Fittings conform to the requirements of ASTM A403. The performance of tension tests as
defined by supplementary requirement S4 is required.
6.3.2.2.8.5

Welding and Fabrication

Welds for pipes sized 2-1/2 in. and larger were of the full penetration type. Reducing tees
were used where the branch size exceeded one-half of the header size. Branch connections of
sizes that were equal to or less than one-half of the header size were of a design that
conformed to the USAS rules for reinforcement set forth in the USAS B31.1 Code for
Pressure Piping. Bosses for branch connections are attached to the header by means of full
penetration welds.
All welding was performed in accordance with the ASME Code, Section IX, Welding
Qualifications. The shop fabricator was required to submit all welding procedures and evidence
of qualifications for review and approval prior to release for fabrication. All welding materials
used by the shop fabricator had prior approval.
Butt welds of all high-pressure piping containing radioactive fluid at greater than 600F
temperature and 600 psig pressure or equivalent were radiographed. The remaining piping
butt welds were randomly radiographed. The technique and acceptance standards were
outlined in UW-S1 of the ASME Code, Section VIII. In addition, butt welds were liquid
penetrant examined in accordance with the procedure of ASME Code, Section VIII,
Appendix VIII, and the acceptance standard as defined in the USAS Nuclear Code Case N10. Finished branch welds were liquid penetrant examined on the outside and, where size
permitted, on the inside root surfaces.
A postbending solution anneal heat treatment was performed on hot-formed stainless steel
pipe bends. Completed bends were then completely cleaned of oxidation from all affected
surfaces. The shop fabricator was required to submit the bending, heat treatment, and cleanup
procedures for review and approval prior to release for fabrication.
General cleaning of completed piping subassemblies (inside and outside surfaces) was governed
by basic ground rules set forth in the specifications. For example, these specifications
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prohibit the use of hydrochloric acid and limit the chloride content of service water and
demineralized water.
6.3.2.2.8.6

Packaging

Packaging of the piping subassemblies for shipment was done so as to preclude damage
during transit and storage. Openings were closed and sealed with tight fitting covers to
prevent entry of moisture and foreign material. Flange facings and weld end preparations
were protected from damage by means of wooden cover plates securely fastened in position.
The packing arrangement proposed by the shop fabricator was subject to approval.
6.3.2.2.9

Motors

Motor electrical insulation systems were supplied in accordance with USAS, IEEE, and
NEMA standards and were tested as required by such standards.
Temperature rise design selection was such that normal long life is achieved even under
accident loading conditions. The RG&E environmental qualification review has determined
that the motors are capable of performing their safety function in their postaccident
environment.
Criteria for motors of the safety injection and residual heat removal systems require that
under any anticipated mode of operation, the motor nameplate rating is not exceeded. The
motors have a 1.15 service factor for normal operation.
6.3.2.3
6.3.2.3.1

System Operation
Separation

The residual heat removal pumps deliver through two nozzles that penetrate the core barrel
above the level of the top of the core. The three high-head safety injection pumps deliver into
two separate headers, with one header injecting into each cold leg of the reactor coolant
system; therefore, the ability is provided to isolate the pumps on separate headers and thereby
ensure the delivery of the full flow from at least one pump for the special case of a broken
injection line.
6.3.2.3.2

System Actuation

A safety injection signal is actuated by low pressurizer pressure on two-of-three detectors,
two-of-the-three low steam line pressures, two-of-the-three high containment pressures, or
manually. The safety injection signal will open the safety injection system isolation valves
and start the high-head safety injection pumps and low-head (residual heat removal) safety
injection pumps.
The actuation sequence of the safety injection pumps (1A, 1B, 1C) and the residual heat
removal pumps is described in Section 8.3.1.2.4. As described in Section 8.3.1.2.4, the
sequencing circuit logic ensures that automatic loading of the safety injection pumps onto
their specific power supplies is predicted with certainty. Also, the discharge valves 871A and
B are interlocked with safety injection pumps 1A and 1B. If pump 1A fails (no power), valve
871B closes and the discharge from pump 1C is directed to loop B cold leg. If pump 1B fails,
valve 871A closes and the discharge from pump 1C is directed to loop A cold leg. Thus,
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high-pressure safety injection flow is always directed to the cold legs of both loops if one of
the three pumps should fail. See Drawing 33013-1262, Sheets 1 and 2.
6.3.2.3.3

Injection Phase

During MODES 1 and 2 the refueling water storage tank (RWST) is aligned to the suction of
the high-head safety injection pumps and residual heat removal pumps. The refueling water
storage tank (RWST) outlet line leading to the safety injection pumps contains two series
motor-operated valves (896A and B) that are aligned in the open position with direct current
control power removed by key switch in accordance with the Technical Specifications.
Downstream of these valves the line forms two separate flow paths, each containing a motoroperated valve (825A and 825B), that is open with ac power removed in accordance with the
Technical Specifications. These four valves, therefore, have no automatic action. These two
flow paths are headered together and lead to the suctions of the three safety injection pumps.
The refueling water storage tank (RWST) outlet line leading to the residual heat removal
pumps contains a motor-operated valve (856) and check valve. The motor-operated valve is
open with direct current control power removed by key switch in accordance with the
Technical Specifications. See Drawing 33013-1247.
The refueling water storage tank (RWST) is equipped with two redundant level indication
systems. Each system consists of a level transmitter connected to the refueling water storage
tank (RWST) that signals a percent scale level indicator on the main control board and
actuates two annunciator alarm windows (low-low and high-low) on the main control board
by way of two bistables, each corresponding to an alarm window.
Remote operated valves of the safety injection system which are under manual control (i.e.,
valves which normally are in their ready position and do not receive a safety injection signal)
have their positions indicated on a common portion of the control board. If, during operation,
one of these valves is not in the ready position for injection, it is shown visually on the board.
Refer to Table 8.3-1 for the engineered safety features automatic actuation sequence and
times after the initiation signal for the cases when the normal power source is available and
when only the diesel power source is available.
Because the injection phase of the accident is terminated before the refueling water storage
tank (RWST) is emptied, all pipes are kept filled with water before recirculation is initiated.
The level indicator and alarms on the refueling water storage tank (RWST) give the operator
ample warning to control pump operations and to terminate the injection phase. Level
indication (LI-942 and LI-943) is provided for containment sump B which also gives an
indication of when recirculation can be initiated.
6.3.2.3.4

Recirculation Phase

After the injection phase, coolant spilled from the break and water injected by the safety
injection system and the containment spray is cooled and recirculated to the reactor coolant
system by the low-pressure safety injection (residual heat removal) system or, if needed, by
the high-pressure safety injection system.
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If reactor coolant system depressurization to below the shutoff head of the residual heat
removal pumps occurs before the injection mode of the safety injection system is terminated,
the residual heat removal pumps will be used in the recirculation mode. The residual heat
removal pumps will take suction from the containment sump, circulate the spilled coolant
through the residual heat removal heat exchangers, and return the coolant to the reactor via
the reactor vessel nozzles. If depressurization of the reactor coolant system proceeds slowly,
the high-pressure safety injection pumps are aligned to take suction from the residual heat
removal pumps, and inject flow into the reactor coolant system cold legs. In the long term,
boron precipitation must be avoided. This is discussed in Section 6.3.3.4.
The recirculation sump lines comprise two independent lines which penetrate the
containment. Each line has a remote motor-operated valve located inside and outside the
containment. Each line is run independently to the suction of a residual heat removal pump.
The system permits long-term recirculation in the event of a single credible passive or active
component failure.
In the event of a small break loss-of-coolant accident (4 in. and smaller), supplemental
cooling is provided by use of steam dump. Steam dump will be directed to the condenser
when outside power is available or directly to the atmosphere when outside power is not
available. As discussed in Section 15.6.4, the expected clad temperatures for break sizes 4
in. and smaller are limited to a value below which clad bursting is expected.
Alternative flow paths are provided from the discharge of the residual heat exchangers for
both low and high-head recirculation. This is described in Section 6.3.2.1.
The sequence for the changeover from injection to recirculation from the time of the safety
injection signal is discussed in Section 6.3.3.3. If recirculation is required to the containment
spray or high-head safety injection system, flow instrumentation is provided in the line
directing flow from the residual heat removal pumps to the containment spray and safety
injection pumps via valves 857A, B, and C. Also, safety injection flow indication is
available. The quantity of recirculated fluid being injected into the containment via the spray
header can thus be determined. Valves 857A, B, and C are normally closed during safeguards
alignment to eliminate the potential for common-mode failure.
A detailed listing of the instrumentation readouts on the control board, which the operator can
monitor during recirculation, is given in Table 6.3-7. The safety injection valve operation,
interlocks, and associated design features are given in Table 6.3-8.
6.3.2.3.5

Steam Line Break Protection

A large break of a steam system pipe rapidly cools the reactor coolant causing insertion of
reactivity into the core. Compensation is provided by injection of boric acid from the
refueling water storage tank (RWST). Redundant valves are open with ac power removed (in
accordance with the Technical Specifications), providing an injection of boric acid at a
concentration between 2750 and 3050ppm boron. This is sufficient to terminate the reactor
power transient before any clad damage results. When above MODE 5 (Cold Shutdown), the
Technical Specifications require the refueling water storage tank (RWST) contain not less
than 300,000 gal of water with a boron concentration not less than 2750 ppm and no more
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than 3050 ppm. In addition, at or above a reactor coolant system temperature of 350F, ac
power shall be removed from the safety injection suction valves (MOV 825A and B) with the
valves in the open position and from the boric acid storage tank outlet valves (MOV 826A, B,
C, and D) with the valves in the closed position.
6.3.2.3.6

Safety Injection System Leakage Outside Containment

Since radioactive fluid can be circulated outside containment during the recirculation phase,
provisions are made such that the collection of discharges from pressure relieving devices is
routed into closed systems. Also, means exist to detect and control radioactivity leakage into
the environs.
Area radiation monitors provide an indication of leakage in the auxiliary building. The
discharges from the auxiliary building are monitored and the ventilation path via the plant
vent includes charcoal and high efficiency particulate air filters.
Leakage detection exterior to containment is also possible through use of sump level
detection. The auxiliary building sump pumps start automatically in the event that liquid
accumulates in the sump and the alarm in the control room indicates that water has
accumulated in the sump. This leakage is routed to the waste holdup tank. (See Section
5.4.5.3.5.)
Design-basis leakage is considered in the loss-of-coolant accident analysis (Section
15.6.4.2.5). Even with the maximum credible leakage of the residual heat removal pump
seals, offsite doses are maintained below the guideline exposure limits of 10 CFR 100.
6.3.3

DESIGN EVALUATION

6.3.3.1

Range of Core Protection

6.3.3.1.1

Safety Injection Requirements Versus Break Size

The measure of effectiveness of the safety injection system is the ability of the pumps and
accumulators to keep the core flooded or to reflood the core rapidly when the core has been
uncovered for postulated large area ruptures. The result of this performance is to sufficiently
limit any increase in clad temperature below a value where emergency core cooling objectives
are met (Section 6.3.1). The range of core protection as a function of break diameter
provided by the various components of the safety injection system is presented in Figure 6.34. The injection from the following combinations of components meets the core cooling
objectives.
•

Bar A

Two safety injection pumps.

•

Bar B

Two safety injection pumps and one residual heat removal pump.

•

Bar C

One residual heat removal pump and one accumulator.

•

Bar D
Two safety injection pumps, one residual heat removal pump, and one
accumulator. aNo credit is taken for the accumulator which is attached to the ruptured
loop.
a.

a

No credit is taken for the accumulator which is attached to the ruptured loop.
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With minimum onsite emergency power available (one-out-of-two diesel generators), the
emergency core cooling equipment available is represented by Bar D (two-out-of-three safety
injection pumps, one-out-of-two residual heat removal pumps, and one-out-of-two
accumulators). With these systems, all required Emergency Core Cooling System (ECCS)
requirements per 10 CFR 50.46 are met for all break sizes up to and including the doubleended severance of the reactor coolant pipe.
The remaining three combinations (Bars A, B, and C) represent degraded cases with operation
of less than the minimum design emergency core cooling equipment. The operation of two
safety injection pumps (Bar A) provides core protection for break sizes up to an equivalent
break diameter of 3 to 4 in. The operation of two safety injection pumps would allow flow
spilling from a broken safety injection line to go uncorrected by operator action. Isolation of
the broken line by operator action would increase the range of protection.
The operation of one residual heat removal pump with two safety injection pumps increases
the range of core protection to a 10-in. equivalent break diameter (pressurizer surge line
break) (Bar B).
The operation of one residual heat removal pump and the accumulators has been specifically
analyzed for a range of equivalent break areas between the 10-in. pressurizer surge line break
and the double-ended severance of the reactor coolant pipe (Bar C). This analysis shows that
the required core protection is provided by these systems for this range. The trend of the
results moreover indicates that the range of core protection for this combination actually
extends down to an equivalent break diameter of approximately 6 in.
Figure 6.3-4 was developed from the results of the loss-of-coolant accident studies presented
in Section 15.6.4. Simulations of a sufficient number of break sizes were performed to
demonstrate that the safety injection components meet the emergency core cooling
requirements for the loss-of-coolant accident.
A loss-of-coolant accident is defined as a rupture of the reactor coolant system piping or of
any line connected to the system up to the first closed valve which would cause loss of
coolant at a rate exceeding the flow capability of the charging pumps.
6.3.3.1.2

Makeup System Capacity

The maximum break size for which the normal makeup system can maintain the pressurizer
level is obtained by comparing the calculated flow from the reactor coolant system through
the postulated break against the charging pump makeup flow at normal reactor coolant system
pressure, i.e., 2250 psia. A makeup flow rate from three charging pumps is typically adequate
to sustain pressurizer pressure at 2250 psia for a break through a 3/8-in. diameter hole.
6.3.3.1.3

System Evaluation

For the purpose of the evaluation the spectrum of postulated piping breaks in the reactor
coolant system is divided into large breaks, defined as a rupture with a total cross sectional
area equal to or greater than 1.0 ft2, and small breaks, defined as a rupture with total cross
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sectional area less than 1.0 ft2 but larger than the 3/8-in. diameter hole. Refer to Section
15.6.4 for a detailed description of the accident including acceptance criteria and analytical
results.
For small breaks, the analyses presented in Section 15.6.4 show that the high-head and lowhead portions of the Emergency Core Cooling System (ECCS), together with the
accumulators, provide sufficient core flooding to keep the calculated peak clad temperatures
below the required limits of 10 CFR 50.46.
For breaks up to and including the double-ended severance of a reactor coolant pipe, the
analyses presented in Section 15.6.4 show that the Emergency Core Cooling System (ECCS)
meets the acceptance criteria as presented in 10 CFR 50.46. That is as follows:
A. The calculated maximum fuel element cladding temperature shall not exceed 2200F.
B. The calculated total oxidation of the cladding shall nowhere exceed 17% of the total
cladding thickness before oxidation.
C. The calculated total amount of hydrogen generated from the chemical reaction of the
cladding with water or steam shall not exceed 1% of the hypothetical amount that would
be generated if all of the metal in the cladding material surrounding the fuel were to react.
D. Calculated changes in core geometry shall be such that the core remains amenable to
cooling.
E. After any calculated successful initial operation of the ECCS, the calculated core
temperature shall be maintained at an acceptably low value and decay heat shall be removed
for the extended period of time required by the long-lived radioactivity remaining in the core.
During the injection of emergency cooling water into the reactor coolant system following a
loss-of-coolant accident, the concentration of boron will vary depending on the
depressurization history of the reactor. If depressurization were slow, the high-head pumps
would inject 2750 ppm boric acid which would be diluted by the coolant remaining in the
system. Rapid depressurization would bring about early injection of water containing 2550
ppm boric acid from the accumulators. When recirculation begins, the concentration ranges
from approximately 2000 ppm to 3000 ppm depending upon the combination of assumptions
used (i.e., maximum vs. minimum concentrations and maximum vs. minimum volumes). If
chemical additive has been used in the containment spray, the recirculated water will also
contain sufficient sodium hydroxide to result in a composition having a pH in excess of 7.0.
6.3.3.2

System Response

The starting sequence of the safety injection pumps (SI) , residual heat removal pumps (RHR)
, and the related emergency power equipment is designed so that delivery of the full-rated
flow is reached at 32 seconds for SI and 30 seconds for RHR . The safeguards bus loading
and sequencing is given in Table 8.3-1.
6.3.3.3

Safety Injection System Switchover From Injection to Recirculation

The Ginna Station safety injection system design (Drawings 33013-1247, 33013-1261, and
33013-1262) has been reviewed specifically with respect to the post-loss-of-coolant accident
switchover to recirculation. The original design intent allowed both low-head safety injection
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(residual heat removal) pumps, two high-head safety injection pumps, and one containment
spray pump to continue to operate until the refueling water storage tank (RWST) level
decreased to a level near the RWST outlet nozzles. All the operating pumps were then
stopped and the systems realigned for the recirculation mode before restarting the pumps.
Since the original design resulted in a termination of all injection flow while the system
realignment to the recirculation mode was being completed, the reactor coolant would
continue to boil away without makeup. The total boiloff time period was determined by the
sum of the time increments required for the operator to accomplish several discrete actions to
realign the pumps and valves in both the low-head safety injection and if necessary the highhead safety injection parts of the system. It has been shown that sufficient inventory is
available above the core that no loss or unacceptable degradation of core cooling would occur
during the switchover alignment.
An improvement in the switchover procedure would result if all injection flow is not
terminated during the switchover to recirculation by maintaining high-pressure safety
injection flow. Since the reactor coolant makeup will be greater than the boiloff rate from
the reactor coolant system, a net loss of system inventory will not occur during the
switchover of the low-head safety injection pumps.
The Ginna post-loss-of-coolant accident switchover procedure, from the injection mode to the
recirculation mode, was modified and improved to avoid the termination of all injection flow
by transferring the low-head safety injection and high-head safety injection pumps separately.
The emergency procedure for loss-of-coolant accident mitigation was modified to transfer the
low-head safety injection (residual heat removal) pumps suction from the RWST to the
containment sump when the level reached 28%. Two high-head safety injection pumps and
one containment spray pump remain in service until the RWST reaches 15% to provide
emergency core coolant and containment cooling during the transfer. Following restart of the
residual heat removal pumps, and following the RWST level reaching 15%, the remaining
high-head safety injection and containment spray pumps are stopped. The high-head safety
injection pump and containment spray pump suctions are then transferred to the recirculation
mode.
To provide the required net positive suction head for the low-head safety injection pumps after
their suctions are transferred to the containment sump, additional minimum water inventory
was provided to the refueling water storage tank (RWST) (from 230,000 to 300,000 gal).
The refueling water storage tank (RWST) low-level alarm which signals the proper time to
begin the switchover procedure was set at 28%. Assuming pump flow rates in order to
minimize the RWST draindown time, this setpoint allows the operator a minimum of 25
minutes in a large loss-of-coolant accident before the RWST reaches 28%. This is
conservatively low, because it does not account for the throttling that is performed on the
low-head safety injection discharge valve.
A number of procedural actions must take place once the RWST level reaches 28%. These
include stopping one high-head safety injection pump, if three were running, stopping both
low-head safety injection pumps (residual heat removal), and stopping one containment spray
pump, if two were running. The RWST outlet valve to the low-head safety injection pumps
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suction is closed, and the suction valves from containment sump "B" to the low-head safety
injection pumps are opened. The low-head safety injection pumps can then be restarted.
Based upon the maximum flowrates expected, there would be a minimum of 14 minutes and
14 seconds before reaching the RWST low-level alarm of 15%. Under emergency
contingency actions, if this could not be accomplished, adequate net positive suction head
exists to support continued operation of safety injection and containment spray pumps to an
indicated RWST level of 10%.
6.3.3.4

Boron Precipitation During Long-Term Cooling

To prevent boron precipitation, Ginna Station uses simultaneous injection from the residual
heat removal and the high-head safety injection systems. The simultaneous injection takes
place within 5.5 hours after depletion of RWST, following a loss-of-coolant accident and,
requires the primary system to be depressurized to below the shutoff head of the residual heat
removal pump. For the large break loss-of-coolant accident the primary system pressure
would rapidly drop below the residual heat removal discharge pressure. Emergency operating
procedures that provide initial response to LOCA conditions direct operator actions to
depressurize the primary system to within the pressure capability of the heat removal system
(Reference 15).
6.3.3.5

Single Failure Analysis

A single active failure analysis is presented in Table 6.3-9. All credible active system failures
are considered. The analysis of the loss-of-coolant accident presented in Section 15.6.4 is
consistent with the single-failure criteria.
The effects of a single failure on the boric acid injection from the boric acid storage tanks
have been analyzed (Reference 2). The analysis considered the failure of (1) a battery, (2) an
inverter, and (3) an ac bus on the boric acid storage tank level system. The analysis showed
that single-failure criteria was satisfied and boric acid could be injected into the reactor
vessel. However, the system was reconfigured in accordance with the Technical
Specifications by maintaining valves 826A, B, C, and D closed and securing the valves in
position by removing ac power, isolating this flow path, thereby eliminating the need for
single active failure considerations.
When the reactor coolant system is being pressurized during the normal plant heatup
operation, the check valves are tested for leakage as soon as there is about 150 psi
differential across the valve. This test confirms the seating of the disk and whether or not
there has been an increase in the leakage since the last test. When this test is completed, the
discharge line test valves are closed and the reactor coolant system pressure increase
continued. There should be no increase in leakage from this point on since increasing
reactor coolant pressure increases the seating force and decreases the probability of leakage.
As part of the concern regarding separation of high and low-pressure systems, Ginna Station
also performs leak rate testing of valves 878G and 878J (safety injection lines) following
actuation of the valves, flow through the valves, or maintenance on the valves.
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The accumulators can accept leakage back from the reactor coolant system without effect on
their availability. However, Technical Specification limits are provided for high and low levels
in the accumulators.
The accumulators are located inside the reactor containment and protected from the reactor
coolant system piping and components by a missile barrier. Accidental release of the gas
charge in the two accumulators would cause an increase in the containment pressure of
approximately 0.1 psi.
6.3.3.6

Passive Systems

The accumulators are a passive safety feature in that they perform their design function in the
total absence of an actuation signal or power source. The only moving parts in the accumulator
injection train are in the two check valves.
During MODES 1 and 2, the flow rate through the reactor coolant piping is approximately
five times the maximum flow rate from the accumulator during injection; therefore, fluid
impingement on reactor vessel components during injection of the accumulator is not
restricting. The high-pressure safety injection piping from the accumulators was analyzed
for the effect of forces resulting from the fluid velocity. The calculated maximum stress due
to the fluid thrust when combined with other stresses is acceptable. The maximum fluid
thrust occurs at the elbow which is located at the third change in the discharge piping
direction going back from the reactor coolant pipe.
The critical nature of the accumulator piping to the reactor coolant loop and the high flow
rates attainable during operation indicated the need to instrument these lines and their support
during preoperational testing. The objective was to measure the actual strains and deflections
during high flow testing to demonstrate that operational conditions are within allowable
limits. This instrumentation and testing was accomplished concurrent with the full flow
accumulator injection test which was part of the preoperational test program.
A vibration test was performed on the reactor coolant system components with the reactor
coolant system operating at design operating temperature and pressure. Vibration levels were
measured at the reactor coolant pumps, hot-leg piping, cold-leg piping, steam generators, and
control rod drive mechanisms. Measurements were made in both the horizontal and vertical
directions using a probe type vibrometer.
6.3.3.7

Emergency Flow to the Core

Special attention is given to factors that could adversely affect the accumulator and safety
injection flow to the core. These factors are as follows:
1. Steam binding in the core, including flow blockage due to loop sealing.
2. Loss of accumulator water during blowdown.
3. Short circuiting of the accumulator from the core to another part of the reactor coolant
system.
4. Loss of accumulator water through the breaks.
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All of the above are considered in the analysis and are discussed quantitatively in Section
15.6.4.
6.3.3.8

Recirculation Loop Leakage

Table 6.3-6 summarizes the maximum potential leakage from recirculation loop leak sources.
In the analysis, a maximum leakage is assumed from each leak source. For conservatism,
three times the maximum expected leak rate from the pump seals was assumed and a leakage
of 10 drops/min was assumed from each flange. The total maximum potential leakage
resulting from all sources is 2405 cm3/hr to the auxiliary building atmosphere and 31 cm3/hr
to the drain tank.
The environmental consequences of the maximum potential leakage is evaluated in Section
15.6.4.2.5.
During recirculation, significant margin exists between the design and operating conditions of
the residual heat removal system components. In addition, during normal plant cooldown,
operation of the residual heat removal system is initiated when the primary system pressure
and temperature have been reduced to 350 psig and 350F. Since the maximum operating
conditions during recirculation are 150 psig and 250F, significant margin also exists between
normal operating and accident conditions. In view of these margins, it is considered that the
leakage rates tabulated in Table 6.3-6 are conservative.
During normal reactor cooldown, the tube-side of a residual heat removal heat exchanger is
subjected to a reactor coolant system pressure of 325 psig plus the residual heat removal
pump discharge pressure, and a temperature of 350F. During the recirculation phase of a
loss-of-coolant accident, these operating conditions are greatly reduced since they are
restricted by the conditions existing within the containment; thus, the probability for a leak to
develop in the tube side of a residual heat exchanger during recirculation is considered small.
In the unlikely event that a leak occurred, the radiation monitor located in the component
cooling system common discharge header from both heat exchangers would alarm if there
was any carryover of activity from the recirculated sump water. The same signal would close
the vent on the component cooling surge tank, thus confining any activity within the
component cooling system. In the event that the leak was not isolated in time, a relief valve
at the component cooling water surge tank, which discharges to the waste holdup tank,
would be actuated.
By isolating each residual heat exchanger in turn, the faulty heat exchanger could be
identified. Recirculation core cooling would then continue using the other heat exchanger.
6.3.3.9

Safety Injection Pump Net Positive Suction Head Requirements

Residual Heat Removal Pumps
The net positive suction head of the residual heat removal pumps is evaluated for normal
plant shutdown operation and both the injection and recirculation phase operation of the
design-basis loss-of-coolant accident. Recirculation operation gives the limiting net positive
suction head requirements and the net positive suction head available is determined from the

Page 216 of 285

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 6 ENGINEERED SAFETY FEATURES

containment water level, the temperature and pressure of the sump water, and the pressure
drop in the suction piping from the sump to the pumps. Adequate margin between required
and available net positive suction head exists under all required operating conditions.
Operation of one residual heat removal pump could support operation of either one or two
safety injection pumps in the sump recirculation phase, provided reactor coolant system
pressure exceeds containment pressure by 105 psi. However, two safety injection pumps are
required to be in operation above this pressure due to safety injection pump runout concerns.
Emergency operating procedures require that containment spray be terminated at the end of
the injection phase of a loss-of-coolant accident. One containment spray pump may be
restarted in the recirculation phase only for containment pressure control for beyond designbasis events if containment pressure is above 43 psig. The containment spray pump would
be started and stopped based on criteria that have been established which will ensure that
RHR pump runout is not exceeded, RHR pump NPSH margin is adequate, and adequate core
cooling is provided. Operation of a high-head safety injection pump in combination with a
containment spray pump can be supported by one RHR pump provided established criteria
have been met, as covered in the emergency operation procedure for sump recirculation. The
limiting set of net positive suction head conditions was determined to exist when both train A
and train B core deluge flow paths to the reactor vessel were open and a failure to open one of
the motor-operated valves from containment sump B to the suction of the residual heat
removal pump occurred just prior to the transfer to the sump recirculation phase. A top
mounted hand-wheel was added to the actuators for AOV-624 and AOV-625 to permit local
manual throttling of system flow and to act as a travel stop to provide the capability to limit
the open position of these valves. The functionality of the hand-wheel operation was tested
during the 1999 and 2000 refueling outages. Net positive suction head margin in the sump
recirculation phase is improved by placing the valves in a permanently throttled position,
(Reference 13), thus avoiding the need for operator action post-LOCA, and alleviating
operator dose concerns.
Generic Letter 97-04 (Reference 6) was issued to request information to confirm the adequacy
of the net positive suction head (NPSH) available for emergency core cooling and
containment heat removal pumps. The Generic Letter specifically requested information for
pumps that took a suction from the containment sump following a design-basis LOCA or
secondary line break. RG&E responded to the Generic Letter (Reference 7) indicating that
the only pumps that take a suction from the containment sump are the residual heat removal
(RHR) pumps. The RG&E analysis (Reference 3) indicated that the post-accident
recirculation phase represented the limiting set of results and that in all cases analyzed, the
available NPSH is greater than the required NPSH. After review of RG&E’s response, the
NRC requested and received additional information (References 8 and 9). Upon review of the
additional information, the NRC concluded that the requested information had been provided
and closed Generic Letter 97-04 for Ginna (Reference 10). Subsequently, the design analysis
Reference 3, has been replaced by the analysis, Reference 13, with the same conclusion that
NPSH margin is adequate.
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Safety Injection Pumps
The net positive suction head for the safety injection pumps is evaluated for both the injection
and recirculation phase operations of the design-basis accident. The end of injection phase
operation gives the limiting net positive suction head requirement, and the net positive suction
head available is determined from the elevation head and vapor pressure of the water in the
refueling water storage tank (RWST) and the pressure drop in the suction piping from the
tank to the pumps. Adequate margin between required and available net positive suction head
exists under all postulated operating conditions.
6.3.3.10

Seismic Analysis

The methodology originally used for the seismic analysis of the safety injection piping and
other safety-related mechanical components (heat exchanger pumps, tanks, and valves) is
discussed in Section 3.9.2. As a result of the SEP preliminary seismic review of Ginna
Station, IE Bulletin 79-14, and other NRC seismic requirements, RG&E initiated a seismic
upgrade program after the completion of piping support modifications required by IE Bulletin
79-14. The analysis procedures and criteria used for the piping analysis in the seismic
upgrade program conform to current criteria and are discussed in Sections 3.7.3.7.5 and
3.9.2.1.8. The seismic qualification reanalysis for safety-related mechanical equipment under
the SEP is discussed in Section 3.9.2.2.4.
6.3.3.11

MODE 4 (Hot Standby) LOCA Evaluation

There are no applicable safety analyses which apply to the emergency core cooling system
(ECCS) when in MODE 4 (Hot Standby) due to the stable conditions associated with
operation in MODE 4 and the reduced probability of occurrence of a design-basis accident.
The MODE 4 loss-of-coolant accident (LOCA) evaluation is bounded by the performance of
the ECCS while in MODES 1-3, and Technical Specifications require only a single train of
ECCS while in MODE 4. Due to the time available for operators to respond to an accident,
single failures are not required to be postulated. An industry concern was promulgated by
Westinghouse in Reference 5. This was associated with the potential for water hammer in the
residual heat removal (RHR) system during plant cooldown operations caused by the
transfer of the suction water source to the refueling water storage tank (RWST), after the
RHR system had already been lined up and in operation with its suction source provided by
the reactor coolant system (RCS). Due to the temperature of the RCS during cooldown
(between 200F and 350F), it was postulated that, in the event of a LOCA, a transfer of the
suction source to the cooler RWST could cause the water to flash to steam resulting in vapor
binding, water hammer, and mechanical pump damage to the residual heat removal piping
and pumps.
This condition was evaluated and appropriate changes to operating and emergency
procedures were implemented to prevent the risk of a water hammer event. The temperature
associated with saturated conditions that would exist at the residual heat removal pump
suction is 282.7F. Emergency procedures dictate that, if the residual heat removal water
temperature is initially above 280F, the transfer of the residual heat removal pump suction to
the RWST and pump startup is delayed. Safety injection flow would be provided by a highhead safety injection (SI) pump through both the hot and cold leg injection paths, during
which time the residual heat removal piping is allowed to cool. Design analysis indicated
that flow from a
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single high-head SI pump can provide sufficient decay heat removal capability. Analysis also
indicated that, when the residual heat removal water temperature has cooled to 250.9F,
transfer of the suction source to the RWST and pump start can be initiated. If the residual
heat removal pump start was delayed until the RWST water inventory was depleted to the
level for sump switchover (28%), calculations showed that sufficient time would have
elapsed such that the residual heat removal piping would have cooled to a temperature below
the saturation temperature at the pump suction (233F) to permit suction transfer to sump B
without the risk of adverse consequences associated with water hammer. The analysis was
performed assuming one or two high-head safety injection pumps in operation. Each case
produced acceptable results.
6.3.3.12

Alternate RCS Injection (BDB)

This system is part of a comprehensive strategy being credited in response to both NEI 12-06
and NFPA-805 for events, where existing plant systems are disabled due to fire, tornado,
earthquake or flood. The Alternate RCS Injection System (BDB), supports the ability to inject
borated water into the reactor at pressure, and to preserve inventory and reactivity control. This
system provides an alternate means for compensating for reactor coolant pump (RCP) seal
leakage, normally provided by the Chemical and Volume Control (CVCS) System. Unlike the
Chemical and Volume Control (CVCS) System or the Safety Injection System (SI), the
Alternate RCS Injection System will be provided with power sources (DDSAFW and NFPA-805
diesel generators) totally independent from existing plant power sources.
The overall operating strategy of the Alternate RCS Injection System is to draw on an existing
source of borated water (RWST) that will be available following external events (tornado,
earthquake or flood) and pump the borated water, using a high pressure positive displacement
pump, into the cold leg of the reactor, via the Safety Injection lines. The Alternate RCS
Injection pump suction piping is tied into the RWST recirculation pump suction line that takes
suction off the bottom of the tank (el. 237’ 8”). The 3” Alternate RCS Injection pump suction
piping is run through the Auxiliary Building to buried lines between the Auxiliary Building and
the SAFW Building Annex, to the Alternate RCS Injection pump in the SAFW Building. The
Alternate RCS Injection pump is mounted on the pad of the former SAFW test tank. The
positive displacement pump is capable of providing a flow of 78 gpm at 1585 psig, through a 2”
pump discharge line that parallels the suction line into the Auxiliary Building basement, west of
the RWST, and into the Safety Injection “A” and “B” header. The entire system is manually
operated and controlled, making it impervious to Auxiliary Building fires or floods. A booster
pump can be manually aligned to the Alternate RCS Injection pump suction, in the Auxiliary
Building basement, in order to utilize the RWST volume below elevation 271’.
Since the Alternate RCS Injection System interfaces with the Safety Injection pump discharge
headers, safety related isolation valves are installed to provide a boundary. Each Alternate RCS
Injection branch line feeding into the SI “A” and “B” headers are equipped with a safety related
normally closed ball valve. The common line feeding the two branch lines also have a safety
related normally closed ball valve to provide double isolation for each header. These valves are
classified as Containment Isolation Valves (CIVs). Additionally, a check valve in the common
line is installed to ensure that contaminated water does not migrate through the Auxiliary Bldg.
to the SAFW Bldg. or Annex, which are not Radiological Controlled Areas (RCA).
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Since the Alternate RCS Injection pump is a positive displacement pump, the flow from the
pump is constant. A regulating valve on the pump skid ensures downstream pressure does not
exceed the valve setting. Downstream pressure above the setting will cause a portion of the flow
to be bypassed back to the pump suction. The regulating valve setting of 1575 psig ensures that
the required flow of 75 gpm can be fed into the reactor pressurized to 1500 psig. Additionally, a
relief valve on the pump skid is set at 1775 to 1875 psig to ensure that the pressure remains well
below the pressure/temperature rating of the downstream piping.
The Alternate RCS Injection System design provides a means for testing the Alternate RCS
Injection pump, without injecting into the reactor. Branch test lines off the Alternate RCS
Injection pump suction and discharge piping allow for taking suction off the DI Water Storage
Tank and recirculating it back to the tank to prove its capability to deliver 75 gpm flow at 1540
psig. A pressure breakdown orifice in the test discharge line has been designed to simulate
design conditions for testing. Alternate RCS Injection pump pressure and flow instrumentation
provide an indication of the pump’s capability to meet design pressure and flow.
6.3.4

MINIMUM OPERATING CONDITIONS

The Technical Specifications establish detailed limiting conditions governing the operation
and maintenance of the Emergency Core Cooling System (ECCS) components during plant
operation.
6.3.5
6.3.5.1

TESTS AND INSPECTIONS
Inspection

All active and passive components of the safety injection system are inspected periodically to
demonstrate system readiness.
The pressure containing systems are inspected for leaks from pump seals, valve packing,
flanged joints, and safety valves during system testing.
In addition, to the extent that is practical, the critical parts of the reactor vessel internals,
injection nozzles, pipes, valves, and safety injection pumps are inspected visually, by
boroscopic examination or by ultrasonic testing for erosion, corrosion, and vibration wear
evidence, and for nondestructive test inspection where such techniques are desirable and
appropriate.
6.3.5.2

System Testing

Testing is conducted in accordance with Technical Specifications to demonstrate proper
automatic operation of the safety injection system. A test signal is applied to initiate automatic
action. The tests demonstrate the operation of the pumps, valves, pump circuit breakers, and
automatic circuitry.
The accumulator pressure and level are continuously monitored during plant operation. Flow
from the tanks through the outlet check valves is checked during periodic testing using test
lines. The accumulators and the injection piping up to the final isolation valve are maintained
with the proper amount of borated water while the plant is in operation.
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Flow in each of the high-head safety injection headers and in the main flow line for the
residual heat removal pumps is monitored by flow indicators. Pressure instrumentation is
also provided for the main flow paths of the safety injection and residual heat removal pumps.
Accumulator isolation valves are blocked closed for this test. The sequence for recirculation
operation is capable of being tested following the above injection phase to demonstrate proper
sequencing of valves and pumps. This testing is not performed, since pump and valve testing is
performed under the Inservice Test Program.
Testing of the safety injection system is performed prior to startup from each refueling
outage, with the reactor coolant system pressure less than or equal to 350 psig and
temperature less than or equal to 350F. A test signal is applied to initiate operation of the
system. The safety injection and residual heat removal pump motors undergoing the test are
prevented from starting during this test. The system is considered satisfactory if control
board indication and visual observations indicate that all valves have received the safety
injection signal and have completed their travel.
The safety injection pumps and residual heat removal pumps are tested in accordance with the
Inservice Pump and Valve Testing Program. Safety injection pumps “B” or “C” may also be
utilized as needed for accumulator filling operations. The acceptable limits of performance
applied to the residual heat removal pumps are specified in Reference 28. The flow rate
required for delivery to the RCS from the residual heat removal pumps post-accident over the
full range of RCS pressures was reduced by 12% as compared to the required delivery prior
the Ginna extended power uprate (EPU). The acceptable limit of performance applied to the
safety injection pumps is 300 gpm. The flow rate required for delivery to the RCS from a
safety injection pump post-accident at RCS pressures less than 500 psig is limited to 300
gpm as compare to the previously assumed delivery capability prior to the Ginna EPU. Thus,
the 5% degradation limit in the IST Program provides additional margin as compared to the
margin that existed prior to EPU, particularly for RCS pressures less than 500 psig. The
ECCS delivery values assumed in the accident analysis from high head safety injection and
residual heat removal pumps is shown on Table 15.6-17. The
300 gpm flow is achieved through the test line. The accumulator check valves are checked
for operability in accordance with the Inservice Pump and Valve Testing Program.
During periodic testing of the safety injection pumps, the test line is opened to provide 300
gpm. Additionally, approximately 100 gpm is delivered through the pump recirculation line
to minimize the potential for long term accelerated wear of pump internals (Reference 4).
The test line is common to the redundant safety injection trains.
6.3.5.3

Components Testing

Preoperational performance tests of the components were performed in the manufacturer’s
shop. An initial system flow test demonstrated proper functioning of the system. Periodic
tests conducted in accordance with the inservice pump and valve testing program demonstrate
that components are functioning properly.
Each active component of the safety injection system may be individually actuated on the
normal power source at any time during plant operation to demonstrate operability. The test
of the safety injection pumps employs the full flow test line which connects back to the
refueling water storage tank (RWST). Remote operated valves are exercised and actuation
circuits tested. The automatic actuation circuitry, valves, and pump breakers also are checked
during integrated system tests performed during each MODE 6 (Refueling) outage.
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Flow through the accumulator discharge line is tested by opening the remote test valves in the
test line connected just downstream of the stop valves. Flow through the test line is measured
and the opening and closing of the discharge line stop valves is verified by the flow
instrumentation. Test circuits are provided to periodically examine the leakage back through
the check valves and to ascertain that these valves seat whenever the reactor system pressure
is raised. This test is routinely performed when the reactor is being returned to power after an
outage and the reactor pressure is raised above the accumulator pressure. If leakage through a
check valve should become excessive, the isolation valve would be closed and an orderly
shutdown initiated to repair the check valve.
The accumulator isolation valves are open with power removed during reactor operation.
These valves are closed at any time that the reactor coolant system is depressurized.
The recirculation piping was initially hydrostatically tested at 150% of design pressure of
each portion of the loop. The entire loop is also pressurized during periodic testing of the
engineered safety features components. The recirculation piping is also leak tested at the time
of the periodic retests of the containment.
Since the recirculation flow path is operated at a pressure in excess of the containment
pressure, it is pressure tested for leakage during periodic retests at the operating pressures.
This is accomplished by running each pump utilized during recirculation (safety injection,
spray, and residual heat removal pumps) in turn at near shutoff head conditions and checking
the discharge and recirculation test lines. The suction lines are tested by running the residual
heat removal pumps and opening the flow path to containment spray and safety injection
pumps in the same manner as described above.
During the above tests, all system joints, valve packings, pump seals, leakoff connections, or
other potential points of leakage are visually examined. Valve gland packing, pump seals,
and flanges are adjusted or replaced as required to reduce the leakage to acceptable
proportions. For power-operated valves, final packing adjustments are made and the valves
are put through an operating cycle before a final leakage examination is made.
The service water pumps and component cooling water pumps were tested prior to initial
operation. For those pumps not running during MODES 1 and 2, it is possible to test their
operability by interchanging with the operating pumps.
6.3.5.4

Operational Sequence Testing

The full operational sequence of the safety injection system was tested to the extent practical
prior to initial plant operation. This test demonstrated the state of readiness and capacity of
this system. The safety injection system valving was set initially to simulate the system
alignment for plant power operation.
To initiate the test, the safety injection system block switch was moved to the unblock
position to provide control power allowing the automatic actuation of the safety injection
signal relays from the pressurizer. Simultaneously, the breakers supplying normal power to
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the 480-V buses were tripped and operation of the diesel generator power system
commenced automatically. The safety injection pumps and the residual heat removal
pumps start automatically following the prescribed loading sequence. The valves operate
automatically to align the flow path for injection into the reactor coolant system.
The functioning of the accumulators was checked by closing the stop valves, raising the
pressure in the tank, and then opening the stop valve and observing the rising pressurizer
level.
The rising water level in the pressurizer provided indication of system delivery. Flow into the
reactor coolant system was terminated prior to complete filling of the pressurizer.
The functional test provided information to confirm the proper automatic sequencing of load
addition to the diesel generator.
The functional test was repeated for the various modes of operation needed to demonstrate
performance at partial effectiveness; that is, to demonstrate the proper loading sequence with
loss of one of the diesel generator power sources and to demonstrate the correct automatic
starting of a second pump should the first pump fail to respond. These latter cases were
performed without delivery of water in the reactor coolant system but included starting of all
pumping equipment involved in each test.
6.3.5.5

Gas Intrusion Management Program

The Ginna Station Intrusion Management Program was established in response to Generic
Letter (GL) 2008-01 (Ref. 25). The GL required all plants to evaluate the Emergency Core
Cooling, Decay Heat Removal and Containment Spray systems for gas intrusion.
The piping systems have the potential to develop voids and pockets of entrailed gas.
Maintaining the pump suction and discharge piping sufficiently full of water is necessary to
ensure that the systems will perform properly and will inject the flow assumed in the safety
analysis upon demand. This prevents unacceptable pump cavitation, water hammer, and
injection of non-condensable gas into the reactor vessel following a Safety Injection signal or
during shutdown cooling. Consistent with Ginna Station's response to GL 2008-01 (Ref. 26
and 27), the Gas Intrusion Management Program addresses the identification, evaluation, and
elimination of unacceptable gas voids to maintain the systems sufficiently full of water.
6.3.6

INSTRUMENTATION

Instrumentation and associated analog and logic channels used for initiation of Emergency
Core Cooling System (ECCS) operation is discussed in Section 7.3. This section describes
the instrumentation available for monitoring Emergency Core Cooling System (ECCS)
components during normal and postaccident operation.
6.3.6.1

Containment Sump Level

Redundant containment sump B level indicators (LI-942 and LI-943) show that water has
been delivered to the containment following an accident and, subsequently, shows that the
residual heat removal pumps have sufficient net positive suction head to allow operation.
These switches are designed to withstand accident conditions.
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6.3.6.2

Refueling Water Storage Tank (RWST) Level

The refueling water storage tank (RWST) is equipped with two redundant level indication
systems. Each system consists of a level transmitter connected to the refueling water storage
tank (RWST) which signals a percent scale level indicator on the main control board and
actuates two annunciator alarm windows (low-low and high-low) on the main control board
by way of two bistables, one corresponding to each alarm window.
During the injection phase, following a loss-of-coolant accident, the high-low level alarm
alerts the operator to evaluate the operating engineered safety features pumps and, if required,
remove from service enough equipment to maintain an adequate margin to net positive
suction head for those pumps continuing in operation. When the level decreases to the lowlow level an alarm alerts the operator to suspend the injection phase and switch over to the
recirculation phase.
6.3.6.3

Accumulator Pressure and Level

Redundant pressure and level transmitters are provided for each accumulator to monitor the
readiness of the accumulators to provide the required injection flow. These indicators are not
required to operate after an accident.
6.3.6.4

Boric Acid Storage Tank Level

The boric acid storage tank liquid level system consists of a bubbler system and differential
pressure transmitter. The transmitter output transmits the level signal to the main control
board indicator and initiates a high-low level alarm and low-low level alarm to the control
room annunciator.
6.3.6.5

Residual Heat Exchanger Flow and Temperature

Combined exit flow is indicated during normal RHR cooldown and post-accident alignment,
and combined inlet temperature is recorded on the control board to monitor operation of the
residual heat exchangers during normal RHR cooldown operation. In addition, the exit
temperature of each heat exchanger is locally indicated. These transmitters are outside reactor
containment.
6.3.6.6

Safety Injection Line Flow

Safety injection pump flow indication is provided in the feeder to each reactor coolant loop.
These transmitters are located inside the containment and are qualified for postaccident
operation. Additional flow instrumentation is also provided in the lines from the residual heat
removal pumps to the safety injection and containment spray pumps, used during sump
recirculation if necessary to provide high-pressure injection or spray flow.
6.3.6.7

Safety Injection Pumps Discharge Pressure

These channels provide additional indication of safety injection pump operation. These
transmitters are outside the containment.
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6.3.6.8

Pump Energization

All pump motor power feed breakers have indication that they are closed by energizing
indicating lights on the control board.
6.3.6.9

Valve Position

All engineered safety feature valves have position indication on the control board to show
proper positioning of the valves. Air-operated and solenoid-operated valves are designed to
fail in a preferred direction of greater safety on the loss of air or power. Motor-operated
valves remain in the position they are in at the time of loss of power to the motor.
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Table 6.3-1
QUALITY STANDARDS OF SAFETY INJECTION SYSTEM COMPONENTS
Residual Heat Exchanger
Test and Inspections
Hydrostatic test
Radiograph of longitudinal and girth welds (tube side only)
Ultrasonic test of tubing or eddy current test
Dye penetrant test of welds
Dye penetrant test of tube-to-tube sheet welds
Gas leak test of tube-to-tube sheet welds before hydro and
expanding of tubes
Special Manufacturing Process
Control
Tube-to-tube sheet weld qualifications procedure
Welding, nondestructive testing, and procedure review
Surveillance of supplier's quality control and product
Component Cooling Heat Exchanger
Tests and Inspections
Hydrostatic test
Dye penetrant test of welds
Special Manufacturing Process
Control
Welding, nondestructive testing, and procedure review
Surveillance of supplier's quality control and product
Safety Injection and Residual Heat Removal Pumps
Tests and Inspections
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Performance test
Dye penetrant of pressure retaining parts
Hydrostatic test
Special Manufacturing Process
Control
Weld, nondestructive testing, and inspection procedures for
review
Surveillance of supplier's quality control system and product
Accumulators
Tests and Inspections
Hydrostatic test
Radiography of longitudinal and girth welds
Dye penetrant/magnetic particle of weld
Special Manufacturing Process
Control
Weld, fabrication, nondestructive testing, and inspection
procedure review
Surveillance of supplier's quality control and product
Valves
Tests and Inspections
200 psi and 200F or below (cast
or bar stock)
Dye penetrant test
Hydrostatic test
Seat leakage test
Above 200 psi and 200F
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Forged valves
Ultrasonic testing of billet prior to forging
Dye penetrant 100% of accessible areas after forging
Hydrostatic test
Seat leakage test
Cast valves
Radiograph 100%a
Dye penetrant all accessible areasa
Hydrostatic test
Seat leakage
Functional tests required for:
Motor-operated valves
Auxiliary relief valves
Special Manufacturing Process
Control
Weld, nondestructive testing, performance testing, assembly,
and inspection procedure review
Surveillance of supplier's quality control and product
Special weld process procedure qualification (e.g., hard
facing)
Piping
Tests and Inspections
Class 1501 and below:
Seamless or welded. If welded, 100% radiography is
required; shop-fabricated and field-fabricated pipe weld
joints are inspected as follows:
2501R-601R - 100% radiographic inspection and penetrant
examination
301R-151R - 10% random radiographic inspection
301R-151R - 100% liquid penetrant examination
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Special Manufacturing Process
Control
Surveillance of supplier's quality control and product
a.

For valves with radioactive service only.
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Table 6.3-2
ACCUMULATOR DESIGN PARAMETERS
Number

2

Type

Stainless steel clad/carbon steel

Design pressure, psig

800

Design temperature, F

300

Operating temperature, F

60 to 125°F

Maximum pressure, psig

790

Normal set pressure, psig (nominal)

745

Minimum pressure, psig

700

Total volume, ft3

1750

Minimum water volume, ft3

1090

Maximum water volume, ft3

1140

Relief valve setpoint, psig

800

Minimum boron concentration, ppm

2550

Maximum boron concentration, ppm

3050

Page 232 of 285

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 6 ENGINEERED SAFETY FEATURES

Table 6.3-3
SAFETY INJECTION SYSTEM PUMPS DESIGN PARAMETERS
High-Head Safety Injection
Pumps

Residual Heat Removal
Pumps

3

2

Motor power, hp

350

200

Design pressure, psig

1750

600

Design temperature, F

300

400

Design flow rate, gpm

300

1560

Maximum flow rate, gpm

625

2500

Design head, ft

2700

280

Maximum shutoff head, ft

3400

340

Number
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Table 6.3-4
REFUELING WATER STORAGE TANK (RWST) DESIGN PARAMETERS
Number

1

Material

Stainless steel

Volume, gal

338,000

Code

API Standard 650 and in accordance with the U.S. AEC
Division of Technical Information, TID 7024, August 1963,
Nuclear Reactors and Earthquakes.

Design conditions
Fluid

2750 to 3050 ppm boron

Temperature

200F

Pressure

Atmospheric

Seismic Category

I
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Table 6.3-5
RESIDUAL HEAT REMOVAL HEAT EXCHANGERS DESIGN PARAMETERS
Number
Design heat duty, Btu/hr
Design UAb, Btu/hr/F
Design cycles (85F-350F)

2
a24.15

x 106

750,000
200
Primary (tube side)
(reactor coolant)

Design pressure, psig
Design flow, lb/h
Inlet temperature, F
Outlet temperature, F

Secondary (shell side)
(component cooling water)

600

150

763,000

1,375,000a

160

100

128.4

117.3

a.

To minimize the potential for flow induced vibration in the residual heat removal heat exchangers, as of
1994 component cooling water flow has been limited to approximately 1800 gpm through the shell side
of each exchanger. See Section 9.2.2.4.1.6.

b.

UA is the total heat transfer coefficient (U) times the area (A).
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Table 6.3-6
RECIRCULATION LOOP LEAKAGE INFORMATION USED IN ORIGINAL
ANALYSIS
Items

Number
Original Type of
of Units Leakage Control and
Unit Leakage Rate
Used in the Original
Analysis

Leakage to
Atmosphere
(cm3 /hr)a

Leakage
Drain Tank
(cm3/hr)a

Residual heat removal pumps

2

Double seal with
leakoff -1 drop/min

0

6

Spray pumps

2

Double seal - 1 drop/
min

6

0

Safety injection pumps

3

Same as spray pumps

9

0

Flanges

Gasket - adjusted to
zero leakage
following any test 10 drops/min/
flange used in
analysis

Pump

14

420

0

Valves bonnet to body
(larger than 2 in.)

48

1440

0

Control valves

8

240

0

0

25

Valves - stem leakoffs

25

Backseated, double
packing with leakoff 1 cm3/hr used

Miscellaneous small valves

50

Packed stems - 1
drop/min used

150

0

Isolation valve at loop
penetrations 2 in. and
aboveb

5

Leakage maximum
allowable across disk

140

0

24050.635gph

31

Total
a.

1 drop/min3 cm3/hr

b.

This includes only leakage paths to atmosphere.
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Table 6.3-7
INSTRUMENTATION READOUTS ON THE CONTROL BOARD FOR OPERATOR
MONITORING DURING RECIRCULATION
Valves
System

Valve Number

Safety injection
Residual heat removal
Containment spray

MOV 825A and B
MOV 826A, B, C, and D
MOV 851A and B
MOV 850A and B
MOV 1813A and B
MOV 856
MOV 857A, B and C
MOV 852A and B
MOV 896A and B
MOV 1815A and B
MOV 871A and B
MOV 878A, B, C and D
MOV 897
MOV 898
MOV 860A, B, C and D
MOV 836A and B
MOV 704A and B
MOV 841
MOV 865

Component cooling water

MOV 738A and B
Instrumentation

System

Valve Number

Residual heat removal temperature

TE-630 (RK-3)

Residual heat removal flow

FT 626, FT 689

Residual heat removal to safety
injection/containment spray flow

FT 931A and B
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Sodium hydroxide tank level

LT 931

Sodium hydroxide flow

FT 930

Refueling water storage tank (RWST) level

LT 920, LT 921

Safety injection discharge pressure

PT 922, PT 923

Accumulator pressure

PT 936, PT 937
PT 940, PT 941

Accumulator level

LT 934, LT 935
LT 938, LT 939

Safety injection flow

FT 924, FT 925

Containment sump B level

LT 942, LT 943
Pumps

System

Valve Number

Safety injection
Service water
Component cooling
Containment spray
Residual heat removal
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Table 6.3-8
SAFETY INJECTION VALVE OPERATION AND INTERLOCKS
Valve Numbera

Design Features

MOV 826A, B, C, Valves between the boric acid storage tanks and the suction of the safety
D
injection pumps. There are two parallel paths with two valves in each path.
All four valves are maintained closed and secured in position with ac
power removed in accordance with the Technical Specifications. Valves
originally provided high concentration boric acid for the initial duration of
the injection phase. Their function was changed and the valves currently
perform an isolation function and perform no active function related to the
emergency core cooling system (ECCS).
MOV 825A, B

Safety injection pump suction valves from the refueling water storage tank
(RWST). They are locked open with ac power removed in accordance with
the Technical Specifications and have no automatic action.

MOV 871A, B

Safety injection pump 1C discharge to B and A loop, respectively. They
are normally open. During safety injection, if the 1A pump fails to start,
then 871B will close. If the 1B safety injection pump fails to start, then
871A will close.

MOV 865, 841

Accumulator discharge to loop cold legs. They are normally open.
Alternating current power is removed during operation.

MOV 878B, D

Safety injection pump discharge valves to the reactor coolant loop cold
legs. They are normally open. Alternating current power is removed
during operation

MOV 878A, C

Safety injection pump discharge valves to the reactor coolant loop hot legs.
They are normally closed. Alternating current power is removed during
operation.

MOV 852A, B

Reactor vessel deluge valves. They are normally closed and will open on
safety injection. Direct current closing power is removed by key switch;
so once the valves open, they stay open.

MOV 851A, B

Residual heat removal suction valves from sump B (containment valves).
They are maintained open secured in position by removing ac power (in
accordance with Technical Specifications) and have no automatic action.

MOV 850A, B

Residual heat removal suction valves from sump B (auxiliary building
valves). They are normally closed and have no automatic action. They
provide interlock for MOV 857A, B, C, and MOV 700 and 701.

MOV 856

Residual heat removal pump suction valve from the refueling water storage
tank (RWST). It is normally open. Direct current control power is
removed by a key switch

MOV 896A, B

Refueling water storage tank (RWST) outlet valves. They are normally
open and have no automatic action. They provide interlock for MOV
857A, B, and C. Direct current control power is removed by key switch.

MOV 1813A, B

Reactor coolant drain tank pump suction valves from sump B. They are
normally closed and have no automatic action.
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Valve Numbera

Design Features

MOV 1815A, B

Safety injection pump 1C suction valves. They are normally open and if
closed, will open on safety injection signal.

MOV 897, 898

Safety injection pump recirculation valves to the refueling water storage
tank (RWST). They are normally open and fail as is on loss of electric
power. There is no automatic action. They provide interlock for MOV
857A, B, and C.

MOV 857A, B, C

Residual heat removal discharge valves to safety injection and containment
spray pump suction. They are normally closed. If 850A and B are open,
then 857A, B, and C cannot be opened unless either 896A or B is closed
and either 897 or 898 is closed. This prevents putting water from sump B
into the refueling water storage tank (RWST). MOV 857B is also pressure
interlocked such that it cannot be opened unless the residual heat removal
discharge pressure is less than 250 psi. This prevents overpressurization of
the safety injection pump suction piping.

MOV 860A, B, C, Containment spray pump discharge valves. They are normally closed and
D
will open on containment spray actuation signal.
AOV 846

Nitrogen supply valve to the accumulators. It is normally closed and fails
closed. If open, it will close on a containment isolation signal.

AOV 839A, B
AOV 840A, B

Accumulator test lines stop valves. They are normally closed, fail closed,
and have no automatic action.

AOV 834A, B

Accumulator vent, or N2 fill valves. They are normally closed, fail closed,
and have no automatic action.

HCV 945

Accumulator vent valve. It is normally closed, fails closed, and has no
automatic action.

AOV 844A, B

Accumulator drain valves to the reactor coolant drain tank. They are
normally closed, fail closed, and have no automatic action.

MOV 875A, B
MOV 876A, B

Charcoal filter dousing valves. They are normally closed and have no
automatic action.

AOV 836A, B

Sodium hydroxide tank outlet valves. They are normally closed, open on
containment spray actuation signal, and fail open on loss of air or power.

a

See Drawings 33013-1247, 33013-1261, and 33013-1262.
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Table 6.3-9
SINGLE FAILURE ANALYSIS - SAFETY INJECTION SYSTEM
Component

Malfunction

Accumulator (injection phase)

Delivery to
broken loop

Comments
Totally passive system with one
accumulator per loop. Evaluation
based on one accumulator delivering
to the core and one spilling from the
ruptured loop.

Pumps (injection phase)
High-head safety injection

Fails to start

Three provided; evaluation based
on operation of two.

Residual heat removal

Fails to start

Two provided; evaluation based on
operation of one.

Component cooling

Fails to start

Two provided; evaluation based on
operation of one.

Service water

Fails to start

Four provided; evaluation based
on operation of one.

Automatically operated valves (injection
phase)
High-head injection line discharge valves to
reactor coolant system cold legs (878 B, D)

Not
applicable

Valves locked open with ac power
removed (Technical pecifications).

Residual heat removal pump deluge
valves at injection line (852A, B)

Fails to open Two parallel valves; one required
to open.

Injection valves at high-head safety injection
pump suction header (825A, B)

Not
applicable

Valves locked open with ac power
removed (Technical Specifications).

Refueling water storage tank (RWST) outlet
valve to suction of residual heat removal
pumps (856)

Not
applicable

Valves locked open with the dc
control power removed by key switch
(Technical Specification.)

Refueling water storage tank (RWST) outlet
valves to suction of safety injection and
containment spray pumps (896A,B)

Not
applicable

Valves locked open with the dc
control power removed by key switch
(Technical Specification.)

High-head injection line isolation valves from
reactor coolant system hot legs (878A, C)

Not
applicable

Valves locked closed with the ac power
removed (Technical Specification.)

Accumulator isolation valves to reactor
coolant system cold legs (865, 841)

Not
applicable

Valves locked open with ac power
removed (Technical Specification).
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Component

Malfunction

Comments

Containment sump recirculation isolation
(850A, B and 851A,B)

Fails to open

Two lines in parallel with two
valves in series in each line.
Valves 851A and B are
maintained open with ac power
removed in accordance with
Technical Specifications; either
850A or B required to open.

Safety injection pump suction valve at
residual heat exchanger discharge (857A,
B, and C)

Fails to open

Two parallel paths; one required
to open. 857B in parallel with
series valve 857A and C.

Isolation valve on the test line returning
to the refueling water storage tank
(RWST) (897, 898)

Fails to close

Two valves in series; one required
to close.

Isolation valve at suction header from
refueling water storage tank (RWST)
(896A, B)

Fails to close

Two valves in series; one required
to close.

Valves operated from control room for
recirculation (recirculation phase)

Isolation valve to refueling water storage
tank (RWST) from containment sump
(856)

Fails to close Check valve (854) in
series provides backup isolation.

NOTE:—The status of all active components of the safety injection system is indicated on the
main control board. See Table 6.3-7.
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6.4

HABITABILITY SYSTEMS

The control room habitability systems include missile protection, radiation shielding, radiation
and toxic gas monitoring, fire detectors and portable extinguishers, air filtration, heating and
cooling, and lighting. These habitability systems are provided to permit access to and
occupancy of the control room during normal plant operations and emergency conditions.
6.4.1

DESIGN CRITERION

The general design criteria applicable to the control room design are GDC 11 and GDC 19,
presented in Section 3.1.1.3.1 and Section 3.1.2.2.10, respectively. GDC 11 was used during
the licensing of Ginna Station. It is the Atomic Industrial Forum (AIF) version of the
proposed criterion issued by the AEC for comment on July 10, 1967. Conformance with
1972 General Design Criteria of 10 CFR 50, Appendix A, which included GDC 19, is
discussed in Section 3.1.2.
The plant is equipped with a control room which contains the controls and instrumentation
necessary for operation of the reactor and turbine generator under normal and accident
conditions.
The control room is continuously occupied by the operating personnel under all operating and
design basis accident conditions. Sufficient shielding, ventilation, and habitability provisions
exist to ensure that control room personnel can perform all required safety functions from the
control room under all credible postulated accident conditions.
It is design policy that the functional capacity of the control room shall be maintained at all
times, including during all postulated accident conditions. For certain design basis events,
such as fires, control room evacuation may be required. If an event requires control room
evacuation, then multiple pathways are available from the control room to the alternative
shutdown panels. Though self-contained breathing apparatus (SCBA) and potassium iodide
tablets are both available to control room operators, neither is relied upon for maintaining
operators' exposure within the prescribed limits following a radiological release.
The following features are incorporated in the design to ensure that this criterion is met.
The normal HVAC system provides a large percentage of recirculated air, and the Control
Room Envelope (CRE) can be isolated to prevent intake of contaminants from outside the
CRE.
The Control Room Emergency Air Treatment System (CREATS) is designed to filter the control
room atmosphere during periods when the control room is isolated and to maintain radiation
levels in the control room at acceptable levels following the design-basis accident.
Structural and finish materials for the control room, relay room, and battery room are selected
on the basis of fire-resistant characteristics. Structural floors and interior walls are reinforced
concrete. Interior partitions are metal or masonry on metal joints. The control room ceiling
covering is fire retardant acoustical tile and luminous ceiling panels. Door frames and doors
are metallic. Use of combustible materials is minimized and controlled by way of the
Appendix R reviews performed for any modification that increases combustible loading.
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In addition to being continuously occupied, the control room has several fire detectors in the
room, and inside cabinets within the control room, which will actuate alarms.
The control room is equipped with portable fire extinguishers that are sized and located in
accordance with National Fire Code and National Fire Protection Association specifications.
Extinguishers carry the Underwriter's Laboratory label of approval and are considered
appropriate for the hazards associated with the control room area.
6.4.2
6.4.2.1

SYSTEM DESIGN
Definition of Control Room Envelope (CRE)

The CRE includes all areas served by the Control Room Emergency Air Treatment System
(CREATS) and is limited to the top floor of the control building and all CREATS ductwork
bounded by CRE isolation dampers. The CRE consists of the control room and its adjacent
bathroom, kitchen, and Shift Manager's office. The air volume of the CRE has an effect upon
post-accident dose calculations to control room operators.
6.4.2.2

Ventilation System Design

The control room ventilation consists of two separate systems: normal HVAC and CREATS.
These two systems provide three different modes of operation: NORMAL, EMERGENCY,
and PURGE.
6.4.2.2.1

Normal HVAC System - NORMAL and PURGE Modes of Operation

The normal control room HVAC system is located in the basement floor of the three-story
control building and is connected to the CRE by supply and return ducts that are located in the
stairwell. The normal HVAC system supports the NORMAL and PURGE modes of
operation. The system includes a supply and return air fan and in the NORMAL mode
provides fresh outside air and exhaust, coarse filtration, and heating or cooling via electric
heating or chilled water cooling coils. The NORMAL system includes a separate fan for
lavatory exhaust, which is isolated in the EMERGENCY mode of operation. In the PURGE
mode of operation the NORMAL system has the same functions described above while also
providing the maximum amount of fresh air and exhaust air to purge airborne contaminants
from the CRE.
The normal HVAC system's outside air intake duct is equipped with redundant trains of
radiation, chlorine, and ammonia monitors. Any one of these six monitors reaching their
setpoint will actuate the EMERGENCY mode of operation and provide an alarm in the control
room. The normal HVAC system is also equipped with a smoke detector that monitors return
air in the duct between the CRE and the return air fan, and provides an alarm in the control
room.
6.4.2.2.2

CREATS System - EMERGENCY Mode of Operation

The Control Room Emergency Air Treatment System (CREATS) consists of two seismic
Class I, 1E powered, 100% capacity trains that can each filter, cool or heat, and recirculate
6000 CFM of control room air. The CREATS systems' major components are located in the
relay room annex, which is on the east side of the relay room and is described in section
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3.3.3.3.6. The relay room annex is east of, and one level below, the control room. Ductwork
connects CREATS to the CRE via penetrations in the roof of the relay room annex and in the
east wall of the control room; this ductwork is a CRE isolation boundary and, since it is
located outside, is designed to survive tornado-driven missiles. The relay room annex is a
hardened structure having reinforced concrete walls and roof.
The filters in each train of CREATS were designed per ASME AG-1 1997, and include HEPA
filters and 4-in. deep bulk carbon adsorbers. CREATS heating capability comes from electric
heating coils, and cooling from direct expansion R-22 refrigerant cooling coils that are
supported by air-cooled condensers located on the rooftop of the relay room annex. The
cooling system is discussed further in Section 6.4.3.2.4 and Section 6.4.3.4.
Both the heating and cooling functions are provided with Class 1E power that is stripped by a
Safety injection (SI) signal; these loads can be manually restored after SI injection is reset to
provide normal temperature control in the CRE. The CREATS fans are Class 1E powered and
start upon a manual, toxic gas, radiation monitor, or SI signal; in order to maintain the filtration
function the CREATS fans will start automatically upon an SI signal.
The CREATS system includes six isolation dampers that, when closed, are CRE isolation
boundaries. These six dampers isolate three separate flowpaths and are redundant so that
failure of a single damper will not prevent isolation of that flowpath. Four of the dampers are
located in the stairwell and isolate the normal HVAC system supply and return ducts; the
normal HVAC system fans trip with the isolation signal. The other two dampers are located
above the control room's suspended ceiling and isolate the lavatory exhaust duct that
discharges to the outdoors through the east wall.
With one train of CREATS in service, airborne particulate activity can be cleaned up at an
effective rate of approximately nine filtered air changes per hour. Though not required in
order to meet GDC 19 criteria, control room personnel have access to portable respiratory
equipment. There are adequate numbers of self-contained breathing apparatus (SCBA)
located within the control building, and additional SCBA units and spare cylinders located in
the fire brigade response room.
The plant has the capability to supply breathing air to 10 people for 6 hours at the rate of two
(1.0 hour) bottles per person per hour. A compressor and cascade system are provided onsite
to supply the breathing air.
6.4.2.3

Leak Tightness

Tracer gas inleakage testing has been performed to verify the integrity of the CRE
boundaries, and to validate the unfiltered air inleakage rate that was assumed in the dose
calculations that demonstrate compliance with GDC 19.
6.4.2.4

Interaction with Other Zones and Pressure-containing Equipment.

The CRE has only two adjacent indoor spaces: the turbine building operating level to the
north, and the relay room located one floor below the control room. The roof and the other
three walls separate the CRE from the outdoor environment. The control room north and east
walls include 0.25-in. steel plate.
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All of the ductwork located within the CRE is part of an HVAC system serving the control
room; there are no intervening ducts that serve adjacent spaces. The outside air intake duct
located above the control room's suspended ceiling is a CRE isolation boundary and was
modified to ensure seismic qualification and leaktightness. The control room lavatory
exhaust duct discharges through the east wall of the control room and is equipped with
redundant isolation dampers to meet single failure criteria; only the pressure boundary
downstream of these dampers is a CRE isolation boundary.
The normal control room HVAC system is intended to balance fresh outside and exhaust air
flows, and CREATS simply isolates and recirculates air within the CRE boundary; thus the
design does not maintain a differential pressure between the CRE and any adjacent spaces.
6.4.2.4.1

Interaction with the Turbine Building

The control room's north wall separates it from the turbine building operating level and
contains the control room's main entrance/exit door. The door is a side-by-side double door
and has no vestibule; it is a security door protecting the control room vital area. The wall and
the door are designed to withstand the worst-case turbine building HELB pressure transient.
The HELB pressure 'superwall' is a CRE isolation boundary. A short section of the outside
air intake duct is located in the turbine building and has also been designed to withstand the
worst-case turbine building HELB pressure transient and protect from missiles; thus
protecting downstream ductwork within the CRE from these events.
6.4.2.4.2

Interaction with the Relay Room

In the southwest corner of the control room is a doorway to a stairwell which connects the
relay room and control room floors of the control building. The stairwell does not extend
down into the lowest level of the control building where the normal HVAC system is located.
The stairwell contains ductwork which connects the control room normal HVAC system with
the CRE. The stairwell is not normally considered part of the CRE but has been evaluated as
an acceptable CRE volume (Reference 5).
The relay room contains a halon fire suppression system and two separate packaged air
conditioning units that employ R-410A refrigerant; all of which have been evaluated and are
not considered a threat to CRE habitability (See Section 6.4.3.2).
6.4.2.5

Shielding Design

The control building's roof and the south and west walls face the containment building and
are made of 20-in. thick reinforced concrete in order to provide shielding from containment.
There is no door facing the containment building and penetrations are minimized in order to
prevent radiation streaming into the control room. The post accident dose to control room
occupants is presented in section 12.4 and in Chapter 15.
6.4.2.6

System Operational Procedures

The control room HVAC system has three basic modes of operation; NORMAL,
EMERGENCY, and PURGE.
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The NORMAL mode of operation occurs whenever there is no EMERGENCY signal present
and PURGE is not actuated. The normal control room HVAC system provides fresh air and
temperature control for the control room. The CREATS fans and emergency cooling/heating
are normally secured but can be started as needed for surveillance testing or maintenance.
The EMERGENCY mode of operation is initiated by any signal that actuates CREATS:
a. Safety Injection signal (SI)
b. outside air intake radiation monitors
c. outside air intake toxic gas (chlorine and ammonia) monitors
d. manual isolation
In the EMERGENCY mode of operation the normal HVAC system fans are tripped, all six
isolation dampers close, and the associated train (A or B) of CREATS is actuated to provide
filtered recirculation of CRE air. An exception is radiation monitors; either radiation monitor
will actuate BOTH trains of CREATS. Unless an SI signal is present, emergency heating or
cooling will automatically maintain a normal control room temperature. If an SI signal is
present the heating and cooling components are stripped of Class 1E power; after reset of the
SI signal these loads can be restored from the control room. Since only one train of CREATS
is required the control room operators can secure either train of CREATS at any time after the
EMERGENCY mode is actuated. The main control board switch for either CREATS fan can
be used to start the associated fan without initiating the EMERGENCY mode of operation.
The PURGE mode of operation is manually actuated from the control room and uses the normal
HVAC system to provide the maximum amount of fresh air and exhaust air to the control room.
The PURGE mode is overridden by any EMERGENCY actuation signal. With local operator
action a purge flow of fresh air can also be established from an alternate outside air source
(relay room annex) while in the EMERGENCY mode of operation.
6.4.3

DESIGN EVALUATIONS

Prior to design and installation of the CREATS system the issue of control room habitability
was evaluated for operators' exposure to the following:
1. radiological dose
2. toxins
3. smoke and fire
4. temperature extremes
6.4.3.1

Radiological Analysis

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room accident dose calculations were updated to reflect the new system configuration.
In order to ensure the most limiting accident was analyzed, the decision was made to analyze
all credible accidents where a release is postulated. In addition, the new dose calculations
were performed using the alternate source term (AST) methodology per Reference 8. The
atmospheric dispersion values were recalculated using the ARCON96 computer code for
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release points specific to the accident (Reference 9). The NRC in Reference 10, as
supplemented by Reference 11, approved the AST methodology and analyses. The analysis
was updated as part of the Extended Power Uprate (EPU) Project (Reference 12) and further
updated as part of the Containment Penetration Technical Specification revision (Reference
15). The analysis was updated as part of the Containment Temperature increase and Spray
flow reduction project (Reference 4).
The limiting control room radiological analysis (LOCA) assumes a double-ended rupture of a
primary coolant loop. The reactivity release calculation assumes that the core melts; iodine
and noble gas activity is released to the containment atmosphere. A portion of the iodine is
assumed to plate out on containment surfaces, whereas all of the noble gases are assumed to
remain in the containment atmosphere. The iodine and noble gas concentration in the
containment atmosphere is reduced by radioactive decay and containment leakage. In
addition, iodine is removed by spray and HEPA filters. When recirculation is started, an
additional leak path is assumed due to engineered safety features (ESF) equipment leakage
during recirculation. The releases are assumed to transport to the control room boundary,
diluted only by the atmospheric dispersion coefficient.
The activity then enters the control room through the normal intake and unfiltered inleakage.
Activity leaves the control room by radioactive decay, filter absorption, and outleakage. The
dose is obtained by combining, as appropriate, control room activity with the dose conversion
factors, breathing rate, occupancy factors, and a geometry factor.
Tables 6.4-1 and 6.4-2 present the assumptions used in the analysis. The calculation is
performed using the RADTRAD computer package (Reference 4). The analysis is
documented in the various analyses listed in Tables 6.4-1 The results are presented at the end
of Tables 6.4-1. The limits as set in 10 CFR 50.67 are met for total effective dose equivalent
(TEDE) following the postulated accidents.
6.4.3.2

Protection from Toxins

Design evaluation of the CREATS system considered the potential for exposure of control
room operators to toxins (Reference 6), and included evaluation of the following sources:
1. Chlorine from tanks used by the Ontario water treatment plant, located 1.1 miles east of the
plant and chlorine from the tanks used by the Webster water treatment plant, located
4.1 miles west of the plant.
2. Ammonia from the ammonium hydroxide tank located onsite, north of the turbine building.
3. Halon from the fire protection system that serves the relay room.
4. Refrigerant from the CREATS cooling system and from several other cooling systems in
close proximity to the control room.
5. Sodium hypochlorite from the tank located onsite, east of the screen house.
6. Carbon dioxide generated by control room occupants while isolated in the EMERGENCY
mode of operation.
Toxic chemicals were evaluated in a manner similar to that performed for radioactivity,
(Reference 6). The chemicals identified onsite and offsite are also discussed in Section
2.2.2.6.
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6.4.3.2.1

Chlorine

As discussed in Section 2.2.2.6.2, approximately 1.1 miles east of Ginna Station is a water
treatment plant that uses chlorine to treat lake water for distribution through the Ontario water
system. Additionally, 4.1 miles west of Ginna Station is a water pumping station that also uses
chlorine to treat lake water. Exposure to a postulated tank rupture is mitigated by two
chlorine detectors located in the outside air intake duct for the normal control room HVAC
system. Upon sensing chlorine in the incoming airstream, either detector will automatically
isolate the CRE, trip the normal HVAC system, and activate CREATS.
The exposure to control room operators from both the Webster source and the Ontario source
is less than the 30mg/m3 limit found in Regulatory Guide 1.78, Rev. 1.
6.4.3.2.2

Ammonia

North of the turbine building is a tank of ammonium hydroxide that is used for secondary side
water treatment. Exposure to a postulated rupture of this tank is mitigated by two ammonia
detectors located in the outside air intake duct for the normal control room HVAC system.
Upon sensing ammonia in the incoming airstream either detector will automatically isolate
the CRE, trip the normal HVAC system, and actuate CREATS.
The calculated ammonia exposure to control room operators from this source is less than the
210 mg/m3 limit found in Regulatory Guide 1.78, Rev. 1.
6.4.3.2.3

Halon

The relay room and MUX room located one floor below the control room are protected by a
halon 1301 fire suppression system. The halon in the relay room is not a threat to control
room habitability because there is a limited volume of halon present, halon is more dense than
air and thus will not rise from the relay room into the control room, and there is no HVAC
system to circulate the air between these rooms.
6.4.3.2.4

Refrigerant

Installation of the CREATS cooling systems' direct expansion cooling coils created the
potential for a postulated rupture of a cooling coil and release of that system's entire
refrigerant inventory into the control room. In addition to being an unlikely scenario, the low
toxicity and the small volume of the chlorodifluoromethane 'R-22' refrigerant made this
accident an insignificant challenge to control room habitability.
6.4.3.2.5

Sodium Hypochlorite

An above ground storage tank located east of the screen house holds sodium hypochlorite
used to reduce biological fouling in the circulating and service water systems. This potential
toxin source was evaluated and due to its low volatility, low concentration, and distance from
the control room's outside air intake, was found not to be a threat to control room habitability.
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6.4.3.2.6

Carbon Dioxide

The amount of air inleakage to the control room is minimized in order to limit radiological
dose to control room operators, and as a result the levels of carbon dioxide (CO2) would be
expected to rise when the control room remains isolated in the EMERGENCY mode for
extended periods of time.
Carbon dioxide is not considered a threat to habitability under accident conditions because the
toxicity limit is high and CO2 levels rise slowly, as a function of the occupants' breathing
rate, and a long-term uncontrolled release that requires continuous isolation is unlikely.
However, if radioactive or toxic releases require long-term CRE isolation then CO2 levels can
be measured and mitigated.
6.4.3.3

Protection from Smoke and Fire

Design policy is to maintain the control room habitable at all times, and if a single event
requires evacuation then multiple pathways shall be available from the control room to the
alternative shutdown panels.
6.4.3.3.1

Internal Sources of Smoke and Fire

As described in Section 6.4.1, design features have limited the combustibles within the
control room, and there are very few ignition sources present. The CRE is approximately
2000 square feet, is all located on the same floor, is continuously occupied, and is equipped
with several fire detectors. Therefore it is likely that any fire in the control room would be
quickly identified and extinguished by control room operators and/or fire brigade members.
If a fire inside the CRE results in excessive smoke or erratic operations/indications of main
control board components, then evacuation to the alternative shutdown panels can occur
through the main control room door to the turbine building operating level, or through the
back door to the stairwell which leads downstairs to the relay room.
6.4.3.3.2

External Sources of Smoke and Fire

A fire in any space adjacent to the control room is unlikely to spread into the CRE and require
a control room evacuation because:
a. The control room's north wall is protected, on the turbine building side, by a water curtain
fire suppression system. Refer to Section 9.5.1.2.3.7 for details.
b. The relay room, located below the control room, is protected by both a halon and a
manually actuated water suppression system. Refer to Sections 9.5.1.2.3.7 and
9.5.1.2.3.8 for details.
c. The west and south walls of the control room are adjacent to the main, auxiliary, and two
offsite transformers. These oil-filled transformers present a significant fire load, but all are
equipped with fire detection and water suppression systems. Refer to Section 9.5.1.2.3.7 for
details. The west and south walls are also 3-hour fire rated, 20-in. thick reinforced concrete,
with a minimum of penetrations.
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d. The roof of the control room is also 20-in. thick reinforced concrete, and the east wall is
shielded with 1/4-in. thick armor plate. There is no significant combustible load located
outside of the roof or the east wall of the control building.
Smoke from a fire in areas adjacent to the control room is not expected to affect control room
habitability because of the limited inleakage across CRE boundaries. If a fire occurred in
adjacent spaces, especially the transformer yard, procedures direct the control room operators
to actuate the EMERGENCY mode of operation, thus isolating the control room and
preventing smoke from outside being brought into the control room by the normal HVAC
system.
Redundant dampers make this isolation function single failure proof. If, by some extreme
circumstances, excessive smoke entered the control room from fire in an adjacent area, there
are three paths available for operators to exit the control building and from there proceed to
the alternative shutdown panels:
1. through the main control room door to the turbine building operating level.
2. through the back door to the stairwell, relay room, and then to the mezzanine level of the
turbine building.
3. through the back door to the stairwell, relay room, and then through the relay room annex to
the outdoors.
It is not credible for a single fire event to simultaneously admit excessive smoke to the control
room and obstruct all three of these pathways; thus the design objective is met.
6.4.3.4

Protection from Temperature Extremes

Design of the CREATS system included calculations of the heating and cooling loads for use
in sizing the electric heaters and the cooling system. The installed capacity is capable of
maintaining the control room temperature approximately 70-74F under any credible outdoor
temperature extremes.
6.4.4

TESTS AND INSPECTIONS

Surveillance testing of filters and isolation dampers is performed in accordance with
Technical Specification requirements and assures compliance with the filtration efficiencies
assumed in dose calculations. The testing frequency for the Control Room Emergency Air
Treatment System (CREATS) is defined in the Technical Specifications and the Ventilation
Filter Test Program.
Pressure drop testing at the design flow rate, Freon testing, dioctylphthalate (DOP) testing,
charcoal efficiency testing, and compliance with the performance requirements will ensure
the operability of the control room Emergency Air Treatment System (CREATS) should it be
required. The charcoal efficiency test environment (temperature & humidity) is well above
that which is likely to be encountered in the control room under normal or accident
conditions.
A successful tracer gas inleakage test of the entire CRE was performed in February 2005
(Reference 7). Reference 13 established surveillance requirements for the CRE, and the
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requirement for a control room habitability program to manage and maintain the CRE. The
program requirements are consistent with Reference 14.
6.4.5

INSTRUMENTATION REQUIREMENT

All instruments and circuits that actuate the EMERGENCY mode are redundant to protect
from a single active failure. There are two trains of Safety Injection (SI), two each of the
radiation, chlorine, and ammonia monitors, and two pushbuttons for manual isolation. A trip
signal from any one of these devices will isolate the CREZ and actuate CREATS. Technical
Specifications and the Technical Requirements Manual include required actions to be taken
when these instrument channels are inoperable.
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Table 6.4-1
CONTROL ROOM HABITABILITY RADIOLOGICAL EVALUATION ASSUMPTIONS AND RESULTS
Parameter
Reactor power

1811 MWt

Control room volume

36,211 (ft3)

Control room filtered recirculation flow rate (cfm)

6000 cfm (one train)

Control room iodine removal efficiency (%)
Elemental

94 %

Organic

94 %

Particulate

99 %
300/250 cfm

Control room unfiltered inleakage (cfm)a
Time to switch from normal control room HVAC to
accident mode (sec)

60 seconds

Control room normal HVAC intake flow rate (cfm)
< 60 seconds

2200 cfm

60 seconds

0.0 cfm

Control room emergency HVAC intake flow rate (cfm)
Control room breathing rate

0.0 cfm
3.47 x 10-4 m3/sec

Control room occupancy factor (fraction of time)
0-1 day

1.0

1-4 days

0.6

4-30 days

0.4

Atmospheric Dispersion Factor (sec/m3)
Control Room
a.

Accident and release point dependent
- see analysis of record

300 cfm assumed for all DBAs with exception of LBLOCA, which assumes 250 cfm.
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CONTROL ROOM DOSE ANALYSIS SUMMARY REM TEDE
Accident
Large Break LOCA

Analysis of Record

Control Room Dose (Limit 5
Rem TEDE

DA-NS-2001-087, Rev.4 and
ECN ECP-13-000048-CN-085,
also see UFSAR Section
12.4.3.3.15

3.95 + 0.36 = 4.31
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CONTROL ROOM DOSE ANALYSIS SUMMARY REM TEDE

Accident

Analysis of Record

Control Room Dose (Limit 5
Rem TEDE

Fuel Handling Accident
(CNMT)

DA-NS-08-050, Rev. 0

4.0416

Fuel Handling Accident
(Auxiliary Building)

DA-NS-08-050, Rev. 0

8.0831E-1

Main Steam Line Break
(Accident Initiated Iodine
Spike)
Main Steam Line Break
(PreAccident Iodine Spike)

DA-NS-2002-007, Rev. 4

5.8E-1

DA-NS-2002-007, Rev. 4

1.7E-1

Steam Generator Tube
Rupture (Accident Initiated
Iodine Spike)

DA-NS-2001-084, Rev. 3

2.4E-1

Steam Generator Tube
Rupture (Pre-Accident
Iodine Spike)

DA-NS-2001-084, Rev. 3

9.8E-1

Locked RCP Rotor

DA-NS-2002-054, Rev. 2

1.87

Control Rod Ejection

DA-NS-2002-050, Rev. 2

SFP Tornado Missilea

DA-NS-2002-019, Rev. 3

1.83
3.38E-1 (Isolation Filtration)
6.3E-1 (No CREATS Actuation)
4.34 (Isolation/No Filtration)

GDT Rupturea

DA-NS-2000-057, Rev. 2

1.15E-1

a.

CREATS is not required to function for protection from these events.
For the SFP Tornado Missile event, three cases were evaluated. The first case evaluates the single
failure of one train of CREATS to actuate on a high readiation signal (3.38E-1 Rem TEDE). The
second case evaluates the case where the radiation monitors do not actuate the CREATS system (6.3E1 Rem TEDE). The third case is a bounding case which assumes multiple failures beyond the design
basis (4.34 Rem TEDE). Because the radiation monitors were not evaluated to actuate during this
event, and the third case is beyond design basis, the second case (5.14E-1 Rem TEDE) is considered to
be the analysis of record.
NOTE: For the Main Steam Line Break (MSLB) and Steam Generator Tube Rupture (SGTR) accidents
two separate cases were analyzed. One assumes a pre-accident iodine spike up to the Technical
Specification limit of 60 uCi/gm. The second assumes a post-accident (accident initiated) Iodine spike
factor of 335 for the SGTR, and a factor of 500 for the MSLB.
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Table 6.4-2
CORE ACTIVITIESa
Isotope

Activity (Curies)

I-131

4.14 x 107

I-132

6.03 x 107

I-133

8.54 x 107

I-134

9.36 x 107

I-135

7.97 x 107

Kr-85m

1.11 x 107

Kr-85

4.98 x 105

Kr-87

2.13 x 107

Kr-88

3.00 x 107

Xe-131m

4.61 x 105

Xe-133m

2.50 x 106

Xe-133

8.16 x 107

Xe-135m

1.67 x 107

Xe-135

2.16 x 107

Xe-138

7.04 x 107

a.

The core activities are based on parameters that are specifically representative of the operation of Cycle
32 (References for Section 6.4: Reference 7, Table 2).
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6.5
6.5.1
6.5.1.1

FISSION PRODUCT REMOVAL SYSTEMS
ENGINEERED SAFETY FEATURE FILTER SYSTEMS
Introduction

The installation of charcoal filters in an effluent stream provides an effective means of
removing iodine from the stream and thereby reduces doses due to the effluent release. There
are three areas of Ginna Station where filter systems have been installed and their
effectiveness has been assumed to reduce the consequences of design-basis accidents: the
post-accident charcoal filtration system in the containment, the charcoal filtration system in
the auxiliary building, and the charcoal filtration in the Control Room Emergency Air
Treatment System (CREATS) of the control room ventilation. This section discusses only the
charcoal filtration system in the containment. The containment spray system iodine removal
capability is discussed in Section 6.5.2. The auxiliary building charcoal filtration system is
discussed in Section 9.4.2. The control building charcoal filtration system is discussed in
Section 6.4.2.
The post-accident charcoal filtration system in the containment is part of the containment
recirculation fan cooler (CRFC) system. The post-accident cooling function of the system is
discussed in Section 6.2.2. The filtration aspects of the system are discussed in the following
sections.
6.5.1.2
6.5.1.2.1

Containment Air Filtration System
Design Basis

The air recirculation filtration capacity of the containment recirculation fan cooler (CRFC)
and filtration system is sufficient to reduce the concentration of fission products in the
containment atmosphere following a loss-of-coolant accident (LOCA) such that the exposure
guidelines of 10 CFR 50.67 are met. Details of the exclusion area boundary (EAB) dose
calculations are given in Section 15.6.4.2.5.
The air recirculation filtering capacity used to satisfy the design basis is determined for the
following conditions:
A. Containment leak rate of 0.20 wt % per day.
B. Conservative meteorology corrected for building wake effects.
C. Filtration of iodine was assumed. The assumed iodine removal efficiency is 95% for
particulate.
D. Fission product release to containment is per Regulatory Guide 1.183.
E. Partial effectiveness of the filtration equipment. One train of emergency power is assumed
to fail. This results in one train of containment spray and two containment recirculation fan
coolers (CRFC) operating, one of which supplies air to a carbon-bed filter unit.
In addition to the design basis specified above, the following objectives are met to provide
the engineered safety features functions:
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AA. Each of the four air handling units is connected to a demister and high efficiency
particulate air (HEPA) filters rated for full unit flow and capable of 90% removal
efficiency for
0.3 micron particles at the post-accident design conditions.
BB.

Two of the four air handling units are capable of supplying air to separate carbon-bed
filter units following an accident for fission product iodine removal. The original design
flow rate through each carbon filter unit is 38,000 cfm, at a face velocity of
approximately 40 fpm. During the 1993 (Refueling) outage, the containment
recirculation fan coolers (CRFC) were replaced and as a result, the air flow through each
carbon filter unit was reduced to an estimated low of 33,000 cfm. An analysis was
performed to verify that an air flow as low as 30,000 cfm, at a face velocity of
approximately 30 fpm, through each unit was satisfactory for iodine removal efficiency
requirements. Subsequent to that time, Amendment 87 (References 21 and 22) to the
Ginna operating license implemented the Alternate Source Term method of dose
calculations per Regulatory Guide 1.183. This methodology of analysis considers a
decreased importance in gaseous iodine and an increased importance on particulate
iodine. Consequently, although the charcoal filters still serve to reduce dose, Ginna's
dose analysis no longer credits the charcoal filters in the dose analysis to maintain
control room and off-site doses within limits. However, because the system has not been
physically modified, the system is required to mechanically function to ensure the correct
air flows are present for the heat removal and particulate filtering functions to remain
valid.

6.5.1.2.2
6.5.1.2.2.1

System Design
General Description

The containment recirculation fan cooler (CRFC) system consists of four air handling
systems, each including motor, fan, cooling coils, moisture separators and HEPA filters, duct
distribution system, and instrumentation and controls. The units are located on the
intermediate floor between the containment wall and the primary compartment shield walls.
Two of the four air handling systems are equipped with activated charcoal filter units,
normally isolated from the main air recirculation stream, through which the air-steam mixture
is bypassed to remove volatile iodine following an accident. The filter units are located on a
platform above the operating floor.
6.5.1.2.2.2

Charcoal Filters

Each of the two charcoal filter units consists of an airtight plenum containing two banks of
charcoal filter cells. Air flow enters the plenum through two holes in the bottom (one at each
end), passes through the charcoal filter banks to the center, and is exhausted from the plenum
through a single hole in the top.
The individual filter cells are the flatbed type of construction, with two 2-in. thick horizontal
charcoal elements separated by a 2-in. air gap. The sides and back of the cell are enclosed by
solid (unperforated) stainless steel sheet metal; the larger (horizontal) surfaces are enclosed
by perforated stainless steel sheets. An unperforated stainless steel sheet seals the front edge;
this sheet is slightly larger than the basic filter dimensions in order to prevent flanges from
clamping in the mounting frame. Several rectangular slots are cut in the front face to permit
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air flow. Each filter cell provides approximately 7.9 ft2 of active surface area for air flow
(both elements) and contains approximately 1.32 ft3 of charcoal.
During operation, air flows vertically downward through the top surface of the filter and
upward through the bottom surface, enters the air space between the two charcoal elements,
and is discharged through the slots in the front face.
Each filter bank consists of 60 cells in a 4 wide by 15 high array. The mounting racks
arrangement permits removal of individual cells from the center of the plenum.
6.5.1.2.2.3

HEPA Filters

The original HEPA filter cells are fabricated with cadmium-plated steel frames, glass fiber
media containing less than 5% binder (by weight), and waterproof asbestos separators. The
binder used in the preparation of the filter media is an acrylic compound that imparts a very
high degree of water repellency to the media fibers. The repellency effect is such that the
media can support a 30-in. column of water with no penetration. By comparison, normal
pressure drop is approximately 1 in. of water at rated flow. Thus, any sodium hydroxide that
enters the HEPA filter via entrained moisture is unable to penetrate or react with the binder.
The glass fiber media itself is chemically inert, as is the neoprene base adhesive used to seal
the media folds to the filter frame.
All of the original HEPA filter cells were replaced during the 1993 refueling outage and
subsequent outages, with the last cells being replaced during the 1999 refueling outage. The
replacement HEPA filter cells are fabricated with type 409 stainless steel frames and vinylcoated aluminum separators. An analysis was performed to verify that vinyl-coated
aluminum separators are acceptable for loss-of-coolant accident considerations and that the
type 409 stainless steel in the cell sides is an acceptable material upgrade.
6.5.1.2.2.4

Protection From Sodium Hydroxide Attack

The pleated separators used in the original HEPA filters are made of asbestos and are water
proofed during manufacture with sodium silicate solution. Both the asbestos and the sodium
silicate are impervious to attack by sodium hydroxide. The aluminum separators used in the
replacement HEPA filters are vinyl coated during manufacture. The vinyl coating prevents
reaction between the aluminum separator and sodium hydroxide. Note that all of the original
pleated separators have been replaced with the vinyl coated type, as the asbestos material is
no longer available from the manufacturer.
The gaskets installed between the HEPA filter cells and the supporting frame-work are made
of neoprene rubber, which is resistant to attack by sodium hydroxide solution. In addition,
the exposed surface area of the gasketing is very small. The larger flat sides of each gasket
are compressed between the flat metal surfaces of the joined members; only the narrow edges
are exposed to the air-steam mixture. Extensive deterioration of the gasket would have to
occur before its inner load-bearing region would be affected. Type 409 stainless steel, which
is used in the cell sides of the replacement HEPA filters, is impervious to attack by sodium
hydroxide.
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Neoprene rubber gaskets are also used to join the stainless steel charcoal filter cells to the
supporting framework.
All exposed carbon steel surfaces of the recirculation-filtration equipment are protected
against sodium hydroxide reaction by a special painting treatment. These include the
containment recirculation fan cooler (CRFC) filter and charcoal filter plenums, fan casing, fan
motor and filter, and cooling coil support framework. The painting treatment consists of one
coat of Carbonized 11, an inorganic zinc primer applied over sandblasted metal surfaces,
followed by a finish coat of either polyamide-cured resin or modified phenolic type paint.
6.5.1.2.2.5

Fire Protection

The absolute (HEPA) filters are of the self-extinguishing type. The charcoal filter units are
provided with high-temperature detectors (see Section 6.5.1.2.5) and associated alarms in the
control room. The possibility of a charcoal filter burning following the maximum credible
accident could not be completely excluded. Accordingly, an analysis was performed to
determine the potential dose consequences which could be expected if a filter were to burn at
some time after the initiation of the maximum credible accident, thereby releasing all of its
adsorbed iodine to the containment. If it is assumed that only two of the four filters (i.e., one
post-accident charcoal filter unit) have adsorbed 25% of the total core iodine and that at least
one continues to remove iodine at an efficiency of 90% (assuming 5% is unfilterable), the
additional dose would not exceed 50 rem in 2 hours at the exclusion area boundary (EAB).
An additional 2 rem in 30 days could be expected at the low population distance. It was
concluded that this improbable circumstance would not result in excessive offsite doses. The
containment charcoal filter dousing system can be manually initiated if a fire is detected, but
evaluation has shown that the system is not required to mitigate the consequences of any
analyzed transients or accidents and therefore, operation of the system is determined to be
beyond design basis requirements. Although the above analysis provides informational value,
the charcoal filters are not credited in the dose analysis under Alternate Source Term
(AST). A loss of either or both filters would have no impact on estimated dose for the design
basis accidents provided that adequate air flow continued through the CRFC unit for HEPA
and cooler operation.
Each charcoal filter unit is also provided with spray system capability for water dousing upon
a signal of high temperature. The borated spray water is provided from the containment spray
supply header. Initiation of dousing is carried out manually by the operator. Any significant
air temperature rise in the plenum will be readily sensed by the temperature devices because
the heat capacity of air is small and convection currents are easily established even in a
stagnant environment. As a result, only a small quantity of heat would have to be generated
to create sufficient convection to transfer the heat to the nearest detector.
The water dousing system provided with each charcoal filter plenum is designed to drench the
absorbers thoroughly in the extremely unlikely event of a charcoal fire during the postaccident recovery. Borated water for this system is obtained from the main headers of the
containment spray system through a separate 2-in. stainless steel line to each filter plenum.
Two normally closed motor-operated valves in parallel on the 2-in. line can be opened in the
event of a coincident beyond design-basis fire in the filters.
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The spray water distribution system inside the charcoal filter plenums is of all copper
construction. This system provides three individual injection lines, terminating in 3/8-in.
brass nozzles, which spray into the air space between each pair of vertically adjacent
absorber units. The nozzles discharge horizontally to ensure complete wetting of both upper
and lower absorber surfaces. Refer to Figures 6.5-1 and 6.5-2 for details of the filter
installation. If ignition should occur, temperature monitors would initiate an alarm and the
affected bank could be sprayed.
6.5.1.2.3
6.5.1.2.3.1

Design Evaluation
Decay Heat Generation in the Charcoal Filters

In analyzing decay heat generation in the charcoal filter beds, fission product release to the
containment per TID 14844 is assumed, with only one of the two installed charcoal filter units
available for fission product trapping at the time of the loss of coolant. The fission product
heat source includes beta energy from 25% of core halogens, plus self-absorption in the
charcoal of the corresponding gamma energy. Maximum decay heat generation is expected to
occur about 1 hour after the loss of coolant, at which time the available core halogens are
assumed to have been deposited on the charcoal beds. The resulting beta heat source is
conservatively estimated by 2.155 x 1018 MeV/sec, with accompanying gamma energy of
approximately 4.3 x 1018 MeV/sec. The corresponding value as updated for the EPU
(Reference 23) with Alternate Source Term (AST) is estimated to be 5E17 MeV/sec, based on
2% of the core elemental + organic iodine.
6.5.1.2.3.2

Decay Heat Dissipation With Normal Air Flow

By virtue of their granular, packed-bed construction and assumed uniform air flow
distribution across the bed face, the charcoal adsorbers are capable of dissipating the decay
heat generated by the entrapped fission products of service conditions (fans operating) with a
calculated safety margin greater than 2000. That is, ignition would not occur even if the
concentration of beta and gamma heating in the charcoal were more than 2000 times the
predicted maximum value. The prediction itself imposes a hot-spot factor of 10, by assuming
the distribution of fission products in the filter bed results in deposition of the decay energy in
the first 0.2 in. of the 2-in. thick bed.
Additional assumptions upon which these calculations are based are summarized in Table
6.5-1.
Per Reference 23, the decay heat generation rate using the Alternate Source Term (AST) and
EPU was shown to be less than the previous decay heat based on the TID source term.
Therefore, the EPU will not adversely impact decay heat dissipation with normal air-flow.
6.5.1.2.3.3

Decay Heat Dissipation With Loss of Air Flow

It is postulated that all air flow through the charcoal filter unit is lost at the time when maximum
heat generation is attained (about 1 hour after the accident). The adiabatic temperature rise of
the hot layer of charcoal would be about 5.8F/sec. If the actual rise were to occur at this rate,
the hot layer would approach ignition temperature in about 68 seconds; however, the
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temperature switch setpoint (400F) would be reached in approximately 20 seconds. The
resulting control room alarm would alert the operator to the need for actuating the dousing
system. Further temperature rise at this rate would bring the hot layer to the ignition
temperature of 680Fa in an additional 48 seconds.
If the loss of cooling air flow were to occur 24 hours later, the calculated adiabatic
temperature rise of the hot layer would be only 1.16F/sec. The alarm setpoint temperature
would be reached in about 100 seconds, with an additional 340 seconds being required before
the hot layer reached the ignition temperature.
If it is assumed that the trapped fission products are uniformly distributed throughout the 2-in.
charcoal bed depth, the calculated adiabatic temperature rise is approximately 0.58F/sec (1
hour after the accident). The heatup time to the temperature alarm setpoint is thus about 200
seconds and an additional 480 seconds would elapse before the ignition temperature was
reached. With the air flow loss occurring 24 hours later, the adiabatic temperature rise
decreases to approximately 0.12F/sec, requiring about 15 minutes to raise the charcoal
temperature to the alarm setpoint and an additional 39 minutes to reach the ignition
temperature.
No heat losses from the charcoal bed by radiation or conduction through the plenum walls
were assumed in calculating the charcoal heating effects discussed above.
Per Reference 23, the decay heat generation rate using the alternate source term and EPU was
shown to be less than the previous decay heat rate based on the TID source term. Therefore,
the EPU will not adversely impact decay heat dissipation with loss of air flow.
Evaluation has shown that the dousing system is not required to mitigate the consequences of
any analyzed transients or accidents and therefore, operation of the system is determined to be
beyond design basis requirements. Dousing system water flow rate onto the charcoal filter
beds at the minimum (design) value is adequate to remove the fission product decay heat
generated at the maximum rate (1 hour after the accident) without boiling. The calculated
water temperature increase is approximately 90F for minimum dousing spray flow. If the
refueling water storage tank (RWST) at ambient temperature is the source, spray water
boiling cannot occur even if the containment is depressurized. With the external
recirculation system as the source of water, the spray flow inlet temperature to the charcoal
filters is higher than the refueling water temperature, but this condition is accompanied by
containment pressure in excess of the corresponding saturation pressure of the heated spray
water exiting from the charcoal beds; thus, boiling does not occur.
6.5.1.2.4
6.5.1.2.4.1

Tests and Inspections
HEPA Filter Tests

The HEPA filters used in the containment recirculation fan cooler (CRFC) system are
designed and manufactured in accordance with the requirements of ANSI/ASME N509-1980
and Military Specification MIL-F-51068A. They are specified as well for operation in the
post-accident containment environment. Materials used in the filter construction are
a.

The charcoal ignition temperature of 680F has been established on the basis of the manufacturer’s test.
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compatible with the post-accident containment environment. Each filter is subjected to
standard manufacturer’s efficiency and production tests prior to shipment. These include
flow resistance tests, and the standard efficiency-penetration test requiring that penetration
does not exceed 0.03% for 0.3 micron diameter homogeneous dioctylphthalate (DOP)
particles. Evaluation tests on sample filters constructed from the filter medium to
demonstrate retention of strength under wet conditions can be performed as follows:
a. Expose the filter to a flow that is equivalent to the design flow of wet steam and water spray
in a test facility that simulates the actual filter installation. The water would be injected
ahead of the filter with a nozzle designed to produce a fine spray. Free (un-entrained)
moisture is removed by means of a moisture eliminator upstream of the filter, but no
provision is made for removal of entrained moisture entering the filter.
b. Follow the wet flow test in item 1 above, the filter would be dried and tested to demonstrate
that its resistance to flow has not significantly increased.
c. Following the test in item 2 above, the filter would be subjected to the National Bureau of
Standards dust loading test followed by an ultimate strength test with the deposited dust
still on the filter.
The installed HEPA filter banks can be tested periodically by injection of locally generated
DOP aerosol into the air stream ahead of the filter inlet. The downstream DOP concentration
is monitored for indications of abnormal leakage, i.e., defective filter cells, improperly
installed gaskets and clamps, and framing cracks, etc.
6.5.1.2.4.2

Charcoal Filter Tests

The normally isolated units can be retested periodically. Individual unit cells are removable
for periodic sampling.
6.5.1.2.4.3

System Tests

The post-accident charcoal filters will be tested at regular intervals to ensure the capability to
meet accident analysis assumptions even after prolonged periods without use. Testing will
ensure that degradation due to use has not occurred. Mass flow testing of both the charcoal
and the HEPA filters at design flow rates will ensure that the filters have not become plugged
with foreign matter and that design flows can be achieved. Dioctylphthalate (DOP) testing
will ensure that the HEPA filters will adequately remove particulate material
Detailed requirements for in-place testing of the HEPA and charcoal filters are defined in the
Technical Specifications.
6.5.1.2.5

Instrumentation Requirements

Capability for detecting and alarming the presence of fires and localized hot spots in the
charcoal filters is provided by a system employing both temperature switches and resistance
temperature detectors (RTDs). Each charcoal filter plenum (containing two banks of 60
adsorber units each in a 4 wide by 15 high array) is provided with 24 temperature switches.
Twelve switches are uniformly distributed for good coverage in each bank, in a 4 wide by 3
high pattern. The temperature switches are set to close at 400 F and are wired parallel in
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two redundant circuits (12 switches per circuit) to a common alarm in the control room; thus,
closing of a single switch will actuate the alarm to indicate a high temperature condition in the
filter plenum.
In addition, four RTDs are mounted in each plenum for temperature monitoring purposes.
One RTD is located centrally above each charcoal adsorber bank, and one is located in the air
exhaust path from each bank. These devices have a detection range of 0F to 600F, and their
output is connected to a four-point readout in the control room. This arrangement enables
plenum air temperature at each of the four RTD locations to be monitored individually.
6.5.1.3

Generic Letter 96-06 Requirements

Generic Letter (GL) 96-06 (Reference 12) and GL 96-06, Supplement 1 (Reference 13),
alerted licensees to three issues of concern related to equipment operability and containment
integrity involving; water hammer in the cooling water systems serving the containment
recirculation fan coolers (CRFCs), two-phase flow conditions in the cooling water systems
serving the CRFCs, and thermally induced overpressurization of isolated water-filled piping
sections penetrating containment. RG&E’s evaluation of these issues was provided to the
NRC in Reference 14 and is summarized below:
A. During loss of offsite power coincident with design-basis accident conditions (loss-ofcoolant accident or main steam line break), water hammer in the service water (SW) system
associated with the containment recirculation fan coolers (CRFCs) is not a concern.
Evaluation showed that the austenitic stainless steel CRFC tubes will be able to withstand
peak pressures associated with water hammer and that the U-bend configuration in the
service water inlet and outlet piping of each CRFC at the penetrations will assure a heated
buffer or transition region to prevent cold service water from trapping steam voids that
formed inside the tubes or in their vicinity.
B. During design-basis accident conditions, two-phase flow in the service water system
associated with the CRFCs will not occur for the two service water pump mode of
operation. For the one service water pump mode of operation, a low probability exists for
voiding at the "C" CRFC cooler discharge and for flashing to steam in the service water
piping downstream of the discharge orifice. Analyses have shown that flow readjustment is
expected to increase backpressure at the CRFCs to protect the tubes from steam binding
and that reduced flow will result in an increase of backpressure at the coils assuring that
two-phase flow does not develop at the coils or tubes. In either case, the reduced flow was
found to still meet required heat removal rates. With one or more CRFCs out of operation
(i.e., fan is off), there is a slight possibility that water hammer can occur at the 14 in. service
water discharge header. However, the effects of such water hammer are mitigated by the
heat transfer at the tubes which causes an increased exit temperature of the service water as
it arrives at the discharge header.
Review of all safety-related systems inside containment that are needed to mitigate
design-basis accident conditions showed several that may be subject to thermal
overpressurization. The review included all containment penetrations and non-safetyrelated systems that could interact with safety-related systems. As a result, the
containment spray charcoal filter deluge line and the lines at penetrations 121a, 307, and
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324 were modified through the installation of thermal relief valves and the lines at
penetrations 205, 206a, and 207a were modified through the installation of bypass lines
with check valves. These new installations will function to maintain pipe stresses within
allowable limits and relieve pressure to below allowable code limits during post-accident
containment heatup.
6.5.1.4

Generic Letter 99-02 Requirements

Generic Letter (GL) 99-02 (Reference 15) alerted licensees that testing nuclear-grade
activated charcoal to standards other than American Society for Testing and Materials
(ASTM) D3803-1989, "Standard Test Method for Nuclear-Grade Activated Carbon", does
not provide assurance for complying with NRC requirements. NRC requested that all
licensees should amend their Technical Specifications (TS) to reference ASTM D3803-1989.
RG&E provided a response to this GL (Reference 16) in which RG&E committed to submit a
proposed TS amendment request to require testing in accordance with the ASTM D38031989 protocol.
RG&E submitted an application for amendment to the Ginna Station TS (Reference 17). The
NRC staff reviewed RG&E’s response and stated (Reference 18) that the NRC considers GL
99-02 to be closed for Ginna Station. The license amendment request was approved by the
NRC (Reference 19) and revises Ginna Station TS 5.5.10, "Ventilation Filter Testing
Program", to meet the actions requested by GL 99-02. Subsequent to this, Amendment 87
(References 21 and 22) negated the need to test the efficiency of the containment charcoal
filters.
6.5.2

CONTAINMENT SPRAY AND NAOH SYSTEMS

The containment spray system as a post-accident pressure reducing system is discussed in
Section 6.2.2.
In addition to depressurization, the containment spray system (in conjunction with the NaOH
system) is effective in scrubbing fission products with the sodium hydroxide additive. The
operation and the effectiveness of the containment spray and NaOH systems as a fission
product trapping process is discussed below.
6.5.2.1
6.5.2.1.1

System Design and Operation
Spray Additive Tank

The sodium hydroxide solution is stored in the spray additive tank. This austenitic stainless
steel tank has a total capacity of 5100 gallons. The minimum volume of 30% to 35% by
weight of sodium hydroxide solution to be maintained is 3000 gallons. The design pressure
and temperature of the tank are 300 psig and 300F. An inert nitrogen blanket is maintained
over the tank’s liquid volume to minimize long-term degradation of the sodium hydroxide.
Since the tank is not vented to atmosphere, the tank design includes two (2) vacuum breakers.
The purpose of the vacuum breakers is to allow air to enter the tank when the pumps are
running, to avoid excessive vacuum from being developed which could potentially cause the
pumps to work harder and potentially implode the tank.
The spray additive tank supports were modified to withstand loads corresponding to the
operating-basis earthquake and safe shutdown earthquake in accordance with ASME Code,
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Section III, 1980, through Summer 1982 Addenda. The modifications resulted from the SEP
review, Topic III-6, Seismic Upgrade.
The two control valves on the sodium hydroxide tank outlet will open automatically upon
receipt of a containment spray actuation signal. Also, these control valves may be operated
by position switches located on the control board. On a loss of instrument air or electrical
power to the controller, these valves fail open.
A spray additive tank low level of 90% will sound an alarm in the control room. Sodium
hydroxide tank level (0-100%) and sodium hydroxide flow (0-50 gpm) are NaOH system
parameters that are measured and provide indication in the control room. In addition, sodium
hydroxide tank level (0-100% at the sodium hydroxide tank) and sodium hydroxide tank flow
(0-50 gpm) are NaOH system parameters that provide local indication.
6.5.2.1.2

Effect of Sodium Hydroxide and Boric Acid Mixing

During post-accident operation of the containment spray and NaOH systems, dilution and
partial neutralization of the sodium hydroxide additive occurs in two stages: first, as the
sodium hydroxide mixes with refueling water in the containment spray pump suction piping,
and second as the containment spray solution combines with emergency core cooling water in
the containment sump during the recirculation phase.
In the early minutes of the sump mixing stage there is potentially an excess of H3BO3 due to
the introduction of the accumulator contents and the inventory of the reactor coolant system.
During the injection period, which may last 25 minutes to more than an hour, boric acid and
sodium hydroxide are mixed and added to the containment via the containment spray headers.
During the injection phase, the pH of the spray estimated for the original plant design was in
the range of 8.3 to 9.1, based upon a boron concentration of 2000 to 2300 ppm. Subsequent
to the conversion to an 18 month fuel cycle, the Extended Power Uprate (EPU) and the
associated higher boron concentration of 2750 to 3050 ppm, the sprayed liquid upper pH
value was determined to be 9.90 , which is within the limit of 10.5 specified in Standard
Review Plan 6.5.2. Sodium hydroxide may be added by blending with the solution
recirculated from the sump during the post-LOCA recirculation phase, however, procedures
dictate and analysis supports the termination of containment spray prior to entry into the
sump recirculation phase.
Assuming instantaneous mixing (maximum acidification of the iodine-bearing spray
solution), the pH of the combined solution of the spray and in the sump as a function of time
is shown in Figure 6.5-3. This figure is for the original plant design analysis. This analysis
assumed that sodium hydroxide was continued to be added during the recirculation phase until
the sodium hydroxide tank reached its low-level setpoint. It also assumed the refueling water
storage tank (RWST) volume was 230,000 gallons, which was later increased to
300,000 gallons (see Section 6.3.3.3), and a boron concentration less than the current 2300 to
2600 ppm. This figure is retained for historical reference. Post-accident chemistry was
reexamined during the Systematic Evaluation Program under SEP Topic VI-1 (Reference 1).
Figure 6.5-3 also shows the partition coefficient of iodine for both the spray and the sump,
calculated for the combination of pH and maximum iodine concentration that could exist with
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the original design. The data of Eggleton for 312F solutions were used as the basis for
computing the partition coefficient. The results show that retention of absorbed iodine by the
water in the sump is strongly favored from the early moments due to the strong base and weak
acid characteristics of the additives present.
Emergency operating procedures require containment spray to be terminated at the end of the
injection phase and prior to the recirculation phase. An evaluation was performed to
determine the minimum pH in the containment sump if containment spray is terminated after
the injection phase (Reference 2). It was assumed that only one containment spray pump is
operating during the injection phase, which minimizes the volume of sodium hydroxide added
following a design-basis LOCA. It was also assumed that two residual heat removal pumps,
three safety injection pumps, and the one spray pump operate until the refueling water storage
tank (RWST) goes from the 300,000 gallon (88%) level to the 28% level, at which time both
residual heat removal pumps and one safety injection pump are stopped, while the remaining
pumps continue to operate until the refueling water storage tank (RWST) decreases to the
15% level. At this level the remaining safety injection pumps and the containment spray
pump are stopped and transfer to sump recirculation is completed. Containment spray will
have operated for 52.4 minutes and, at a sodium hydroxide eductor suction flow of 20 gpm,
will have injected 1048 gallons of sodium hydroxide. This sodium hydroxide mixed with the
liquid from the refueling water storage tank (RWST), the boric acid storage tanks,
accumulators, and the reactor coolant system resulted in a pH level of 7.8 (Reference 20) in
the containment sump, which is above the minimum pH of 7.0 stated in NRC Branch
Technical Position MTEB 6-1. That analysis included the effect of 6100 lb of 12% H3BO3
from the boric acid storage tanks added during the injection phase. The safety injection
system was subsequently reconfigured to isolate the flow path from the boric acid storage
tanks; therefore, less boric acid is available to mix with contents in the containment sump.
This, combined with the effect of a higher boron concentration of 2750 to 3050 ppm,
resulted in a reevaluation of sump pH for the current range of spray additive tank solution of
30 wt % to 35 wt % (See Section 6.1.2.1.4). A more recent evaluation of sump pH for GSI191 was performed (See Section 6.3.2.1.1) for the purpose of determining the chemical
effects.
The next sections (6.5.2.1.3 through 6.5.2.2.2.4) have not been updated as a result of the
higher boron concentration associated with the conversion to an 18 month fuel cycle EPU or
the lower sump pH used in the dose analysis. Containment spray system pH is discussed in
Section 6.1.2.1.4. The effect of the higher boron concentration has been evaluated by the
Westinghouse (Reference 10 and 20) and found to be acceptable. The iodine removal
coefficients for containment spray have been re-calculated in Reference 11 as follows:
Elemental, hr-1

20

Particulate, hr-1

0 (<1.33 minutes)
3.5 (1.33, <52 minutes
0 (52 minutes)
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The values listed above have been used in the LOCA dose calculations as presented in
Section 15.6.4.2.5.
6.5.2.1.3

Iodine Retention

Since the current dose calculations presented in Section 15.6.4.2.5 were performed using
more current methodology than was utilized in the original licensing of Ginna Station, the
following sections represent the original design only, prior to conversion to an 18 month fuel
cycle in 1996 or the EPU in 2006. The information is retained for historical reference.
The following combinations of equipment will provide sufficient iodine trapping capability to
ensure a post-accident fission product leakage (based on TID 14844 release fractions) that
would not exceed the dose limits of 10 CFR 100.
During the injection phase of the design-basis accident, the pH of the containment spray and
the resulting partition factor is sufficiently large to prevent any significant amount of iodine
from being re-emitted from the sump during the short period of time it takes the sump pH to
reach 8.0. Note that at 5 minutes after the start of spray injection, the minimum mixed pH of
the sump, i.e., with maximum dilution of spray additive by the boric acid coolant in the sump,
is 6.83. The corresponding partition of iodine would result in retention of 74% of the iodine
in the liquid phase. Since the theoretical removal rate by spray (Section 6.5.2.2) is
approximately 30 hr-1, 5 minutes of spraying would ideally remove about 90% of the
available iodine, indicating partial restriction of performance by re-emission if complete and
instantaneous mixing were to occur. Realistically, mixing will be less than perfect; hence, the
iodine laden water will be at a higher than average pH, and retention will be more favorable.
It is concluded that any limitation imposed by the pH history of the sump would be shortlived and would probably influence only the theoretical and not the practical removal rate to
any substantial degree.
The fraction of the free volume of the containment that is not washed by containment sprays
is about 22%. In the analysis of spray effectiveness as an iodine absorber, (Section
6.5.2.2.2.1, Equation 6.5-6), a conservative allowance is made for this fact by assuming that
the only free volume available for contact and dilution between gas and falling droplets is the
volume between the operating deck and the spray headers. The containment recirculation fan
cooler (CRFC) system minimizes the difference in iodine concentration between the sprayed
and unsprayed regions by creating a forced interchange of atmosphere at an average turnover
rate of the order of once per minute in the reactor coolant loops compartments.
As discussed in Section 6.5.2.2.2.1, the idealized absorption model for alkaline sodium borate
spray predicts a removal rate constant of 29.6 hr-1 for elemental iodine in the Ginna Station
containment. It is to be expected that some deviations from this model may occur; however,
due to the large heat removal duty imposed on the sprays, the design of the system provides a
greater flow and dispersal of spray solution than is required to meet the iodine removal
objectives. The magnitude of this margin is expressed by the fact that a removal constant of
only 3 hr-1 is sufficient to reduce the exclusion area boundary (EAB) dose to 300 rem in the
first 2 hours.
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An order-of-magnitude deviation of spray performance would be required in order to prevent
the spray system from meeting this design goal; therefore, from a performance point of view,
the spray system design is adequately justified by Containment Systems Experiment and
Nuclear Safety Pilot Plant tests which have shown iodine removal to follow very closely the
idealized gas-film controlled model prediction.
For evaluation purposes, a conservatism factor of about 2 is adequate to reflect concern for
coalescence effects which may occur in the extrapolation from these tests to the full-scale
containment.
Additional safety is inherent in the fact that the charcoal filters in the containment
recirculation fan cooler (CRFC) system represent an independent means of iodine removal
that is also capable of satisfying the regulatory requirements with no help from containment
spray. The system capacities are such that the single-failure criterion is met assuming
operation of both containment spray trains, both charcoal filters, or one containment spray
train and one charcoal filter.
6.5.2.2
6.5.2.2.1
6.5.2.2.1.1

Iodine Effectiveness Evaluation of the Containment Spray and NaOH Systems
Purpose of Chemical Modification
Thermal Capacity

The containment spray system is one of the engineered safety features systems employed
following a LOCA inside the containment to reduce the pressure and temperature of the
containment atmosphere. The flow rate and inlet subcooling of the spray are sufficient to
provide thermal capacity for condensing steam produced by dissipation of heat in the reactor
and its associated systems. Minimum operability of this system with onsite power and under a
single component failure contingency will prevent pressurization of containment above the
design pressure.
6.5.2.2.1.2

Absorption of Iodine in Refueling Water Spray

The containment spray and NaOH systems, by virtue of the large surface area provided
between the liquid droplets and the containment atmosphere, afford an excellent means of
absorbing the soluble components from the gas phase. If the solubility of the component is
sufficiently high, the rate of absorption is limited only by the mass transfer rate of the
absorbing species through the gas film. In the case of I2 vapor, elimination of all but the gas
film resistance would permit the absorption by sprays to proceed with a removal half-life of
less than 2 minutes, as will be shown later; however, the solubility of I2 in the refueling water
used as spray is limited, in acidic solution, as indicated by the partition coefficient given
below (Reference 3):

(Equation 6.5-1)
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While this coefficient corresponds to an equilibrium-favoring solution of 60% to 80% of the
iodine by the liquid (considering the gas/liquid volume ratios of conventional PWR
containments), it is expected that the liquid phase mass transfer resistance would severely
limit the removal rate. Assuming a liquid film coefficient of 0.001 cm/sec and a gas film
coefficient of the order of 10 cm/sec, the overall mass transfer coefficient, VT, is obtained as
follows:

(Equation 6.5-2)
VT =

0.079 cm/sec

If the I2 were infinitely soluble (Kc is approximately 0), the value of VT would approach 10
cm/sec in this example.
6.5.2.2.1.3

Iodine Absorption with Sodium Hydroxide Addition

To obtain the advantages of an order-of-magnitude improvement of absorption rate and nearly
complete removal of I2 at equilibrium, the chemistry of the spray solution is modified by
adding NaOH, raising the pH to 9.5. According to the known behavior of elemental iodine in
highly dilute solutions, the hydrolysis reaction,

(Equation 6.5-3)
proceeds nearly to completion (Reference 4) at pH greater than 8. The iodide form is highly
soluble and HIO readily oxidizes to IO3 - in the oxygenated medium, this form being likewise
soluble:

(Equation 6.5-4)
Griffith (Reference 3) suggested that the use of chemical additives which undergo ionic
reactions with aqueous I2 would improve the absorption rate to the point where the gas film
mass transfer resistance became limiting, implying that KC/VL is much less than 10-4.
Griffith's paper called attention to sodium thiosulfate (Na2S203) as a likely reagent for this
purpose and mentioned NaOH as another candidate. Subsequent experiments in a spray
medium have shown that both additives bring about absorption rates indicative of gas film
control, verifying the desired rate capability.

The selection of NaOH instead of Na2S203 for this application followed an evaluation
program which revealed certain disadvantages for Na2S203. The results of this evaluation
program are included in the Proprietary Westinghouse report, WCAP 7153, March 1968.
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By contrast, the same testing program revealed no instability of the solution formed by adding
NaOH alone to the borated spray. Corrosion rates of copper and copper-alloy heat exchanger
tubing were reduced by more than an order of magnitude compared with high pH Na2S203
and were acceptably low (less than 0.01 mil/month at 200F) for the application. These tests
showed that pitting or local corrosion did not occur.
6.5.2.2.1.4

Spray Absorption Process for Iodine Removal

Therefore, for engineering reasons, further testing was centered on the use of NaOH as the
spray additive, leading to the development of a technical basis for its inclusion in the plant
engineered safety features as a means of fixing absorbed iodine, enhancing the natural rate of
the deposition of I2, and thus lowering the calculated offsite thyroid dose resulting from a
postulated release of fission products to the containment atmosphere. In summary, this work
supports the following conclusions comprising the technical basis for the spray absorption
process for iodine removal:
a. The conversion of absorbed I2 to I and IO

2

in pH 9.5 borate solution is quite rapid, such

that the absorption process is gas film diffusion controlled.
b. Mass transfer follows the Ranz-Marshal rate equation (Reference 5) for soluble gases, as
demonstrated by containment simulation tests performed with a nozzle design, atmospheric
conditions, iodine concentration, and spray chemical composition in close approximation to
the design-basis accident.
c. Under a range of conditions bracketing the possible accident modes, the spray experiments
and calculations show that the iodine removal process is irreversible (i.e., Kc is not reduced
with time if pH is maintained), is compatible with the vital materials and processes of the
containment system, and shows high mechanical reliability.
6.5.2.2.2
6.5.2.2.2.1

Technical Basis for Iodine Removal Factor
Analytical Model and Assumptions

The removal of a soluble component by a reactive spray under conditions of a constant mass
transfer rate coefficient is exponential:

(Equation 6.5-5)
The removal constant s can be expressed as the product of a mass transfer coefficient, vG,
and the effective absorbing surface area, A.
In addition to the basic assumption that the absorption is gas-film resistance controlled, the
following idealizations are made to simplify the physical model:
a. All droplets behave as spheres or diameter equal to that of the surface-mean diameter
droplet, d.
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b. Droplets fall at their terminal velocity, ut, from the spray nozzle to the operating deck, a
distance h.
c. Iodine concentration in the gas is uniform.
The effective absorbing area is then calculated as follows:

(Equation 6.5-6)
where:

A=

absorbing area per unit volume

F=

volumetric spray flow rate

Vc =

containment free volume

For a given droplet size, the terminal velocity and the mass transfer coefficient are
temperature and pressure dependent. In the expression for s, then, these variables can be
treated as a dimensionless ratio:

(Equation 6.5-7)
When the remaining parameters are expressed in engineered units, s in reciprocal hours is
given by the following equation:

(Equation 6.5-8)
where:

F=

spray flow gal/minute

h=

fall height, ft

Vc =

volume, ft3

d=

droplet diameter, cm

For the various classes of Westinghouse PWR containments, the following values of the
physical parameters are conservatively approximated as follows:

Two loop

F

h

VC

d

Fh/VCd

1,250

70

970,000

0.1

0.90
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F

h

VC

d

Fh/VCd

Three loop

880

77

2,100,000

0.1

0.32

Four loop

2,340

104

2,600,000

0.1

0.94

The value of VG/ut for 0.1 cm droplets in a saturated air-steam atmosphere of pressure Pa is
plotted in Figure 6.5-4. These data are obtained from ORNL TM-1911 (Reference 6). It is
apparent that as pressure decrease during the post-accident period, the value of VG/ut, and
hence the removal coefficient s, will increase; therefore, the removal rate is underestimated
by assuming, for purposes of analysis, the value of this ratio at the design condition of the
containment. The results, calculated from Equation 6.5-8, are as follows:

Two loop (60 psig, 286F)

0.0224

s (hr-1)
29.6

Three loop (42 psig, 264F)

0.0236

11.1

Four loop (47 psig, 270F)

0.0231

32.0

VG/ut

a.

Defined as the mixture of air and steam produced by adding steam to dry air at an initial temperature of
30C and one atmosphere pressure, at constant volume.
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6.5.2.2.2.2

Removal of Elemental Iodine

The half-life for removal of elemental iodine is obtained from the following expression for
exponential decay:
TH =

(0.693 x 3600)/ s (in sec)

The dose reduction factor applicable for elemental iodine is the ratio of the average 2-hr
inventory of I2 without removal to the average with removal. It is given by the following
expression:

(Equation 6.9-1)
The calculated values of s for the three plant types yield the following values of I2 half-life
and I2 dose reduction factor:
TH sec

DRF2

Two loop

84

59

Three loop

225

22

Four loop

78

64
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6.5.2.2.2.3

Removal of Other Airborne Forms of Iodine

Concerning other airborne forms of iodine, the removal mechanisms can be characterized in
the following ways:
a. HI - Hydrogen iodide may constitute an important fraction of the liberated iodine if oxygen
is excluded from the reactor during the melt. The higher diffusivity of HI, compared with
I2, and the fact that favorable partition between vapor and liquid does not require that the
absorbed HI molecule undergo chemical reaction, would lead to removal of HI by sprays no
less rapid than I2.
b. CH3I - A small fraction of the available iodine will exist as organic iodides, of which
methyl iodide is the most important. There is preliminary evidence that absorption and
chemical decomposition of CH3I occurs in the reference spray solution. The rate of
absorption, which is expected to be liquid film diffusion of liquid-phase reaction inventory
of CH3I vapor is less than the probable error in predicting that inventory. No credit for
removal is taken in calculating the 2-hr dose due to organic iodide leakage. (See Section
15.6.3.5.)
c. Particles - Spray may have an important effect on particle removal by increasing the rate of
steam condensation. When the bulk flow of steam to the condensing surface is great
enough to mask the diffusive motion of particles, as would be the case when cold droplets
contact the containment atmosphere during the high-steam period, sub-micron particles are
efficiently captured by the spray (Reference 7). Larger particles would be removed by
HEPA filters or would agglomerate and settle out by gravity, reducing their importance as a
potential leakage source, if they could penetrate the leakage path at all. In evaluating the
potential benefit of sprays in reducing post-accident iodine leakage, no quantitative
consideration is given here to particle removal by condensation because the phenomenon is
independent of the chemical modification of the spray solution.
6.5.2.2.2.4

Experimental Verification

The droplet size assumed in the spray calculations summarized above was 0.10 cm or 1000
microns. The spray pattern produced by a 3/8-in. aperture ramp bottom nozzle of the type
used in these facilities was measured photographically at various operating nozzle pressures.
A statistical analysis of the droplet images produced the following results:

Pressure (psi)

Flow Rate

Number Average
(diameter, microns)

20
30

Surface Average
(diameter, microns)
1340

12.9

830

1126

40

1012

50

961
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The spray system is designed to deliver rated flow with a minimum available nozzle pressure
of 40 psi above the containment design pressure. Generally, the nozzle pressure will be more
than 40 psi above the actual containment pressure, making the assumption of 1000 microns a
realistic one.
A more meaningful demonstration of effective droplet size and verification of the overall
mass transfer model is obtained from the spray test program at the Nuclear Safety Pilot Plant.
Data from these tests are published through the regular Oak Ridge National Laboratory
reporting channels (References 8 and 9). The data treatment in this program uses the same
basic analytical model as has been presented here and the results are entirely consistent with
the premise that I2 absorption by NaOH-HBO3 spray is gas-film controlled.
Applying the removal expression (Equation 6.5-9) to the Nuclear Safety Pilot Plant system
for a typical test condition of 44 psig (266F), the values corresponding to the plant
parameters are as follows:

NSPP

f

h

VC

d

Fh/VCd

15

17

1330

0.100

1.92

The ratio VG/ūt for 0.100 cm droplets in a 44 psig steam-air atmosphere (Figure 6.5-4) is

0.0234, giving s = 66 hr-1 and a half-life of 38 seconds. The half-life observed in Nuclear
Safety Pilot Plant tests at this condition is in good agreement (Reference 9).
To illustrate, the spray absorption rate coefficient, s, has a value of 29.6 hr-1 in the Ginna
Station calculation when no allowance is made for spectrum perturbation by drop
coalescence. Experiments in the Nuclear Safety Pilot Plant and Containment Systems
Experiment have shown reasonable agreement with the model where no such allowance is
made.
Extrapolation to the full-sized plant allows more opportunity for coalescence, but the effect
on absorption rate coefficient was shown to be much less than a factor of 2 in preliminary
analyses.
Since the minimum requirements for removal of inorganic iodine in the Ginna Station
containment is of the order of 3 hr-1, it is not necessary that this aspect of the analysis be
completed in a refined form to show that size distribution effects of the fall height
extrapolation will not violate the system design basis. The large margin between removal
rate predicted and that required is because the spray system size is governed by the heat
removal duty under accident conditions.
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Table 6.5-1
DATA FOR CHARCOAL FILTER EVALUATION
Conditions of Air-Steam Atmosphere
Pressure

75 psia

Temperature entering

286 F

Relative humidity

100%

Velocity normal to bed

40 fpm

Charcoal Bed Characteristics
Mean granule diameter

0.06 in.

Bulk density

33 lb/ft3

Depth

2 in.

Bed dimensions

1.9 ft wide
2.1 ft deep

Heat Source
Fission products

25% of core iodine and bromine (Pre AST)
2% of core elemental + organic iodine (Post
AST)

Beta energy absorption

100%

Gamma energy absorption

68%

Charcoal participating

Initial 0.2 in. of bed
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6.6
6.6.1

INSERVICE INSPECTION OF CLASS 2 AND 3
COMPONENTS
INTRODUCTION

The Inservice Inspection (ISI) Program document describes the program for the current
inspection interval.
The Inservice Inspection (ISI) Program document for Class 2 and 3 components adheres to
the requirements of 10 CFR 50.55a(g) and ASME Boiler and Pressure Vessel Code, Section
XI, except where specific written relief has been granted by the NRC pursuant to 10 CFR
50.55a(g)(6)(i).
As indicated in Reference 1, an augmented inservice inspection program for high-energy
piping outside containment has been established. The inspection program provides for
volumetric examination on all circumferential butt welds situated at design break locations
or at discontinuity locations where probable failure could occur. Surveillance of these welds
can detect material changes in advance of a potential failure, thereby ensuring that the design
basis or consequential main steam or feedwater line break will not occur (see Section 3.6.2.1).
6.6.2
6.6.2.1

INSERVICE INSPECTION PROGRAM SUMMARY
Scope

The specific Class 2 and 3 components to be examined under the program are identified in the
Inservice Inspection (ISI) Program document.
6.6.2.2

Inspection Intervals

The inservice inspection intervals for Class 2 and 3 components are 10-year intervals. The
initial 10-year interval for Class 2 and 3 components commenced May 1, 1973. The second
interval was revised to commence on January 1, 1980, to coincide with the interval of the
Class 1 program (Section 5.2.4). The third 10-year interval commenced on January 1, 1990.
The fourth 10-year interval commenced on January 1, 2000. The fifth 10-year interval
commenced on January 1, 2010. The requirements and distribution of examinations within
the inspection interval is in accordance with the Inservice Inspection (ISI) Plan.
The inservice inspection interval for the high-energy piping outside containment is also a 10year interval of service commencing initially on May 1, 1973, and then revised to commence
January 1, 1980. The third 10-year interval commenced on January 1, 1990. The fourth 10year interval commenced on January 1, 2000. The fifth 10-year interval commenced on
January 1, 2010. The distribution of examinations within the inspection interval is in
accordance with the Inservice Inspection (ISI) Program document.
6.6.2.3

Extent and Frequency

Class 2 and 3 components are examined to the extent and frequency as defined in the
Inservice Inspection (ISI) Plan document.
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6.6.2.4

Examination Methods

Class 2 components are examined by the required visual, surface, or volumetric methods. The
examinations include one or a combination of the following: visual, liquid penetrant,
magnetic particle, ultrasonic, eddy-current, and radiographic examinations, plus visual
leakage examinations. Class 3 components are examined by the required visual or surface
examination methods plus visual leakage examinations are performed. Component supports
are examined by the visual method. High-energy piping welds outside of containment are
volumetrically examined. The required examination methods within this inspection interval
are in accordance with the Inservice Inspection (ISI) Plan.
6.6.2.5

Evaluation of Examination Results

The evaluation of nondestructive examination results for Class 2 and Class 3 components and
component supports are in accordance with the Inservice Inspection (ISI) Plan. The
evaluation of nondestructive examination results for high-energy piping is in accordance with
the Inservice Inspection (ISI) Plan document.
6.6.2.6

System Pressure Testing

System pressure testing shall be performed in accordance with the Inservice Inspection (ISI)
Plan document.
6.6.2.7

Records and Reports

Records and reports developed from the examinations performed under the Inservice
Inspection Plan are maintained in accordance with Article IWA-6000 of the ASME Code,
Section XI.
6.6.2.8

Exemptions

Paragraphs IWC-1220, IWD-1220, and IWF-1230 of the ASME Code, Section XI, exempt
certain components from examinations where certain conditions are met. These exemptions
are applied to the components included in the Inservice Inspection Plan as applicable.
Requests for relief are submitted where it is impossible or impractical to examine or test an
applicable Class 2 or 3 component or system. Current exemptions in this category are
identified in the Inservice Inspection (ISI) Plan document.
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REFERENCES FOR SECTION 6.6
1.

Rochester Gas and Electric Corporation, Effects of Postulated Pipe Breaks Outside the
Containment Building, dated October 29, 1973.
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Figure 6.1-1

Design-Basis Accident, Containment Temperature Profile
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Figure 6.1-2

Design-Basis Accident, Containment Pressure Profile
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Figure 6.1-3

Postaccident Core Materials Design Conditions
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Figure 6.1-4

Containment Atmosphere Total Gamma Dose
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Figure 6.1-5

Containment Atmosphere Total Beta Dose
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Figure 6.1-6

pH of Unadjusted Boric Acid Solutions
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Figure 6.1-7

Titration Curve for Boric Acid With Sodium Hydroxide

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.1-8

Temperature-Concentration Relation For Caustic Corrosion of Austenitic Stainless Steel
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Figure 6.1-9

Aluminum Corrosion Rates in LOCA Environment
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Figure 6.1-10 Post LOCA Containment Hydrogen Production Rate
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Figure 6.1-11 Boron Loss From Boron-Concrete Reaction Following a Design-Basis Accident
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Figure 6.1-12 Post LOCA Containment Hydrogen Production
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Figure 6.2-1

Containment Atmosphere Pressure, Double-Ended Hot Leg Break
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Figure 6.2-2

Containment Atmosphere Temperature, Double-Ended Hot Leg Break
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Figure 6.2-3

Containment Sump Temperature, Double-Ended Hot Leg Break
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Figure 6.2-4

Containment Atmosphere Pressure, Double-Ended Pump Suction Break - Minimum Safeguards
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Figure 6.2-5

Containment Atmosphere Temperature, Double-Ended Pump Suction Break Minimum Safeguards
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Figure 6.2-6

Containment Sump Temperature, Double-Ended Pump Suction Break - Minimum Safeguards
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Figure 6.2-7

1.4-Ft2 Break Case With 70% Power and Vital Bus Failure Assumed, Containment Pressure Versus Time
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Figure 6.2-8

1.4-Ft2 Break Case with 70% Power and Vital Bus Failure Assumed,
Containment Steam Temperature Versus Time
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Figure 6.2-9

1.1-Ft2 Break Case 25B With 102% Power and Diesel Failure Assumed, Containment Steam Temperature Versus Time
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Figure 6.2-10 Reactor Containment Fan Cooler, Accident Versus Normal Air Flow
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Figure 6.2-11 Figure DELETED
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Figure 6.2-12 Figure Deleted
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Figure 6.2-13 Steam Generator Inspection and Maintenance Cabling Access Penetration 2

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-13a Fuel Transfer Tube Penetration 29
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Figure 6.2-14 Reactor Coolant System Charging Line Penetration 100
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Figure 6.2-15 Safety Injection System Pentrations 101, 110b, and 113
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Figure 6.2-16 Alternate Charging Line Penetration 102
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Figure 6.2-17 Construction Fire Service Water Penetration 103
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Figure 6.2-18 Containment Spray Header A Penetration 105

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-19 Reactor Coolant Pump A Seal Water Line Penetration 106
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Figure 6.2-20 Sump A Discharge Penetration 107
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Figure 6.2-21 Reactor Coolant Pump Seal Water Return and Excess Letdown Penetration 108
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Figure 6.2-22 Containment Spray Header B Penetration 109
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Figure 6.2-23 Reactor Coolant Pump B Seal Water Line Penetration 110a
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Figure 6.2-24 Residual Heat Removal to Loop B Cold Leg Penetration 111
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Figure 6.2-25 Letdown Line from Reactor Coolant System Penetration 112
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Figure 6.2-26 Standby Auxiliary Feedwater to Steam Generators A and B Penetrations 119
and 123b
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Figure 6.2-27 Nitrogen to Accumulators Penetration 120a
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Figure 6.2-28 Pressurizer Relief Tank Gas Analyzer Penetration 120b
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Figure 6.2-29 Pressurizer Relief Tank Makeup Water Penetration 121a
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Figure 6.2-30 Pressurizer Relief Tank N2 Penetration 121b
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Figure 6.2-31 Containment Pressure Transmitters PT-945 and PT-946 Penetration 121c
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Figure 6.2-32 Reactor Coolant Drain Tank to Gas Analyzer Penetration 123a
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Figure 6.2-33 Component Cooling Water to and from Excess Letdown Heat Exchanger Penetrations 124a and 124c
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Figure 6.2-34 Containment Postaccident Air Sample (C Fan) Penetrations 124b and 124d

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-35 Component Cooling Water from Reactor Coolant Pump 1B Penetration 125
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Figure 6.2-36 Component Cooling Water from Reactor Coolant Pump 1A Penetration 126

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-37 Component Cooling Water to Reactor Coolant Pump 1A Penetration 127
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Figure 6.2-38 Component Cooling Water to Reactor Coolant Pump B Penetration 128
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Figure 6.2-39 Reactor Coolant Drain Tank Gas Header Penetration 129
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Figure 6.2-40 Component Cooling Water from and to Reactor Support Coolers Penetrations
130 and 131

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-41 Mini-Purge Exhaust Penetration 132
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Figure 6.2-42 Residual Heat Removal from Loop A Hot Leg Penetration 140
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Figure 6.2-43 Sump B to Reactor Coolant Drain Tank Pump A Penetration 141
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Figure 6.2-44 Sump B to Reactor Coolant Drain Tank Pump B Penetration 142
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Figure 6.2-45 Reactor Coolant Drain Tank Discharge Penetration 143
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Figure 6.2-46 Reactor Compartment Cooling Unit A Supply and Return Penetrations 201a
and 209b
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Figure 6.2-47 Reactor Compartment Cooling Unit B Supply and Return Penetrations 201b
and 209a
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Figure 6.2-48 Hydrogen Recombiner B (Main and Pilot) Penetrations 202a and 202b
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Figure 6.2-49 Containment Pressure Transmitters PT-947 and PT-948 Penetration 203a
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Figure 6.2-50 Figure DELETED
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Figure 6.2-51 Purge Supply Penetration 204
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Figure 6.2-52 Reactor Coolant System Loop B Hot Leg Sample Penetration 205
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Figure 6.2-53 Pressurizer Liquid Sample Penetration 206a
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Figure 6.2-54 Steam Generator A Sample Penetration 206b
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Figure 6.2-55 Pressurizer Steam Sample Penetration 207a

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-56 Steam Generator B Sample Penetration 207b
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Figure 6.2-57 Hydrogen Recombiner A and B Oxygen Makeup Penetration 210
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Figure 6.2-58 Purge Exhaust Penetration 300
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Figure 6.2-59 Figure Deleted
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Figure 6.2-60 Hydrogen Recombiner A (Main and Pilot) Penetrations 304a and 304b
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Figure 6.2-61 Containment Postaccident Air Sample Penetrations 305a, 305c, and 305d
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Figure 6.2-62 Containment Air Sample (Return) Penetration 305b
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Figure 6.2-63 Containment Air Sample Outlet Penetration 305e
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Figure 6.2-64 Fire Service Water Penetration 307
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Figure 6.2-65 Service Water for Containment Fan Coolers, Penetrations 308, 311, 312, 315,
316, 319, 320, and 323
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Figure 6.2-66 Mini-Purge Supply Penetration 309

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-67 Instrument Air Penetration 310a
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Figure 6.2-68 Service Air Penetration 310b
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Figure 6.2-69 Leakage Test Depressurization Penetration 313
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Figure 6.2-70 Leakage Test Supply Penetration 317
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Figure 6.2-71 Steam Generator A Blowdown Penetration 321
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Figure 6.2-72 Steam Generator B Blowdown Penetration 322
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Figure 6.2-73 Demineralized Water Penetration 324

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-74 Containment H2 Monitors Penetrations 332a, 332b, and 332d
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Figure 6.2-75 Containment Pressure Transmitters PT-944, PT-949, and PT-950 Penetration
332c
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Figure 6.2-76 Main Steam from Steam Generator A Penetration 401
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Figure 6.2-77 Main Steam from Steam Generator B Penetration 402

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 6 ENGINEERED SAFETY FEATURES

Figure 6.2-78 Main and Auxiliary Feedwater to Steam Generators A and B Penetrations 403
and 404
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Figure 6.2-79 Sheet 1 - Figure DELETED

Revision 26 4/2016
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Figure 6.2-79 Sheet 2 - Figure DELETED
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Figure 6.2-80 Containment Hydrogen Production With and Without Recombiner
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Figure 6.3-1 Sheet 1 -Figure DELETED

Revision 26 4/2016
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Figure 6.3-1 Sheet 2 -Figure DELETED
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Figure 6.3-2

Safety Injection Pump Performance Characteristics
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Figure 6.3-3

Residual Heat Removal Pump Reactor Injection Capability
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Figure 6.3-4

Range of Core Protection Provided by Various Components of the Safety Injection System
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Figure 6.5-1

Carbon Cell Banking Arrangement
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Figure 6.5-2

Filters - Containment Unit
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Figure 6.5-3

Iodine Partition Coefficient and pH in the Containment Versus Time
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Figure 6.5-4

Pressure Dependence of the Ratio vG/ut
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7.1

INTRODUCTION

Complete supervision of both the nuclear and turbine-generator sections of the plant is
accomplished by the instrumentation and control systems from the control room. This
supervision includes the capability to periodically test the operability of the Reactor Trip
System (RTS) while on-line.
In 1996, the NRC issued Generic Letter 96-01 (Reference 3) to notify licensees about
problems with testing of safety-related logic circuits and to request that surveillance
procedures be reviewed and modified as necessary to ensure that all portions of the logic
circuitry, including parallel logic, interlocks, bypasses and inhibit circuits, are adequately
covered to fulfill Technical Specification requirements. RG&E’s response to GL 96-01
(Reference 4) stated that the NRC’s requested actions would be complied with. In Reference
5, RG&E informed the NRC that the safety-related circuits had been evaluated and tested
utilizing the criteria of GL 96-01 and that identified procedural deficiencies had been
corrected and identified procedural weaknesses would be resolved within the allotted time
period stipulated in GL 96-01. RG&E in Reference 6 notified the NRC that all required
actions for GL 96-01 had been completed. The NRC in Reference 7 reviewed and accepted
RG&E's response and closed out GL 96-01.
7.1.1

IDENTIFICATION OF SAFETY-RELATED SYSTEMS

The protection systems consist of both the Reactor Trip System (RTS) and the engineered
safety features. Equipment supplying signals to any of these protective systems is considered
a part of that protective system.
Design criteria for protection systems should permit maximum effective use of process
measurements both for control and protection functions, thus enhancing the capability to
provide an adequate system to deal with the majority of common-mode failures as well as to
provide redundancy for critical control functions. The design approach provides a protection
system which monitors numerous system variables by different means, i.e., protection system
diversity. This diversity has been evaluated for a wide variety of postulated accidents
(Reference 1).
Instrumentation and controls essential to avoid undue risk to the health and safety of the
public are provided to monitor and maintain neutron flux, primary coolant pressure, flow
rate, temperature, and control rod positions within prescribed operating ranges.
The non-nuclear regulating process and containment instrumentation measures temperatures,
pressure, flow, and levels in the reactor coolant system, steam systems, containment, and
other auxiliary systems. Process variables required on a continuous basis for the startup,
operation, and shutdown of the plant are indicated, recorded, and controlled from the control
room into which access is supervised. The quantity and types of process instrumentation
provided ensure safe and orderly operation of all systems and processes over the full
operating range of the plant.
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7.1.2
7.1.2.1

IDENTIFICATION OF SAFETY CRITERIA
General Design Criteria

During the licensing of Ginna Station the criterion which applied in common to all
instrumentation and control systems was General Design Criterion 12 (GDC 12) which was
included in the Atomic Industrial Forum (AIF) version of proposed criteria issued by the
AEC for comment on July 10, 1967. The AIF criteria including AIF-GDC 12 are discussed
in detail in Section 3.1.1.
The design of the instrumentation and control systems was reviewed in 1972 (Reference 2) on
the bases of the General Design Criteria contained in Appendix A to 10 CFR 50 and the
criteria included in IEEE 279-1971, both of which were promulgated after the licensing of
Ginna Station. Compliance of the design with 1972 General Design Criteria of Appendix A
to 10 CFR 50 is discussed in Section 3.1.2.
Evaluation of the design with respect to guidance provided in Safety and Regulatory Guides
effective in 1972 is discussed in Section 1.8.
7.1.2.2

Compliance with IEEE 279-1971

Compliance with IEEE 279-1971 Criteria for Protection Systems For Nuclear Power
Generating Stations is discussed below.
7.1.2.2.1

Design Basis

The Ginna Station conditions which require protective system action are enumerated in the
Technical Specifications. The Ginna Station variables that are required to be monitored and
the levels that when reached will require protective action are also described in the Technical
Specifications. The protection system is designed to perform automatically with precision
and reliability to initiate appropriate protective action when required.
The source, intermediate, and power range sensors, their locations and range of operation, are
described in Section 7.7.3. The neutron sensors are the only Ginna Station protective system
components possessing a spatial dependence. The number of source, intermediate, and power
range neutron-flux-measuring sensors, which can be inoperable without deleterious effect on
the safety of continued Ginna Station operation are described in the Technical Specifications.
The instrumentation systems are designed to perform their functions while accommodating
system response times and inaccuracies. The Technical Specifications list the limiting safety
system settings for protective instrumentation. Instrument errors, setpoint errors, instrument
delay times, and calorimetric errors are taken into account in transient analyses, which are
discussed in Chapter 15.
Prudent operational limits for each variable referenced above are interpreted to be those
levels, which will produce alarms but will not necessarily produce a protective system action.
Each process variable referenced above has, in addition to its alarm function, a level
providing protection system action. These values are called out and verified in the
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preoperational tests that were performed. The operational modes in which these are
applicable are specified in the Technical Specifications.
The range of transient and steady-state conditions of both the energy supply and the
environment during normal, abnormal, and accident circumstances throughout which the
system must perform has been evaluated and appropriate features have been incorporated to
accommodate them. The Reactor Trip System (RTS) is designed to fail safe, i.e., to produce
a protective action in the event of loss of power to the protection system. All system
components are designed to operate indefinitely under the environmental conditions to
which they are exposed under both steady-state and transient, and normal and anticipated
abnormal station operating conditions. Reactor Trip System (RTS) components, which can
be exposed to excessive heat, humidity, and pressure due to the accidents described in
Chapter 15, are qualified to perform their required functions for the duration of time required
for engineered safety features operation and postaccident monitoring. Environmental
qualification is discussed in Section 3.11.
Because of the design, physical separation and electrical isolation, fire, missiles, and natural
phenomena are not likely to affect a sufficient number of channels so as to compromise the
system functions. Compliance with the separation and single-failure criteria and "fail safe"
design ensure that the system will operate reliably on demand. All channels of the Reactor
Trip System (RTS) are subject to the same environmental conditions in the control room
although channel separation and electrical isolation are maintained. Should evacuation of the
control room be required, alternative means of safely shutting down Ginna Station from
outside the control room are provided. These are discussed in Section 7.4.3.
The protection system seismic design requirements are such that the safe shutdown
earthquake will not result in loss of the system function. Seismic qualification is discussed in
Section 3.10.
7.1.2.2.2
7.1.2.2.2.1

Requirements
Operability

The Ginna Station protection systems, with precision and reliability, automatically initiate
appropriate protective action whenever a condition monitored by the system reaches a preset
level. The Reactor Trip System (RTS) will automatically initiate load cutbacks, inhibit rod
withdrawal, or trip the reactor depending on the severity of the condition. The
instrumentation used to initiate action other than trip is generally similar to the Reactor Trip
System (RTS). The protection systems are further described in Section 7.2.
As described in Section 7.2, the protection systems not only accommodate any single failure
without loss of function but also provide protection against spurious actuation because of the
coincident logic design.
The quality of instruments and components for use in the protection system was specifically
examined during the design to ensure that they were consistent with the objectives of
minimum maintenance and low failure rates.
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Channel independence is carried through the system extending from the sensor to the relay
providing the logic. The ac power supplies to the channels are excited by four separate
instrument buses. Independence is maintained by use of separate channel penetrations, cable
trays, and equipment compartments.
Control and protection systems employ the same measurement where applicable. The
protection is separate and distinct from the control system. Control signals which are derived
from the protection system measurements are transferred through isolation amplifiers. This
prevents a failure in the control circuitry from affecting the protection system. The isolation
amplifiers are classified protection system components and have been qualified by testing
under conditions of maximum postulated faults.
The design is such that a single random failure which could cause a control system action
resulting in a station condition requiring protection is seen as a trip demand in the channel
designed to protect against the condition. The remaining redundant protection channels may
be degraded by a second random failure or removed from service without loss of the
protection function.
The design provides a protection system which monitors a wide spectrum of process variables
by different means. Equipment, location, and measurement diversity protects against
multiple failures from a credible single event.
Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
7.1.2.2.2.2

Testability

The entire protection system has the capability of being tested and calibrated with the reactor
at power. Testing is discussed in Section 7.2. All instrumentation has the capability for sensor
checks. Sensor testing can be done by perturbing the system variable, introducing a substitute
input or by comparing sensors which measure a like variable.
The system is designed to permit any one channel to be maintained and when required, tested
or calibrated during power operation without system trip. During such operation, the active
parts of the system continue to meet the single-failure criterion. Exception is made in the
one-of-two systems that are permitted to violate the single-failure criterion during channel
bypass provided that acceptable reliability of operation can be otherwise demonstrated.
Operating bypasses that are removed automatically are restored automatically when
permissive conditions are not met. Manual bypasses (located on the control board) that are
immediately available to the operator are automatically reset or may be manually reestablished
by the operator. Manual bypasses that are not automatically reset are designed to permit
administrative control over their use. In all cases, there is continuous indication in the
control room if the trip function of some part of the system has been bypassed or taken out of
service.
7.1.2.2.2.3

Control of Protective Actions

The protection system is designed so that once initiated, a protective action will go to
completion. The return of the plant to MODES 1 and 2 will require deliberate operator
action.
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Administrative control of the means of manually bypassing a channel or protective function is
provided by controlling access to the control room and areas where a bypass can be affected.
Where multiple setpoints have been designed into the Ginna Station protection system, the
design is in accordance with the other criteria of this standard. Means are provided for
manual initiation of the protective system action. Failures in the automatic system do not
prevent the manual actuation. The manual actuation requires the operation of a minimum of
equipment.
Access to setpoint adjustment, calibration, and test points are designed to be under
administrative control.
All protective actions are indicated and identified down to the channel level. Also, each is
designed to provide the operator with accurate, complete, and timely information pertinent to
its own status.
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7.2
7.2.1
7.2.1.1

REACTOR TRIP SYSTEM (RTS)
DESIGN BASES
Design Criteria

The following design criteria were used during the licensing of Ginna Station. They represent
the Atomic Industrial Forum (AIF) version of proposed criteria issued by the AEC for
comment on July 10, 1967 (see Section 3.1.1). Conformance with 1972 General Design
Criteria of 10 CFR 50, Appendix A, is discussed in Section 3.1.2. The criteria discussed in
Section
3.1.2 as they apply to the Reactor Trip System (RTS) include 2, 4, 13, 19, 20, 21, 22, 23, 24,
25, and 29. Conformance with IEEE 279-1971 is discussed in Section 7.1.2.
7.2.1.1.1

Fuel Damage Limits

CRITERION: Core protection systems, together with associated equipment, shall be designed
to prevent or to suppress conditions that could result in exceeding acceptable
fuel damage limits (AIF-GDC 14).
The Reactor Trip System (RTS) is designed to trip the reactor, when necessary, to prevent or
limit fission product release from the core.
The reactor possesses high-speed Westinghouse magnetic-type control rod drive mechanisms.
The reactor internal components, fuel assemblies, control rod assemblies, and unlatching
mechanisms for the drive system components are designed as Seismic Category I equipment.
Two reactor trip breakers are provided to interrupt power to the control rod drive
mechanisms. The breaker main contacts are connected in series with the power supply to the
mechanism coils. The trip breakers are opened by the trip devices described in Section
7.2.2.1.5. Each protection channel actuates two separate trip logic trains, one for each reactor
trip breaker. The electrical state of the devices providing signals to the trip breakers causes
these breakers to trip in the event of power loss. Opening either trip breaker interrupts power
to the magnetic latch mechanisms on each control rod drive, causing them to release the rods
and allowing the rods to insert by gravity into the core. The reactor shutdown function of
the rods is completely independent of the normal control functions because the trip breakers
completely interrupt the power supply to the rod mechanisms and thereby negate any
possibility of response to control signals. The control rods must be energized to remain
withdrawn from the core. An automatic reactor trip occurs on loss of power to the control
rods. All components that are required to perform the reactor trip function are classified as
safety-related equipment
The Reactor Trip System (RTS) receives, from plant instrumentation, signals that are
indicative of an approach to an unsafe operating condition, actuates alarms, prevents control
rod motion, initiates load runback, and/or opens the reactor trip breakers, depending on the
severity of the condition.
The basic reactor trip philosophy is to define a region of power and coolant temperature
conditions allowed by the primary trip functions, the overpower delta T trip, the
overtemperature delta T trip, and the nuclear overpower trip. The allowable operating region
within these trip
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settings is provided to prevent any combination of power, temperature, and pressure that
could result in a departure from nucleate boiling with all reactor coolant pumps in operation.
Additional trip functions such as a high pressurizer pressure trip, low pressurizer pressure
trip, high pressurizer water level trip, loss-of-flow trip, steam generator low-low water level
trip, turbine trip, safety injection trip, nuclear source and intermediate range trip, and manual
trip are provided to back up the primary trip functions for specific accident conditions and
mechanical failures.
A rod stop is initiated by a dropped rod signal to provide additional core protection. The
dropped rod is indicated by individual rod position indicators and by a rapid flux decrease on
any of the power range nuclear channels.
Rod stops from nuclear overpower, overpower delta T, overtemperature delta T, and TAVG
deviation are provided to prevent abnormal power conditions which could result from
excessive control rod withdrawal initiated by a malfunction of the reactor control system or
by operator violation of administrative procedures. The automatic rod withdrawal function
of the reactor control system has been disabled. Rod stops (blocks) for automatic rod
withdrawal are no longer required.
7.2.1.1.2

Reliability and Testability

CRITERION: Protection systems shall be designed for high functional reliability and inservice
testability necessary to avoid undue risk to the health and safety of the public
(AIF-GDC 19).
The reactor uses a higher speed version of the Westinghouse magnetic-type control rod drive
mechanisms (CRDM) used in the San Onofre and Connecticut Yankee plants. The
replacement control rod drive mechanisms (CRDM) provided by PCR 2001-0042 are
Westinghouse design, manufactured by Framatome, Jeumont Plant. Upon a loss of power to
the coils, the lead screws are released, allowing the control rods to fall by gravity into the
core.
The reactor internals, fuel assemblies, rod cluster control assemblies, and drive system
components (as required for trip) are designed as Seismic Category I equipment. The rod
cluster control assemblies are fully guided through the fuel assembly for the maximum travel
of the control rod into the guide tube. Furthermore, the rod cluster control assemblies are
never fully withdrawn from their guide thimbles in the fuel assembly. Due to this and the
flexibility designed into the rod cluster control assemblies, abnormal loadings and
misalignments can be sustained without impairing operation of the rod cluster control
assemblies.
The rod cluster control rod guide system throughout its length is locked together with pins,
bolts and welds to ensure against misalignments which might impair control rod movement
under normal operating conditions and credible accident conditions.
All reactor protection channels are supplied with sufficient redundancy to provide the
capability for channel calibration and test at power. Bypass removal of one trip circuit is
accomplished by placing that circuit in a half-tripped mode; i.e., a two-out-of-three circuit
becomes a one-out-of-two circuit. Testing does not trip the system unless a trip condition
exists in another channel.
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Reliability and independence is obtained by redundancy within each tripping function. In a
two-out-of-three circuit, for example, the three channels are equipped with separate primary
sensors. Each channel is continuously fed from its own independent electrical sources.
Failure to deenergize a channel when required would be a mode of malfunction that would
affect only that channel. The trip signal furnished by the two remaining channels would be
unimpaired in this event.
Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
7.2.1.1.3

Redundancy and Independence

CRITERION: Redundancy and independence designed into protection systems shall be
sufficient to ensure that no single failure or removal from service of any
component or channel of such a system will result in loss of the protection
function. The redundancy provided shall include, as a minimum, two channels
of protection for each protection function to be served (AIF-GDC 20).
Two reactor trip breakers are provided to interrupt power to the control rod drive
mechanisms. The breaker main contacts are connected in series with the power supply to the
mechanism coils. Opening either breaker interrupts power to the magnetic latch mechanism
on each control rod drive, causing them to release the rods to fall by gravity into the core.
Each breaker is opened through an undervoltage coil. Each protection channel actuates two
separate trip logic trains, one for each reactor trip breaker undervoltage trip coil. The
protection system is thus inherently safe in the event of a loss of rod control power.
The coincident trip philosophy is carried out to provide a safe and reliable system since a
single failure will not defeat the function of a redundant channel and will also not cause a
spurious plant trip. Channel independence is carried throughout the system extending from
the sensor to the relay providing the logic. In most cases, the safety and control functions
when combined are combined only at the sensor (and power supply). Both functions are
fully isolated in the remaining part of the channel, control being derived from the primary
safety signal path through an isolation amplifier. As such, a failure in the control circuitry
does not affect the safety channels. This approach is used for pressurizer pressure and water
level channels, steam-generator water level, TAVG and delta T channels, steam flow, and
nuclear power range channels.
The power supplies to the channels are fed from four instrument buses. Two of the buses are
supplied by constant voltage transformers and two are supplied by inverters.
Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
7.2.1.1.4

Effects of Adverse Conditions

CRITERION: The effects of adverse conditions to which redundant channels or protection
systems might be exposed in common, either under normal conditions or those
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of an accident, shall not result in loss of the protection function or shall be
tolerable on some other basis (AIF-GDC 23).
The components of the protection system are qualified such that the mechanical and thermal
adverse environment resulting from any emergency situations during which the components
are required to function does not prevent accomplishing their safety function.
7.2.1.1.5

Testing While In Operation

CRITERION: Means shall be included for suitable testing of the active components of
protection systems while the reactor is in operation to determine if failure or
loss of redundancy has occurred (AIF-GDC 25).
Each protection channel in service at power is capable of being calibrated and tripped
independently by simulated signals for test purposes to verify its operation. This includes
checking through to the trip breakers which necessarily involves the trip logic. Thus, the
operability of each trip channel can be determined conveniently and without ambiguity.
7.2.1.1.6

Fail Safe Design

CRITERION: The protection systems shall be designed to fail into a safe state or into a state
established as tolerable on a defined basis if conditions such as disconnection of
the systems, loss of energy (e.g., electrical power, instrument air), or adverse
environments (e.g., extreme heat or cold, fire, steam, or water) are experienced
(AIF-GDC 26).
Each reactor trip channel is designed so that trip occurs when the channel is deenergized; an
open circuit or loss of channel power therefore causes the system to go into its trip mode. In
a two-out-of-three circuit, the three channels are equipped with separate primary sensors, and
each channel is energized from independent electrical buses. Failure to deenergize when
required is a mode of malfunction that affects only one channel. The trip signal furnished by
the two remaining channels is unimpaired in this event.
Reactor trip is implemented by interrupting power to the magnetic latch mechanisms on each
drive, allowing the rod clusters to insert by gravity. The protection system is thus inherently
safe in the event of a loss of power.
7.2.1.1.7

Single Failure Criterion

CRITERION: The Reactor Trip System (RTS) shall be capable of protection against any single
malfunction of the reactivity control system, such as unplanned continuous
withdrawal (not ejection or dropout) of a control rod, by limiting reactivity
transients to avoid exceeding acceptable fuel damage limits (AIF-GDC 31).
Reactor shutdown with rods is completely independent of the normal control functions since
the trip breakers completely interrupt the power to the rod mechanisms regardless of existing
control signals. Details of the effects of continuous withdrawal of a rod cluster control
assembly and of continuous deboration are described in Section 7.7 and Section 9.3.4.
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7.2.1.2

Seismic Design

The seismic design for Class 1E electrical equipment was analyzed during the conduct of the
Systematic Evaluation Program (SEP) Topic III-6, "Seismic Considerations." This evaluation
was based on a zero-period ground acceleration of 0.2g. As described in NUREG/CR-1821,
"Seismic Review of the R. E. Ginna Nuclear Power Plant as Part of the SEP," floor response
spectra were generated for all Ginna Station structures/levels and the equipment evaluated for
potential effects. The review concluded that, for the most part, electrical equipment would
withstand seismic forces. Upgrades for certain equipment such as the battery racks, main
control board panels, and some equipment anchorages were performed as part of the SEP.
(See Section 3.10.)
7.2.1.3

Operating Environment

The protective channels are designed to perform their function when subjected to the most
adverse environmental conditions expected when the protective function is required and to
prevent loss of function resulting from environmental conditions anticipated during their
lifetimes.
Type test data or reasonable engineering extrapolation based on test data are available to
verify that Environmentally Qualified equipment, which must operate to provide protective
system action, will meet on a continuing basis the functional requirements under the ambient
conditions anticipated when the function is required.
The operating environment for equipment within the containment will normally be controlled
to 125F or lower. The Reactor Trip System (RTS) instrumentation within the containment is
designed for continuous operation in an environment of 120F, atmospheric pressure and 50%
(nominal) relative humidity, and short transients above 120F are acceptable. The portions of
the Reactor Trip System (RTS) and Engineered Safety Features Actuation System (ESFAS)
required to perform safety functions in a harsh postaccident environment are qualified to
operate in accordance with the requirements of 10 CFR 50.49, as described in Section 3.11.
Postulated accident conditions at the location of the trip breakers are relatively mild (212F,
0.25 psig, 100% relative humidity). Trip breakers are environmentally qualified since they
perform their function within seconds.
They (Reactor Trip Breakers) are located two floors from the postulated pipe crack and longterm failure could not cause control rod withdrawal from the core.
The environment for the neutron detectors is limited to 150F with a relative humidity of less
than 90%. The detectors are designed for continuous operation in an environment of 180F,
100% relative humidity, and 100 psig. The 100% humidity value assumes that the detector
connections, in the instrument wells, are covered with nuclear grade (Raychem) sleeving.
Protective equipment outside of the containment and inside the control room is designed for
continuous operation in an ambient temperature of 75F and 50% relative humidity. The
control room is maintained at the personnel comfort level; however, protective equipment in
the control room operates within design tolerance up to a temperature of 104F.
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7.2.2

DESCRIPTION

The Reactor Trip System (RTS) automatically trips the reactor to protect against reactor coolant
system damage caused by high system pressure and to protect the reactor core against fuel rod
cladding damage caused by a departure from nucleate boiling.
The basic reactor tripping philosophy is to define a region of power and coolant temperature
and pressure conditions allowed by the primary trip functions (overpower delta T trip, overtemperature delta T trip, and nuclear overpower trip). The allowable operating region within
these trip settings is provided to prevent any combination of power, temperature, and pressure
that would result in a departure from nucleate boiling with all reactor coolant pumps in
operation.
Additional trip functions such as a high pressurizer pressure trip, low pressurizer pressure
trip, high pressurizer water level trip, loss-of-flow trip, steam-generator low-low water level
trip, turbine trip, safety injection trip, nuclear source and intermediate range trips, and manual
trip are provided to back up the primary trip functions for specific accident conditions and
mechanical failures.
The core protective systems in conjunction with inherent plant characteristics are designed to
prevent anticipated abnormal conditions from causing fuel damage exceeding limits
established in Chapter 4, or primary system damage exceeding effects established in Chapter
5.
Figure 7.2-1 is a block diagram of the Reactor Trip System (RTS).
The curves of Technical Specifications Figure 2.1.1-1 represent the loci of points of thermal
power, coolant system pressure, and average temperature for which the minimum departure
from nucleate boiling ratio, as defined in the Technical Specifications, is satisfied. The area
of safe operation is below these lines.
Adequate margins exist between the worst steady-state operating point (including all
temperature, calorimetric, and pressure errors) and required trip points to preclude a
spurious plant trip during design transients.
Where operating requirements necessitate automatic or manual bypass of a protective
function, the design is such that the bypass is removed automatically whenever permissive
conditions are not met. Devices used to achieve automatic removal of the bypass of a
protective function are part of the protection system and are designed in accordance with the
criteria discussed in Section 7.2.1.
The protection system is so designed that, once initiated, a protective action goes to
completion. Return to MODES 1 and 2 requires administrative action by the operator.
Where it is necessary to change to a more restrictive trip setting to provide adequate
protection for a particular mode of operation or set of operating conditions, the design
provides positive means of ensuring that the more restrictive trip setting is used. The
devices used to prevent improper use of less restrictive trip settings are considered a part of
the protective system and are designed in accordance with the other provisions of these
criteria.
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Interlocks and administrative procedures required to limit the consequences of fault
conditions other than those specified as limits for the protective function comply with the
protection system criteria.
Interlocking functions of the Reactor Trip System (RTS) inhibit manual control rod
withdrawal on the occurrence of a specified parameter reaching a value before the value at
which reactor trip is initiated.
The power supply for the entire protection system originates from four independent sources,
one for each of the four channels. These sources are the 120-V ac instrument power buses of
the electrical system.
7.2.2.1

Logic Train

The nuclear and process instrumentation systems send trip signals to the logic trains. There
are two complete and independent sets of logic circuits to the Reactor Trip System (RTS)
cabinets. Each set constitutes a logic train. When the setpoint values are sensed, a trip signal
is sent to the protection cabinets. If a reactor trip is required, the protection cabinets will send
a signal to the reactor trip breakers. Tripping of these breakers will remove power from the
control rod drive mechanisms allowing the rods to drop into the reactor core. Additionally,
the protection cabinets will actuate any required safeguards devices and also provide
appropriate permissive signals to the logic trains to allow automatic or manually initiated
interlocks and blocks.
The analog channels provide the input portion to the Reactor Trip System (RTS). The typical
analog channel consists of a sensor, power supplies, and the process or nuclear
instrumentation. The process and nuclear instrumentation contain signal conditioning
circuits, controllers, signal comparators, and isolation amplifiers. The remainder of the
Reactor Trip System (RTS) is composed of protection cabinets, relay logic cabinets, test
panels, trip breakers, undervoltage coils, and shunt trip coils.
Separation of the redundant analog channels originates at the process sensors and continues
through the field wiring and containment penetrations to the protection cabinets. Separation
of field wiring is achieved by using separate wireways, cable trays, conduit runs, and
containment penetrations for each redundant channel. At the protection cabinets, the
components of the four channels are located in separate panels. Furthermore, power for each
channel is supplied from separate buses.
Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
7.2.2.1.1

Sensors

The sensors measure plant process parameters such as pressure, temperature, levels, power
flow, bus voltage, and frequency. They convert the measurement into an electrical signal
proportional to that parameter when necessary. Typical sensors are resistance temperature
detectors, pressure cells, differential pressure cells, ion chambers, and undervoltage and
underfrequency devices.
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7.2.2.1.2

Process and Nuclear Instrumentation

The process instrumentation receives the process signal from the detector and processes the
received signal in one or more ways. These ways may include amplification, integration,
differentiation, summation, exponential, square root, or lead-lag type functions. After
processing, the signal is used for indication, control, and protection of the reactor. Control
and indication circuits are electrically isolated from the process instrument output via an
isolation amplifier, while the protection circuit connects directly to the output. This electrical
isolation prevents feedback effects from grounds, opens, or shorts in the control circuitry
from affecting the protection circuitry, thereby maintaining the reliability of the Reactor Trip
System (RTS).
7.2.2.1.3

Protection Cabinets

Located at the south wall of the control room, there are four protection cabinets, one for each
input from the respective instrumentation channel. They contain the protection bistables for
both the reactor trip and safeguards actuation functions as well as the bistables for the permissive
functions.
7.2.2.1.4

Logic Relay Cabinets

The logic relay cabinets are divided into two groups of cabinets, the reactor trip logic cabinets
and the safeguards actuation logic cabinets. The reactor trip logic cabinets consist of four
separate cabinets for each train of protection with inputs from each of the four protection
cabinets. Each protection cabinet sends its signal to two trip logic cabinets, one cabinet in
each protection train. The front section of the reactor trip logic cabinet contains the logic,
trip, and permissive relays. The rear section contains test relays that are used only during
testing (see Section 7.2.4). The incoming protection signal to the logic cabinet passes
through a set of test relay contacts. These contacts are shut during normal at power
operation. A test relay actuates these contacts in the respective logic cabinet and is
controlled from the logic test panels.
The protection signal supplies power directly to a logic relay, maintaining it energized during
MODES 1 and 2. Should the specified setpoint value be detected by a channel, the protection
signal would deenergize the logic relay. The logic relay contacts are wired in the proper logic
matrix. This logic matrix contains the logic relay contacts from each channel’s respective
logic cabinet. Each logic matrix represents a specific trip function and two or more are
normally wired in series. The logic matrices are also in series with one of eight trip relays
and their power supplies. The trip relays are divided equally among the four cabinets in one
train. When a reactor trip is needed, the logic relays deenergize, opening their contacts, which
in turn deenergize the trip relays.
The permissive logic relays are arranged in the same fashion as the reactor trip logic relays.
They are also controlled by bistables in the protection cabinets. When the permissive logic
relays energize, their contacts shut. This allows a given permissive function to occur
automatically or by manual operator action.
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7.2.2.1.5

Trip Breakers

The reactor trip breakers are designed to quickly interrupt power supplied from the rod
control motor-generator sets to the control rod drive mechanisms. Each breaker has the
capability to insert a bypass breaker that allows for the testing of each main trip breaker.
Each reactor trip breaker and bypass breaker has an undervoltage trip coil and shunt trip coil
that trip the breaker through a mechanical linkage. Test switches can be used to
independently verify the operation of both the undervoltage trip assembly and the shunt trip
assembly.
Undervoltage coils deenergize to trip the breaker, while shunt trip coils energize to cause a
breaker trip. Undervoltage and shunt trip coils in each train are powered from the Class 1E,
125-V-dc battery system associated with that train.
Each undervoltage coil is connected to its 125-V-dc power supply in series with all the trip
relay contacts in the reactor trip logic cabinets and the manual trip switches on the main
control board. As long as a complete electrical flow path is present, the undervoltage coils
remain energized holding the trip breakers shut. Once a trip condition is detected, the
respective trip relay will deenergize, thus opening its contacts and causing the 125-V-dc power
to be interrupted to the undervoltage coils.
In order to minimize the likelihood of a failure of a breaker to trip, the two reactor trip
breakers use a reverse tripping logic to automatically activate the existing trip coil concurrent
with the deenergization of the undervoltage coil. This results in two simultaneous
mechanical forces acting on the tripper bar instead of one.
Each reactor trip breaker (but not the bypass breaker) uses a reverse tripping logic to
automatically energize the shunt trip coil concurrent with deenergization of the undervoltage
coil.
Trip relays, which form the logic for the undervoltage coils, have both "a" and "b" type
contacts. The "b" contacts close when the trip relays deenergize while the "a" contacts open.
The "b" contacts are used to form the reverse logic that energizes the shunt trip coils. The
reactor trip breaker shunt trip coil is energized by the same Reactor Trip System (RTS)
signals that cause the undervoltage trip coil to deenergize. The one exception is undervoltage
trip below 8% power and 500F. This trip is a backup to administrative controls and operates
only on the undervoltage coil. This trip is only used when the plant is heating up or cooling
down and therefore its inclusion in the reverse logic is not warranted. In this case the
zirconium guide tube interlocks are used to trip each reactor trip breaker using the
undervoltage trip assembly and the trip is not duplicated in the shunt trip coil logic.
In addition to the automatic control of the shunt trip coil on the reactor trip breaker, the shunt
trip coils on the reactor trip breakers and the bypass breaker are controlled by the manual
reactor trip switches.
A simplified electrical diagram of the undervoltage trip coil and shunt trip assembly is shown
in Figure 7.2-20.
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7.2.2.2
7.2.2.2.1

Reactor Trips
General

Rapid reactivity shutdown is provided by the insertion of control rod assemblies by gravity
fall to compensate for fast reactivity effects, e.g., doppler and moderator temperature effects.
Duplicate series-connected circuit breakers supply all power to the control rod drive
mechanisms. The control rod drive mechanisms must be energized to remain withdrawn
from the core. Automatic reactor trip occurs upon the loss of power to the control rod drives.
The trip breakers are opened by any of several trip signals.
Certain reactor trip channels are automatically bypassed at low power where they are not
required for safety and to enable convenient operation for conditions such as startup and
shutdown. Nuclear source range and intermediate range trips, which are specifically provided
for protection at low power or subcritical operation, are bypassed at power operation to
prevent spurious reactor trip signals and to prevent the degradation of the detectors at power
levels above 8%.
During power operation, a sufficiently rapid shutdown capability in the form of control rods
is administratively maintained through the control rod insertion limit monitors (see Section
7.7). Administrative control requires that all shutdown rods be in the fully withdrawn
position during power operation.
During the MODE 6 (Refueling) in 1981, zirconium guide tubes were installed in the fuel
assemblies. The different thermal expansion rates of zirconium versus stainless steel raised a
potential problem of interference which could lead to damage of the rod drive mechanisms if
a cooldown were to occur with the control rod drives latched. To alleviate the problem an
automatic interlock has been installed to ensure that the reactor trip breakers are open prior to
cooling down.
Technical Specification Table 3.3.1-1 lists the requirements necessary to preserve the
effectiveness of the reactor control and protection system.
The logic diagram for the reactor trip signals is shown in Drawings 33013-1353, Sheet 1 and
33013-1353, Sheet 2. Drawing 33013-1353, Sheet 1 provides the index of the symbols used
in all the logic diagrams.
7.2.2.2.2

Manual Trip

A manual reactor trip is provided to permit the operators to trip the reactor. The manual
actuating devices are independent of the automatic reactor trip circuitry and are not subject
to failures that could make the automatic circuitry inoperable. The manual trip logic is shown
in Drawing 33013-1353, Sheet 14.
7.2.2.2.3

High-Nuclear-Flux (Power Range) Trip

This circuit trips the reactor when two out of the four power range channels read above the
trip setpoint. The low setting can be manually bypassed (permissive P-10) when two out of
the four power range channels read above approximately 8% power. Three out of the four
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channels below 8% automatically reinstate the trip. The high setting is always active. The
high-nuclear-flux (power range) trip logic is shown in Drawing 33013-1353, Sheet 10.
7.2.2.2.4

High-Nuclear-Flux (Intermediate Range) Trip

This circuit trips the reactor when one out of the two intermediate range channels reads above
the trip setpoint. This trip can be manually bypassed if two-out-of-four power range channels
are above approximately 8%. Three-out-of-four channels below this value automatically
reinstate the trip. The intermediate channels (including detectors) are separate from the
power range channels in this plant design. The high-nuclear-flux (intermediate range) trip
logic is shown in Drawing 33013-1353, Sheet 10.
7.2.2.2.5

High-Nuclear-Flux (Source Range) Trip

This circuit trips the reactor when one out of the two source range channels reads above the
trip setpoint. It can be manually bypassed when one-out-of-two intermediate range channels
reads above the source range cutoff value and is automatically reinstated when both
intermediate range channels decrease below this value. This trip is also bypassed by two-outof-four high power range signals.
The trip point is set between the source range cutoff power level and the maximum source
range power level.
The high-nuclear-flux (source range) trip logic is shown in Drawing 33013-1353, Sheet 10.
7.2.2.2.6

Overtemperature Delta T Trip

The purpose of this trip is to protect the core against departure from nucleate boiling. In the
protection system, the indicated loop delta T is used as a measure of reactor power and is
compared with a setpoint that is automatically varied, depending on TAVG, pressurizer
pressure, and axial flux difference. The circuit trips the reactor on coincidence of two out of
the four signals, with two channels per loop.
The overtemperature delta T trip logic is shown in Drawing 33013-1353, Sheet 14.
7.2.2.2.7

Overpower Delta T Trip

The purpose of this trip is to protect against excessive power (fuel rod rating protection) and
subsequent fuel rod failure. The indicated delta T is used as a measure of reactor power and is
compared with a setpoint that is automatically varied depending on TAVG This circuit trips
the reactor on coincidence of two out of the four signals, with two channels per loop.
The overpower delta T trip logic is shown in Drawing 33013-1353, Sheet 14.
7.2.2.2.8

Low Pressurizer Pressure Trip

The low pressurizer pressure trip is designed to protect against departure from nucleate
boiling, and also serves to limit the range of the overtemperature delta T trip by establishing a
lower limit on reactor coolant pressure. Four pressurizer pressure channels are used in a twoout-of-four logic. The low pressurizer pressure trip is automatically bypassed below 8%
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power since the protection afforded by the trip is not essential at this low power level due to
the lower reactor coolant system temperature. The low pressurizer pressure trip logic is
shown in Drawing 33013-1353, Sheet 12.
7.2.2.2.9

High Pressurizer Pressure Trip

The high pressurizer pressure trip is designed to protect the reactor coolant system from an
overpressure condition. There are three pressure channels sensing pressure in the pressurizer
and arranged in a two-out-of-three logic. The trip setting is above the Pressurizer Power
Operated Relief Valves (PORV) setting to prevent an unnecessary reactor trip for those
pressure increases that can be controlled by the valves. The trip, along with the Pressurizer
Power Operated Relief Valves (PORV) and Main Steam Safety Valves (MSSV), prevents
overpressurization. The high pressurizer pressure trip logic is shown in Drawing 330131353, Sheet 12.
7.2.2.2.10

High Pressurizer Water Level Trip

The high pressurizer level trip is provided as a backup to the high pressure trip. It is also used
to prevent potential damage to the pressurizer safety valves and discharge piping which could
be caused by water hammer if these valves lift to pass water instead of steam. Three high
level channels are arranged in a two-out-of-three logic. The high pressurizer water level trip
logic is shown in Drawing 33013-1353, Sheet 12.
7.2.2.2.11

Low Reactor Coolant Flow Trip

The low flow trips are provided to protect the core from departure from nucleate boiling
following a loss-of-flow accident. The means of sensing a low flow condition are as follows:
1. Measured low flow in the reactor coolant piping.
2. Sensing an undervoltage condition on the reactor coolant pump buses.
3. Sensing an underfrequency condition on the reactor coolant pump buses.
4. Sensing reactor coolant pump circuit breakers open.
The low flow trip signal is actuated by the coincidence of two-out-of-three signals for each
reactor coolant loop. The loss of flow in either loop causes a reactor trip.
Below the permissive power setpoint P-8, loss of flow in both loops would cause a reactor
trip. This permits an orderly plant shutdown under administrative control following a single
loop loss of flow during low power operation. Since the plant will not be maintained in
operation above permissive power setting P-7 without both loops in service, independent
accidents simultaneous with a single loop loss of flow at low power are not considered in the
protection system design. The loss of reactor coolant flow trip logic is shown in Drawing
33013-1353, Sheet 14.
The undervoltage on the reactor coolant pump buses trip is provided for protection following
a complete loss of power to the reactor coolant pumps. A voltage condition below 3150 volts,
as sensed by undervoltage relays (one-out-of-two logic) on both reactor coolant pump buses,
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will directly trip the reactor to prevent departure from nucleate boiling. This trip is bypassed
below 8% power by permissive P-7.
The underfrequency on the pump power supply trip provides reactor protection following a
major grid frequency disturbance. If an underfrequency condition below 57.7 Hz (one-outof-two logic) exists on both reactor coolant pump buses, all reactor coolant pump breakers
and the reactor are tripped. This is done because an underfrequency condition will slow down
the pumps thereby reducing their coastdown time following a pump trip.
The undervoltage and underfrequency trip logic is shown in Drawing 33013-1353, Sheet 4.
7.2.2.2.12

Safety Injection System Actuation Trip

A reactor trip occurs on the actuation of the safety injection system. The means of actuating
the safety injection system trips are described in Section 7.3.2.
7.2.2.2.13

Turbine Trip/Reactor Trip

Turbine trip causing a reactor trip is provided to anticipate probable plant transients and to
avoid the resulting thermal transients. If the reactor were not tripped by the turbine trip, the
overtemperature delta T or high pressure trip would prevent reactor safety limits from being
exceeded. By utilizing this trip, undesirable excursions are prevented rather than terminated.
The trip is sensed by a decrease in emergency trip system oil pressure or all stop valves shut.
Three switches are mounted on the emergency trip oil header and their outputs are tied
together in a two-out-of-three logic. This logic will initiate a reactor trip (auto-stop oil
pressure less than 45 psig) provided the reactor is operating above 50% power as sensed by
permissive P-9. It is not necessary to trip the reactor if it is operating below 50% power
since rod control in conjunction with steam dump can accommodate a 50% load rejection
without a reactor trip (Section 10.7.1). Turbine trip leading to reactor trip logic is shown in
Drawing 33013-1353, Sheet 3.
7.2.2.2.14

Low-Low Steam-Generator Water Level Trip

The purpose of this trip is to protect the steam generators for the case of a sustained steam/
feedwater flow mismatch. The trip is actuated on two-out-of-three low-low water level
signals in either steam generator. The trip logic is shown in Drawing 33013-1353, Sheet 13.
7.2.2.3

Interlocks

A number of reactor trips applicable to power range operation are automatically bypassed to
permit reactor startup and low power operation. The following trip functions are blocked by
a coincidence of three-out-of-four power range nuclear flux channels reading less than 8%
power and one-out-of-two low turbine load (turbine impulse chamber pressure) signals:
A. Low reactor coolant flow (both loops).
B. Reactor coolant pump breaker trip (both loops).
C. Turbine trip with P-9 permissive present.
D. Undervoltage.
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E. Underfrequency.
F. Low pressurizer pressure.
Similarly, the high-nuclear-flux source range and high-nuclear-flux intermediate range trips
applicable to startup and low power operation are bypassed during power operation.
7.2.2.4

Permissive Circuits

Various permissive signals are generated throughout the plant for the purpose of providing
both automatically and manually initiated interlocks and bypass circuits. Actuation of the
permissives is indicated on the permissive status panel. The permissives associated with the
Reactor Trip System (RTS) are listed in Table 7.2-2 and are described below. The logic
diagram is shown in Drawing 33013-1353, Sheet 11.
7.2.2.4.1

P-1 Permissive

The P-1 permissive, rod stop on overpower, blocks automatic and manual rod withdrawal.
The overpower rod stops are initiated by one-out-of-four high nuclear flux of 103%; one-outof-two high flux at 20% current equivalent power; two-out-of-four high overtemperature
delta T at 3% of rated loop T below trip setpoints; and high overpower delta T at 3% of rated
loop T below the trip setpoint with two-out-of-four logic. High overpower delta T and overtemperature delta T will also initiate a turbine runback at 200%/min for 1.5 sec every 30 sec.
With automatic rod withdrawal disabled, the P-1 permissive block on automatic rod
withdrawal is no longer applicable.
7.2.2.4.2

P-2 Permissive

The P-2 permissive blocks automatic rod withdrawal at low power. It is initiated by one-outof-one first stage turbine pressure less than 12.8% turbine power. Automatic rod withdrawal
has been disabled. The P-2 permissive is not used.
7.2.2.4.3

P-3 Permissive

The P-3 permissive blocks automatic rod withdrawal on a rod drop signal. A rod drop signal
is initiated by a rapid decrease of nuclear flux of 5%. Logic of one-out-of-four power-range
detectors will satisfy this permissive. Additionally a rod drop signal is initiated if a rod is
indicating 0 steps when any rod in its bank or any subsequent programmed bank indicates 24
steps or greater. Automatic rod withdrawal has been disabled. The P-3 permissive is not
used.
7.2.2.4.4

P-4 Permissive

The P-4 permissive arms the steam dump system for operation upon sudden decrease in
turbine load actuated on one-out-of-one first stage turbine pressure decrease equivalent to a
10% full power decrease.
7.2.2.4.5

P-6 Permissive

The P-6 permissive permits bypassing the source range channel high flux trip during an
approach to power. It is derived from a bistable circuit of the intermediate range channels.
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The bistable circuit will initiate the permissive if either intermediate range channel is above a
power level of 1 x 10-10 amp and illuminates the "Power Above P-6" light. In order to block
the source range high flux trip, however, two buttons must be depressed after the permissive
is effective. One is supplied for each logic train. After both buttons are depressed, the
"Source Range Trip Blocked" light will be illuminated. If both intermediate range channels
drop below 5 x 10-11 amp, the permissive will automatically be defeated. The permissive
may be manually defeated if power is below P-10 by simultaneously depressing both defeat
pushbuttons. Either method will reinstate the trip capability.
7.2.2.4.6

P-7 Permissive

The P-7 permissive is used to bypass the low pressurizer pressure reactor trips during low
power or startup operation. It is also used to bypass reactor coolant low flow trips. It is
derived from a bistable circuit indicating less than 8.5% power as measured by both first stage
turbine pressure (two-out-of-two) and power range (two-out-of-four). The power range input
is supplied by the P-10 permissive.
7.2.2.4.7

P-8 Permissive

The P-8 permissive allows the loss of flow trip logic to change so that a loss of a single loop
below P-8 setpoint will not cause a reactor trip. P-8 is set at 25% reactor power as sensed by
two-out-of-four power range instruments of the nuclear instrumentation system.
7.2.2.4.8

P-9 Permissive

The P-9 permissive prevents a reactor trip when the turbine trips if nuclear power is below
50%. The permissive has two-out-of-four logics and it also allows for the unnecessary
reactor trip when the steam dump is available.
7.2.2.4.9

P-10 Permissive

The P-10 permissive is used to bypass the intermediate range channel and low-level power
range channel trips during an approach to power. It is also used as a backup to P-6, to block
out the source range instrumentation, and in the development of P-7. It is derived from a
bistable circuit indicating greater than 8% power as measured by the power range channels
(two-out-of-four). In order to block the intermediate range high flux and low power high flux
trips, two buttons for each trip must be depressed on the control panel. If power falls below
6% on three or four channels, the nuclear instrument trips will be automatically unblocked.
7.2.2.5

Alarms

Alarms will also be used to alert the operator to deviation from normal operating conditions
so that, where possible, the operator may take corrective action to avoid a reactor trip. Further,
actuation of any rod stop or trip of any reactor trip channel will actuate an alarm.
Any of the following conditions actuates an alarm:
A. Reactor trip (first-out annunciator).
B. Trip of any reactor trip channel.
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C. Actuation of any permissive circuit (get a light) or override.
D. Significant deviation of any major control variable (pressure, TAVG, pressurizer water level,
and steam-generator water level).
E. Incompleted administrative test procedures in any reactor trip channel (and control
channel, where feasible).
7.2.2.6
7.2.2.6.1
7.2.2.6.1.1

Design Features
Isolation of Redundant Protection Channels
Channelized Design

The Reactor Trip System (RTS) is designed on a channelized basis to achieve isolation
between redundant protection channels. The channelized design, as applied to the analog as
well as the logic portions of the protection system, is illustrated by Figure 7.2-12 and is
discussed below. Although shown for four-channel redundancy, the design is applicable to
two-and-three-channel redundancy. Figure 7.2-12 shows only the undervoltage coil
associated with each trip breaker; a similar circuit for each breaker, consisting of a dc power
feed, relay contacts, and a shunt trip coil is omitted for clarity.
Isolation of redundant analog channels originates at the process sensors and continues back
through the field wiring and containment penetrations to the analog protection racks.
Physical separation in cable trays, conduit, and containment penetrations is used to the
maximum practical extent to achieve isolation. Analog equipment is isolated by locating
redundant components in different protection racks.
Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
The power supplies to the channels are fed from four instrument buses. Two of the buses are
supplied by constant voltage transformers, and two are supplied by inverters. Each channel is
energized from a separate ac power feed. Each reactor trip circuit is designed so that a trip
occurs when the circuit is deenergized. An open circuit or the loss of channel power,
therefore, causes the system to go into its trip mode. Reliability and independence are
obtained by redundancy within each tripping function. In a two-out-of-three circuit, the three
channels are equipped with separate primary sensors and each channel is energized from an
independent electrical bus. A single failure may be applied in which a channel fails to
deenergize when required; however, such a malfunction can affect only one channel. The trip
signal furnished by the two remaining channels is unimpaired in this event.
All reactor protection channels are supplied with sufficient redundancy to provide the
capability for channel calibration and testing at power. Bypass removal of one trip circuit is
accomplished by placing that circuit in a half-tripped mode; that is, a two-out-of-three circuit
becomes a one-out-of-two circuit. Testing does not trip the system unless a trip condition
concurrently exists in a redundant channel.
Certain reactor trip channels are automatically bypassed at low power, to allow for such
conditions as startup and shutdown, and where they are not required for safety. Nuclear
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source range and intermediate range trips, which specifically provide protection at low power
or sub-critical operation, are bypassed at power operation to prevent spurious reactor trip signals
and to improve reliability.
7.2.2.6.1.2

Separation

The reactor trip bistables are mounted in the protection racks and are the final operational
component in an analog protection channel. Each bistable drives two logic relays (C and D).
The contacts from the C relays are interconnected to form the required actuation logic for trip
breaker No. 1 through dc power feed No. 1. The transition from channel identity to logic
identity is made at the logic relay coil/relay contact interface. As such, there is both electrical
and physical separation between the analog and the logic portions of the protection system.
The above logic network is duplicated for trip breaker No. 2 using dc power feed No. 2 and
the contacts from the D relays. Therefore, the two redundant reactor trip logic channels are
physically separated and electrically isolated from one another. Overall, the protection
system is comprised of identifiable channels that are physically, electrically, and functionally
separated and isolated from one another to the extent practical.
Components, cabling, and panel wiring for reactor trip breaker undervoltage and shunt trip
circuitry are grouped into two redundant trains and physically separated. Each of the two
manual reactor trip switches activates undervoltage and shunt trips for both trains. Wiring to
these switches is separated to the maximum extent possible in the main control board.
Channel separation is maintained between the control wiring for the undervoltage trip coils
and the shunt trip coils. A fault on any one control circuit will not degrade both redundant
trains.
7.2.2.6.2

Channel Bypass or Removal from Operation

The system is designed to permit any one channel to be maintained, and when required, tested
or calibrated during power operation without system trip. During such operation, the active
parts of the system continue to meet the single-failure criterion.
Exception: "One-out-of-two" systems are permitted to violate the single-failure criterion
during channel bypass provided that acceptable reliability of operation can be otherwise
demonstrated.
7.2.2.6.3

Capability for Test and Calibration

The bistable portions of the protective system (e.g., relays and bistables) provide trip signals
only after signals from analog portions of the system reach preset values. Capability is
provided for calibrating and testing the performance of the bistable portion of protective
channels and various combinations of the logic networks during reactor operation.
The analog portion of a protective channel (e.g., sensors and amplifiers) provides analog
signals of reactor or plant parameters. The following means are provided to permit checking the
analog portion of a protective channel during reactor operation:
A. Varying the monitored variable.
B. Introducing and varying a substitute transmitter signal.
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C. Cross-checking between identical channels or between channels which bear a known
relationship to each other and which have readouts available.
The design permits the administrative control of the means for manually bypassing channels
or protective functions.
The design permits the administrative control of access to all trip settings, module calibration
adjustments, test points, and signal injection points.
7.2.2.6.4

Information Readout and Indication of Bypass

The protective systems are designed to provide the operator with accurate, complete, and
timely information pertinent to their own status and to plant safety. Indication is provided in
the control room if the trip function of some part of the system has been administratively
bypassed or taken out of service.
Trips are indicated and identified down to the channel level.
7.2.2.6.5

Physical Isolation

The physical arrangement of all elements associated with the protection system reduces the
probability of a single physical event impairing the vital functions of the system.
System equipment is separated between instrument cabinets so as to reduce the probability of
damage to the total system by some single event.
Wiring between vital elements of the system outside of equipment housing is routed and
protected so as to maintain the true redundancy of the systems with respect to physical
hazards.
The RG&E wire and cable routing for safety channels has been separated in general by the
following means:
A. Redundant circuits run in separate conduits.
B. Redundant circuits run in separate cable trays.
C. Redundant circuits run in opposite sides of cable trays that have been partitioned with a
metal barrier plate.
Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
7.2.2.6.6

Sensor Line Separation

Physical separation between redundant protection instrument sensing lines is generally
achieved by providing 4 ft of separation for vertical runs and 18 in. for horizontal runs.
Where physical separation could not be obtained due to space limitations or obstructions,
protection has been achieved by barriers and/or enclosed sectional raceways. The barriers
and/or raceways are made of heavy gauge metal.
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7.2.2.6.7

Instrument Line Identification

The identification of electrical circuits, cables, conduits, and cable trays is generally
accomplished as shown in the following list:
A. Individual wires are tagged with an oblong fiber tag at each wire end. This tag carries the
wire number as listed in the wiring schedule sheets.
B. Individual cables are tagged with a round fiber tag attached to the cable close to the end of
the cable outer sheath where it has been stripped back to expose the individual wires. This
tag carries the cable number corresponding to the cable schedule sheet number.
C. Each conduit is tagged with a brass numbering check attached at each end of the conduit
and at intermediate points in the run as specified in the conduit layout drawings.
D. Each cable tray is stenciled with a tag number at each end with the identifying number
shown on the cable tray layout drawings.
E. Sensors in the protection channels are identified by tag numbers at the sensor location.
7.2.3

ANALYSIS

7.2.3.1

Reactor Trip System (RTS) and Departure From Nucleate Boiling

The following is a description of how the Reactor Trip System (RTS) prevents departure from
nucleate boiling (DNB).
The plant variables affecting the DNB ratio (DNBR) are
•

Thermal power.

•

Coolant flow.

•

Coolant temperature.

•

Coolant pressure.

•

Core power distribution (hot-channel factors).

7.2.3.2

Core Protection System

The basic overpower-overtemperature protection mentioned in conjunction with the power
capability discussion consists of the delta T trip functions based on the differences between
measurements of the hot-leg and cold-leg temperatures, which are proportional to core power.
The delta T trip functions are provided with a nuclear flux feedback to reflect a measure of
power distribution. This will assist in preventing an adverse distribution which could lead to
exceeding allowable core conditions. The overpower-overtemperature protection and the
power distribution feedback are described below. (See Figures 7.2-14 and 7.2-15.)
7.2.3.2.1

Overpower Protection

In addition to the nuclear power range trips, a delta T trip is provided (two-out-of-four logic)
to limit the maximum overpower. This trip is modified as described in Section 7.2.2.2.7.
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In addition, a rod stop function and turbine runback function is provided in the form:
T (rod stop) = T (trip) - constant
with a programmed turbine runback until T < T (rod stop)
This function serves to maintain essentially a constant margin to trip and gives the operator
the opportunity to make appropriate adjustments before a reactor trip occurs.
7.2.3.2.2

Overtemperature Protection

A second delta T trip (two-out-of-four logic) provides a trip which protects against departure
from nucleate boiling. This trip is modified as described in Section 7.2.2.2.6.
Four long ion chamber pairs are provided and each one independently feeds a separate delta T
trip channel. Thus, a single failure neither defeats the function nor causes a spurious trip.
The axial flux difference penalty function is only in the direction of decreasing the trip
setpoint; it cannot increase the setpoint.
If the difference between the top and bottom detectors exceeds a preset limit indicative of
excess power generation in the upper or lower half of the core, a proportional signal is
transmitted to the delta T trip to reduce its setpoint.
A similar rod stop and turbine runback function is provided as discussed in Section 7.2.3.2.1.
7.2.4

REACTOR TRIP SIGNAL TESTING

Provisions are made to manually place the output of the bistable in a tripped condition for "at
power" testing of all portions of each trip circuit including the reactor trip breakers.
Administrative procedure requires that the final element in a trip channel (required during
power operation) is placed in the trip mode before that channel is taken out of service for
repair or testing so that the single-failure criterion is met by the remaining channels.
Provision is made for the insertion of test signals in each analog loop. Verification of the test
signal is made by station instruments at test points specifically provided for this purpose.
This enables testing and calibration of meters and bistables. Transmitters and sensors are
checked against each other and against precision readout equipment during normal power
operation.
7.2.4.1

Analog Channel Testing

The basic elements comprising an analog protection channel are shown in Figure 7.2-16 and
consist of a transmitter, power supply, bistable, bistable trip switch and proving lamp, test
signal injection switch, test signal injection jack, and test point.
Each protection rack includes a test panel containing those switches, test jacks, and related
equipment needed to test the channels contained in the rack. A hinged cover encloses the test
panel. Opening the cover or placing the test-operate switch in the TEST position will initiate
an alarm. These alarms are arranged on a rack basis to preclude entry to more than one
redundant protection rack (or channel) at any time. The test panel cover is designed such
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that it cannot be closed and the alarm cleared unless the test signal plugs (described below)
are removed. Closing the test panel cover will mechanically return the test switches to the
OPERATE position.
Administrative procedures require that the bistable in the channel under test be placed in the
tripped mode prior to test. This places a proving lamp across the bistable output so that the
bistable trip point can be checked during channel calibration. The bistable trip switches must
be manually reset after completion of a test. Closing the test panel cover will not restore these
switches to the untripped mode.
Administrative controls prevent the nuclear instrumentation source range and intermediate
range protection channels from being disabled during periodic testing. Power range overpower protection cannot be disabled since this function is not affected by the testing of
circuits. Administrative controls also prevent the power range dropped rod protection from
being disabled by testing. In addition, the rod position system would provide indication and
associated corrective actions for a dropped rod condition.
Actual channel calibration will consist of injecting a test signal from an external calibration
signal source into the signal injection jack. Where applicable, the channel power supply will
serve as a power source for the calibration source and permit verifying the output load
capacity of the power supply. Test points are located in the analog channel and provide an
independent means of measuring the calibration signal level.
7.2.4.2
7.2.4.2.1

Logic Channel Testing
Planned Tests

The trip logic channels for a typical two-out-of-three and two-out-of-four trip function are
shown in Figure 7.2-17. The analog portions of these channels are shown in Figure 7.2-18.
Each bistable drives two relays (A and B for level and C and D for pressure). Contacts from
the A and C relays are arranged in a two-out-of-three and two-out-of-four trip matrix for trip
breaker No. 1. The above configuration is duplicated for trip breaker No. 2 using contacts
from the B and D relays. Figure 7.2-17 shows only the circuits associated with the
undervoltage trip coils; the energize-to-trip shunt trip coils and associated relay contacts are
omitted for clarity, however the configuration is the same.
The planned logic system testing includes exercising the individual reactor trip breakers at
least once to demonstrate system integrity. Subsequent logic tests will use installed indicating
lights to verify proper logic functions. A bypass breaker is installed at both cells to allow
opening the normal trip breaker. During MODES 1 and 2, the bypass breakers are maintained
racked-out in their respective cells for reactor trip breakers A and B. Only one bypass
breaker will be racked-in at any time in conjunction with testing of the reactor trip breakers.
One annunciator window on the main control board will indicate that the bypass breaker is
closed in either cell. Direct red and green light indication on the main control board shows
the bypass breaker position. Interlocks are provided to prevent bypass breakers from being
used simultaneously in the cell for reactor trip breaker A and the cell for reactor trip breaker
B.
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As shown in Figure 7.2-17, the trip signal from the logic network is simultaneously applied to
the main trip breaker associated with the specific logic chain as well as the bypass breaker
associated with the alternate trip breaker. Should a valid trip signal occur while AB-1 is
bypassing TB-1, TB-2 will be opened through its associated logic train. The trip signal
applied to TB-2 is simultaneously applied to AB-1, thereby opening the bypass around TB-1.
TB-1 would either have been opened manually as part of the test or would be opened through
its associated logic train which would be operational or tripped during a test.
An auxiliary relay is located in parallel with the undervoltage coils of the trip breakers. This
relay is tied to an event recorder which is used to indicate transmission of a trip signal through
the logic network during testing. Lights are also provided to indicate the status of the individual
logic relays.
7.2.4.2.2

Test Procedure

The following procedure illustrates the method used for testing trip breaker No. 1 and its
associated logic network.
1. With the bypass breaker being tested (AB-1) racked-in, manually close and trip bypass
breaker AB-1 to verify operation.
2. Manually re-close bypass breaker AB-1. Trip the associated reactor trip breaker (TB-1)
using a selected logic combination.
3. Sequentially deenergize the trip relays (A1, A2, and A3) for each logic combination (1-2, 13, and 2-3). Verify that the logic network deenergizes the undervoltage coil on the reactor
trip breaker TB-1 for each logic combination. Temporarily installed indicator lamps
monitor the signal applied to the undervoltage coil, operation of the undervoltage coil can
be determined from the indicator.
4. Repeat step (3) for every logic combination in each matrix, except Source Range Trip when
at power.
5. Close the associated reactor trip breaker (TB-1). Then open and rack-out the bypass
breaker (AB-1).
7.2.4.2.3

Logic Channel Test Panels

In order to minimize the possibility of operational errors from either the standpoint of tripping
the reactor inadvertently or only partially checking all logic combinations, each logic network
includes a logic channel test panel. This panel includes those switches, indicators, and
recorders needed to perform the logic system test. The arrangement is shown in Figure 7.219. The test switches used to deenergize the trip bistable relays operate through inter-posing
relays as shown in Figure 7.2-16 and Figure 7.2-18. This approach avoids violating the
separation philosophy used in the analog channel design. Thus, although test switches for
redundant channels are conveniently grouped on a single panel to facilitate testing, physical
and electrical isolation of redundant protection channels are maintained by the inclusion of
the interposing relay, which is actuated by the logic test switches. Identification of
instrumentation protection systems is made by colored name plates on the cabinets.
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7.2.4.3

Trip Breaker Testing and Preventive Maintenance

Preventive maintenance is performed on the reactor trip breakers each refueling outage.
Preventive maintenance procedures conform to the intent of the guidance developed by the
Westinghouse Owner’s Group.
Response time testing of each reactor trip breaker is performed at each refueling outage in an
off-line condition. Breaker response time is determined by deenergizing the undervoltage
coil with the shunt trip coil blocked and then by energizing the shunt trip coil with the
undervoltage coil blocked. Breaker clearing times are recorded and trended for signs of
degradation. The measured response times are less than the 10 cycles assumed for accident
analysis. Breaker response time averages about 6 cycles for the undervoltage trip attachment
and about 3.5 cycles for the shunt trip attachment. Should the as-found response times show
an upward trend and reach 8 cycles, the breaker components or the breaker itself will be
replaced or repaired to maintain acceptable performance.
In addition to response time, the parameters of undervoltage trip attachment dropout voltage,
trip force, and breaker insulation resistance are trended in order to detect degradation.
Functional testing of the reactor trip breakers is performed monthly with each of the two
breakers tested on alternate months. The tests include independent testing of the
undervoltage trip attachments and shunt trip attachments of the reactor trip breakers.
7.2.5
7.2.5.1

INTERACTION OF CONTROL AND PROTECTION SYSTEMS
Introduction

The design basis for the control and protection systems permits the use of a sensor for both
protection and control functions. Where this is done, all equipment common to both the
protection and control circuits is classified as part of the protection system. Isolation
amplifiers prevent a control system failure from affecting the protection system. In addition,
where failure of a protection system component can cause a process excursion which
requires protective action, the protection system can withstand another independent failure
without loss of function. Generally, this is accomplished with two-out-of-four trip logic.
Also, wherever practical, provisions are included in the protection system to prevent a plant
outage because of single failure of a sensor.
Evaluation of the Ginna Station Reactor Trip System (RTS) isolation was performed as part
of the SEP, Topic VII-1.A. The safety evaluation concluded (Reference 1) that the Reactor
Trip System (RTS) is adequately isolated from non-safety systems and satisfies the criteria set
forth in 10 CFR 50, Appendix A (GDC 24), and IEEE-279 (1971), Section 4.7.2.
7.2.5.2
7.2.5.2.1

Specific Control and Protection Interactions
Nuclear Flux

Four power-range nuclear flux channels are provided for overpower protection. (See
Drawings 33013-1353, Sheet 2 and 33013-1353, Sheet 10.) Isolated outputs from all four
channels are averaged for automatic control rod regulation of power. If any channel fails in
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such a way as to produce a low output, that channel is incapable of proper overpower
protection. In principle, the same failure would cause rod withdrawal and overpower. Twoout-of-four overpower trip logic will ensure an overpower trip if needed even with an
independent failure in another channel.
In addition, the control system will respond only to rapid changes in indicated nuclear flux;
slow changes or drifts are overridden by the temperature control signal. Also, a rapid
decrease of any nuclear flux signal will block automatica rod withdrawal as part of the rod
drop protection circuitry. Finally, an overpower signal from any nuclear channel will block
automatica and manual rod withdrawal. The setpoint for this rod stop is below the reactor trip
setpoint.
7.2.5.2.2

Coolant Temperature

Four TAVG channels are used for overtemperature-overpower protection. Isolated output
signals from all four channels are also averaged for automatic control rod regulation of power
and temperature. In principle, a spuriously low temperature signal from one sensor would
partially defeat this protection function and also cause rod withdrawal and overtemperature.
Two-out-of-four trip logic is used to ensure that an overtemperature trip will occur if needed
even with an independent failure in another channel.
In addition, channel deviation alarms in the control system will block automatic rod motion
(insertion or withdrawalb) if any temperature channel deviates significantly from the others.
Automaticb and manual rod withdrawal blocks will also occur if any two of four nuclear
channels indicates an overpower delta T condition or if any two of four temperature channels
indicates an overtemperature delta T condition. Finally, as shown in Section 15.4.2, the
combination of trips on nuclear overpower, high pressurizer water level, and high pressurizer
pressure also serves to limit an excursion for any rate of reactivity insertion.
7.2.5.2.3

Pressurizer Pressure

Three high pressure and four low pressure channels are used for high pressure and low
pressure protection and for overpower and overtemperature protection.
Isolated output signals from these channels also are used for pressure control. These are
discussed separately below.
A. Control of rod motion: the discussion for coolant temperature is applicable, i.e., two-outof-four logic for overpower-overtemperature protection as the primary protection, with
backup from multiple rod stops and "backup" trip circuits.
B. Pressure control: spray, Pressurizer Power Operated Relief Valves (PORV), and heaters are
controlled by isolated output signals from the pressure protection channels.
a.
b.

The automatic rod withdrawal function of the reactor control system has been disabled. Rod blocks for
automatic rod withdrawal on rod drops are no longer required.
The automatic rod withdrawal function of the reactor control system has been disabled. Rod blocks for
automatic rod withdrawal are no longer required.
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Low pressure
A spurious high pressure signal from one channel can cause low pressure by spurious
actuation of spray and/or a relief valve. Additional redundancy is provided in the protection
system to ensure underpressure protection, i.e., two-out-of-four low pressure reactor trip
logic and one-out-of-three logic for safety injection. (Safety injection is actuated on two-outof-three low pressure.)
In addition, interlocks are provided in the pressure control system such that a relief valve will
close if either of two independent pressure channels indicates low pressure. Spray reduces
pressure at a lower rate and sometimes is available for operator action (about 3 minutes at
maximum spray rate before a low pressure trip is required).
High pressure
The pressurizer heaters are incapable of overpressurizing the reactor coolant system.
Maximum steam generation rate with heaters is about 7500 lb/hr, compared with a total
capacity of 576,000 lb/hr for the two safety valves and a total capacity of 358,000 lb/hr for
the two Pressurizer Power Operated Relief Valves (PORV). Therefore, overpressure
protection is not required for a pressure control failure. Two-out-of-three high pressure trip
logic is therefore used.
In addition, either of the two Pressurizer Power Operated Relief Valves (PORV) can easily
maintain pressure below the high-pressure trip point. The two Pressurizer Power Operated
Relief Valves (PORV) are controlled by independent pressure channels, one of which is
independent of the pressure channel used for heater control. Finally, the rate of pressure rise
achievable with heaters is slow, and ample time and pressure alarms are available for operator
action.
7.2.5.2.4

Pressurizer Level

Three pressurizer level channels are used for high-level reactor trip (two-out-of-three).
Isolated output signals from these channels are used for volume control, increasing or
decreasing water level. A level control failure could fill or empty the pressurizer at a slow
rate (on the order of half an hour or more).
The pressurizer level instrument utilizes an open reference leg, which is maintained full by
condensing steam from the pressurizer vapor space. Three pressurizer level transmitters are
fed from independent reference legs. Channel independence is maintained from the reference
leg to the sensors to the relays providing the trip logic as required by Section 7.1.2. This
design is adequate for controlling pressurizer level and for safely performing all protection
and safeguards functions.
High level
A reactor trip on pressurizer high level is provided to prevent rapid thermal expansions of
reactor coolant fluid from filling the pressurizer: the rapid change from high rates of steam
relief to water relief could be damaging to the safety valves and the relief piping and pressure
relief tank. However, a level control failure cannot actuate the safety valves because the high-
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pressure reactor trip is set below the safety valve set pressure. With the slow rate of charging
available, overshoot in pressure before the trip is effective is much less than the difference
between reactor trip and safety valve set pressures. Therefore, a control failure does not
require protection system action. In addition, ample time and alarms are available for
operator action.
Low level
A signal of low level from either of two independent level control channels will isolate
letdown, thus preventing the loss of coolant. Ample time and alarms exist for operator
action.
7.2.6

ANTICIPATED-TRANSIENT-WITHOUT-SCRAM MITIGATION SYSTEM
ACTUATION CIRCUITRY

10 CFR 50.62 requires that all PWRs provide a means that is diverse and independent from
the existing Reactor Trip System (RTS) for tripping the main steam turbine and initiating
auxiliary feedwater flow following an anticipated transient without scram (ATWS) event.
Anticipated transients include loss of normal feedwater flow, loss of electrical load that
results in closure of the turbine stop valves, and loss of offsite power. Rochester Gas &
Electric has installed a system providing ATWS mitigation system actuation circuitry
(AMSAC) at Ginna Station that satisfies the 10 CFR 50.62 requirement (Reference 2). The
AMSAC is based on low feedwater flow logic. The AMSAC is a non-Class 1E system
designed to trip the turbine and start the motor-driven (MDAFW) and turbine-driven
(TDAFW) auxiliary feedwater pumps if main feedwater flow is lost with reactor power above
40%. The actuation signal has a variable time delay that is a function of reactor power, to
permit time to recover from partial loss of feedwater flow, if possible, without initiating
AMSAC. In addition, a power level lock-in feature latches the timing value of the variable
timer, for that power, at the moment an ATWS event actuates. Existing feedwater flow and
turbine first-stage pressure instruments provide the necessary input signals. The AMSAC
system is powered from the technical support center battery.
Four feedwater flow signals, two per loop, are used to detect the loss of main feedwater. Any
three of the four channels indicating a loss of flow will call for initiation of auxiliary feedwater
and a turbine trip.
The actuation signals are blocked (C-20 permissive) below a level of 40% reactor power, as
determined by one of two turbine first stage pressure signals being below predetermined
setpoints. Both of the turbine first-stage pressure signals exceeding their setpoint
(corresponding to 40% reactor power) will arm the AMSAC logic and permit actuation of the
turbine trip and auxiliary feedwater start circuits. To ensure the AMSAC system remains
armed sufficiently long to perform its function in the event of a turbine trip, the C-20
permissive signal will be maintained via a preset time delay for at least 30 sec longer than the
value of the variable timer at 40% nominal reactor power after the turbine trip has occurred.
This interlock is provided since it has been demonstrated that the reactor coolant system
pressure does not approach the ASME stress level C limit of 3200 psig when an ATWS event
occurs below 40% reactor power. This is to ensure that spurious AMSAC actuations do not
occur at low power operations and during startup. The block will automatically be removed
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as reactor power increases above the 40% level and reinstated as reactor power decreases
below the 40% level.
The AMSAC signal processing hardware is Foxboro Spec 200 and Spec 200 Micro and is
housed in a Spec 200 instrument rack (Fox 3 Rack) in the relay room. The existing feedwater
flow and turbine first-stage pressure signals are input to the AMSAC from racks in the control
and relay rooms via the relay room cable trays. In addition, AMSAC status lights and a
manual bypass switch are installed on the main control board. The AMSAC output actuation
signals are input to the existing turbine trip and auxiliary feedwater start logic via qualified
output relays. The AMSAC equipment power supply must be independent of existing
Reactor Trip System (RTS) power supplies and shall not fail upon loss of offsite power. The
technical support center battery satisfies these requirements. The AMSAC 120-V ac power
supply is obtained from a static inverter, which receives its input from the technical support
center battery.
During power operations, operability of the AMSAC is testable from each analog input to the
final output actuation relay. The AMSAC actuation logic can be bypassed by the manual
bypass switch to preclude actually tripping the turbine and starting auxiliary feedwater flow.
Indication that the AMSAC is in the bypass mode is continuously displayed in the control
room. During shutdown, operability of the system can be tested from the analog inputs to
verification of turbine trip and initiation of auxiliary feedwater flow. Maintenance and testing
at power is also possible by placing the system in the bypass mode.
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REFERENCES FOR SECTION 7.2
1.

Letter from D. M. Crutchfield, NRC, to L. D. White, Jr., RG&E, Subject: SEP Topic VII1.A; Reactor Protection System Isolation, dated December 12, 1980.

2.

Letter from C. Stahle, NRC, to R. C. Mecredy, RG&E, Subject: Safety Evaluation Report
on Compliance with ATWS Rule, 10 CFR 50.62(c)(1), dated March 16, 1989.
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Table 7.2-1
Table DELETED
Table DELETED
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Table 7.2-2
PERMISSIVE CIRCUITS
Permissive Function
Number

Input

1

Rod stop on overpower 1/4 high nuclear flux (power range);
1/2 high nuclear flux (intermediate range);
2/4 overtemperature delta T;
or 2/4 overpower delta T.

2

Auto-rod withdrawal
stop at low powers

1/1 low MWe load signal

3

Auto-rod withdrawal
stop on rod drop

1/4 rapid decrease of nuclear flux or rod bottom
indication

4

Steam dump interlock

1/1 rapid decrease of MWe load signal

5a

a.

6

Manual block of source 1/2 high intermediate range allows manual block, 2/2 low
range level trip
intermediate range defeats block

7

Permissive power
(block various trips)

3/4 low-low nuclear flux or 1/2 low MWe load signal

8

Block single primary
loop loss of flow trip

3/4 low nuclear power

9

Block reactor trip on
turbine trip

3/4 low nuclear flux and steam bypass unblocked

10

Manual block of low
power trip and
intermediate range trip

2/4 high nuclear flux allows manual block, 3/4 low
nuclear flux defeats manual block

Not applicable to this plant.
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Table 7.2-3
REACTOR TRIP FUNCTION SETPOINTS
Reactor Trip Function Limiting Safety
System Setting

Protection

Source range high flux

Shutdown reactivity change start-up accident

1x105 CPS

Intermediate range high current equivalent to
25.7% rated thermal
flux
power

Start-up accident

Power range high flux
(low setpoint)

a

Start-up accident

Power range high flux
(high setpoint)

a

Overpower

Single loop low flow

a

DNB

Two loop low flow

a

DNB

Manual

NA

Operator judgement

4-kV bus undervoltage

3101 volts

Anticipatory loss of RCS flow, DNB

4-kV bus under
frequency

a

Anticipatory loss of RCS flow, DNB

Overtemperature T

a

DNB

Overpower T

a

Excessive kW/ft
Page 38 of 142

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 7 INSTRUMENTATION AND CONTROLS

Reactor Trip Function Limiting Safety
System Setting

Protection

Pressurizer low
pressure

a

DNB limits range of overtemperature T

Pressurizer high
pressure

a

RCS overpressure

Steam generator lowlow level

a

Loss of heat sink

Turbine trip
Autostop oil pressure
or
Turbine stop valves
Safety injection

Limits temperature and pressure transients
on reactor imposed by turbine trip
45 psig
Closed
Any of 4 safety
injection signals

Zirc guide
Thot

Trips reactor to limit DNB

Rod drive damage
500Fb

Pressurizer high level

a

Prevent water relief through pressurizer
safety valves and RCS integrity

a.

Technical Specifications Table 3.3.1-1 specifies the limiting Trip Setpoint for Reactor Trip functions
credited in the accident analyses.

b.

This is a nominal value, as the Zirconium Guide Tube Trip is a commercial concern only.
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7.3

ENGINEERED SAFETY FEATURES SYSTEMS

The engineered safety features systems are used to provide protection against the release of
radioactive materials in the event of a loss-of-coolant accident or a secondary line break
accident. The engineered safety features systems function to maintain the reactor in a
shutdown condition. They also provide sufficient core cooling to limit the extent of fuel and
fuel cladding damage and to ensure the integrity of the containment structure. These functions
rely on the Engineered Safety Features Actuation System (ESFAS) and associated
instrumentation and controls.
7.3.1

DESIGN CRITERIA

The design criteria discussed in Section 7.2.1 for the Reactor Trip System (RTS) are equally
applicable for the engineered safety features actuation. The following criteria were used
during the licensing of Ginna Station. They represent the Atomic Industrial Forum (AIF)
version of proposed criteria issued by the AEC for comment on July 10, 1967 (see Section
3.1.1). Conformance with 1972 General Design Criteria of 10 CFR 50, Appendix A is
discussed in Section 3.1.2. The criteria discussed in Section 3.1.2 as they apply to the
engineered safety features systems include 2, 4, 13, 19, 20, 21, 22, 23, 24, and 29.
7.3.1.1

Protection Systems

CRITERION: Protection systems shall be provided for sensing accident situations and
initiating the operation of necessary engineered safety features (AIF-GDC 15).
The Engineered Safety Features Actuation System (ESFAS) provides actuation of the
following functions: safety injection, containment isolation, steam line isolation, containment
spray and feedwater isolation, automatic diesel startup, and preferred auxiliary feedwater
pump startup.
The safety injection system delivers water to the reactor core following a loss-of-coolant
accident. The principal components of the safety injection system are two passive
accumulators (one for each loop), three high-head safety injection pumps, two low-head
safety injection (residual heat removal) pumps, and the essential piping and valves. The
accumulators are passive devices which discharge into the cold leg of each loop.
The safety injection system may be actuated by two-out-of-three low-pressurizer-pressure
signals, two-out-of-three low-steam-line-pressure signals, two-out-of-three highcontainment-pressure signals; or the system can be actuated manually. Any of the safety
injection system signals will open the system isolation valves, start the high-head safety
injection pumps and the low-head (residual heat removal) pumps (see Section 6.3).
The steam line isolation valves are closed upon receipt of high steam line flow in conjunction
with a safety injection system signal, by containment pressure, or by manual initiation. See
Section 6.2.4.3 and Section 7.3.2.2.1 for a more detailed description of steam line isolation.
The containment spray system consists of two pumps, one spray additive tank, valves, piping,
and spray nozzles. Containment spray is initiated by coincident signals from two sets of twoout-of-three containment pressure signals monitoring containment high-high pressure. The
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actuation signal starts the pumps and opens the discharge valves to the spray header. Valves
for the spray additive tank open after a very short time delay.
Containment isolation is initiated by an automatic safety injection system signal or manually.
Actuation of containment isolation trips the containment sump pumps, closes containment
isolation valves (as discussed in Section 6.2.4 and listed in Tables 6.2-15 and 6.2-16), and
trips the purge supply and exhaust fans. Containment ventilation isolation and
depressurization valves are also isolated on high containment activity (R-11 and R-12), any
safety injection signal, or from a manual containment spray signal. See Section 6.2.4.3 for a
more detailed description of containment isolation and containment ventilation isolation.
The feedwater isolation system consists of the two main feedwater regulating valves, two
main feedwater regulating valve bypass valves, and two main feedwater isolation valves. The
main feedwater regulating valves and the main feedwater regulating bypass valves close
when they receive a safety injection system signal or an engineered safety feature sequence
initiation signal. They fail closed if power or air is lost. The two main feedwater isolation
valves close when they receive a safety injection signal. They fail close if power or
instrument air is lost. See Section 7.3.2.2.2 for a more detailed description of feedwater
isolation.
Automatic diesel startup will be caused by undervoltage at the engineered safety features
buses in addition to being caused by the safety injection signal.
The motor-driven auxiliary feedwater pumps (MDAFW) start upon a safety injection signal,
either steam-generator low-low level, loss of both main feedwater pumps, or ATWS
Mitigation System Actuation Circuitry (AMSAC) actuation. The turbine-driven auxiliary
feedwater pump (TDAFW) will start on low-low level in both steam generators and loss of
bus voltage on 11A and 11B. See Section 7.3.2.2.2 and Section 7.2.6 for a more detailed
description of auxiliary feedwater pump starts.
7.3.1.2

Redundancy and Independence

CRITERION: Redundancy and independence designed into protection systems shall be
sufficient to assure that no single failure or removal from service of any
component or channel of such a system will result in loss of the protection
function. The redundancy provided shall include, as a minimum, two channels
or protection for each protection function to be served (AIF-GDC 20).
The initiation of the engineered safety features provided for loss-of-coolant accidents (e.g.,
high-head safety injection and residual heat removal pumps, and containment spray systems)
is accomplished from several signals derived from reactor coolant system and containment
instrumentation. Channel independence is carried throughout the system from the sensors to
the signal output relays including the power supplies for the channels. (Routing and
separation standards applicable to existing cables are those that were invoked at the time of
cable installation. For more information, see Section 8.3.1.4.) The initiation signal for
containment spray comes from coincidence of two sets of two-out-of-three high-high
containment pressure signals. The containment fan cooler recirculation system is initiated
by a safety injection signal and the dampers are aligned to make use of the charcoal filters.
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The signal for containment isolation of non-vital valves, i.e., the isolation valves trip signal, is
derived from an automatic safety injection signal. This setpoint for safety injection input from
coincident two-out-of-three containment high-pressure signals is below that for containment
spray actuation.
Strict administrative control prevents the opening of large penetrations during reactor
operation. For example, personnel locks are interlocked to ensure that one door is always
closed, with verification by signals in the main control room. Ventilation purge valves also
must be maintained closed at all times while the reactor is critical and cannot be opened until
the reactor has been subcritical for at least 1 hr. (See Section 6.2.4.4.9. for a description of
current containment purging methodology.)
The Ginna onsite emergency ac power system consists of two redundant diesel-generator
power trains. Diesel generator 1A supplies 480-V buses 14 and 18 and diesel generator 1B
supplies 480-V buses 16 and 17.
Manual means exist to tie buses 17 and 18 through a tie breaker and to tie buses 14 and 16
through two tie breakers. The control circuit for each electrically operated breaker provides
interlocks such that the breaker cannot be closed if more than one diesel generator or normal
supply breaker is closed on either bus. Additionally, if the tie breakers are closed, they will
trip upon a safety injection signal or when an undervoltage signal is received from both buses
the breaker ties together. Restoration of normal supply or diesel generator supply breakers
onto a bus requires the respective bus tie breaker to be opened. For buses 14 and 16, manual
operation would be required to physically insert and close the manually operated bus tie
breaker at bus 14. For buses 17 and 18, manual operation would be required to physically
insert the bus tie breaker prior to electrically closing the breaker.
7.3.1.3

Testing While In Operation

CRITERION: Means shall be included for suitable testing of the active components of
protection systems while the reactor is in operation to determine if failure or
loss of redundancy has occurred (AIF-GDC 25).
The testability of the protection channels at power is discussed in Section 7.2.1.
Periodic testing of the diesel generators is routinely performed to ensure their operability.
During power operation, surveillance testing verifies that the fuel transfer system is
operational, the diesels start from normal standby conditions, the generators are properly
synchronized and loaded, and that proper alignment is made so that the diesel generators could
supply safeguards bus power. During shutdown conditions, the diesel generators are tested to
ensure they can restore safeguards bus voltage in a timely manner by automatically actuating
breakers in the time period required.
7.3.1.4

Fail Safe Design

CRITERION: The protection systems shall be designed to fail into a safe state or into a state
established as tolerable on a defined basis if conditions such as disconnection of
the systems, loss of energy (e.g., electrical power, instrument air), or adverse
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environments (e.g., extreme heat or cold, fire, steam, or water) are experienced
(AIF-GDC 26).
The design criterion for the protection systems in general is addressed in Section 7.2.1.
7.3.2

SYSTEM DESCRIPTION

The function of the instrumentation and control associated with the engineered safety features
is to supply component trip signals and to initiate the engineered safety features.
The Engineered Safety Features Actuation System (ESFAS) logic and sequence are shown in
Drawing 33013-1353, Sheets 6 through 9. The major difference between the engineered
safety features instrumentation and the Reactor Trip System (RTS) instrumentation (Section
7.2.2) is that each protective action is initiated by two pairs of coincident input signals which
actuate the engineered safety features equipment. Protective action is initiated when either of
the two channels becomes deenergized.
Sensors, process and nuclear instrumentation, and protection cabinets are discussed in
Section 7.2.2.1. The Engineered Safety Features Actuation System (ESFAS) logic controls
are arranged and operate in a similar manner to that of the reactor trip logic cabinets. There
are four cabinets for each protection train. Each cabinet receives protection signals from the
safeguards bistables in the protection cabinets. All of the cabinets are divided into two
sections by a metal divider plate. The safeguards logic relays are located in the front section,
and master and auxiliary relays are positioned in the rear of the cabinets. The safeguards
logic relay coils are powered by the actuation bistables in the protection cabinets and are
energized during normal operations. As in the reactor trip logic cabinets, the logic relay
contacts are arranged in a logic matrix, a major difference being the safeguards logic relay
contacts are shut when the respective coil is deenergized. The logic matrices are wired in
series with the master relay and a power supply, which therefore regulate the relays state of
operation. The master relay contacts control the power supplied to the auxiliary relays. One
master relay controls several auxiliary relays. The auxiliary relays in turn control the
automatic operation of various pieces of engineered safety features equipment.
When a condition within the reactor plant occurs that requires engineered safety features
actuation, the protection bistables will switch to the OFF state at the output. Once this occurs,
the safeguards logic relays will deenergize, shutting their contacts. When the required
number of logic relay contacts within the logic matrix shut, the master relay will energize,
closing its contacts and activating the auxiliary relays. As the auxiliary relays contacts shut,
different pieces of engineered safety features equipment start up or operate to mitigate the
detected unsafe condition.
7.3.2.1

Initiating Circuitry

The Engineered Safety Features Actuation System (ESFAS) circuitry and hardware layout are
designed to maintain circuit isolation through the bistable-operated logic relays. The
channelized design follow-through is shown in Figure 7.3-4.
The safeguards bistables, mounted in the analog protection racks, drive both A and B logic
matrix relays. Each matrix contains its own test light and test circuitry. Control power for
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logic channels A and B is supplied from dc sources 1 and 2, respectively. These redundant
actuating channels operate the various engineered safety features components that are
required, with the large loads sequenced as necessary.
Manual reset of the Engineered Safety Features Actuation System (ESFAS) relays may be
accomplished at any time following their operation. Once reset action is taken, the master
relay is reset and its operation blocked until the engineered safety features initiating signal
clears, at which time it is automatically unblocked and restored to service.
Protection channel separation is maintained by metal barriers arranged as shown in Figure
7.3-4. Protection channel identity is lost in the intermixing of the relay matrix wiring.
Separation of A and B logic channels is maintained by the separate logic racks.
7.3.2.2

System Functions

The engineered safety features instrumentation automatically performs the following vital
functions:
1. Starts operation of the safety injection system.
2. Operates the containment isolation and ventilation isolation valves.
3. Starts the containment spray system upon detection of a higher containment pressure signal
than required in item 2 above, based on coincidence of two sets of two-out-of-three highpressure signals.
4. Starts the containment fan cooler recirculation system.
7.3.2.2.1

Steam Line Isolation

Either of the following signals will initiate steam line isolation:
1. One-out-of-two high-high steam flow in a particular steam line in coincidence with any
safety injection signal will close the main steam isolation valve in that line. One-out-of-two
high steam flow in a steam line in coincidence with two-out-of-four indications of low
TAVG and any safety injection signal will also close the main steam isolation valve in that
line.
2. Two-out-of-three high-high-containment-pressure signals will close both main steam
isolation valves.
3. Manual steam line isolation (pushbutton) will close the associated main steam isolation
valve.
7.3.2.2.2

Feedwater Line Isolation

The feedwater isolation system consists of two main feedwater isolation valves, two main
feedwater regulating valves, and two main feedwater regulating bypass valves. The main
feedwater regulating valves and the bypass valves close when they receive a safety injection
system signal or an engineered safety feature sequence initiation signal. They fail close if
power or air is lost. Any safety injection signal will redundantly isolate the feedwater lines by
(1) venting the supply air to all main feedwater regulating valves causing valves to close, (2)
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closing the main feedwater isolation valves, and (3) tripping the main feedwater pumps,
including closure of the feedwater pump discharge valves.
Additional safety features are provided to prevent emergency conditions from becoming
accident conditions. These are:
1. Automatic diesel startup will be caused by low voltage on the feeder lines to the engineered
safety features buses in addition to being caused by the safety injection signal.
2. The motor-driven auxiliary feedwater pumps (MDAFW) start upon a safety injection
signal, steam generator low-low level on either steam generator, trip of both main feedwater
pumps, or ATWS Mitigation System Actuation Circuitry (AMSAC) actuation.
3. The turbine-driven auxiliary feedwater pump (TDAFW) will start on low-low level in both
steam generators, loss of voltage on both 4160-V buses 11A and 11B, or AMSAC
actuation.
4. The TDAFW pump dc Lube Oil Pump can be powered by a portable diesel generator (DC) in
the emergency event of a loss of site AC and DC power, to maintain proper steam generator
level.
5. The Main Feedwater Regulating Valves (MFRV) and bypass valves will close after a reactor
trip in coincidence with low TAVG, if the valves are in automatic control.
6. The MFRV and bypass valve for a steam generator will close on high steam generator level
in the associated steam generator.
The 4-k V buses 11A and 11B loss of voltage trip setpoint for the start of the turbine driven
auxiliary feedwater (TDAFW) pump is 2870-Volts.
The trip logic for the Engineered Safety Features Actuation System (ESFAS) is shown in
Drawing 33013-1353, Sheets 6, 7, and 9.
7.3.2.3

Sensing and Display Instrumentation

The following instrumentation helps to monitor the effective operation of the engineered
safety features:
7.3.2.3.1

Reactor Vessel Level Indication System

Redundant differential pressure transducers are used to monitor reactor vessel coolant level
during all phases of plant operation, including postaccident conditions with quasi-steady-state
conditions and during relatively slow developing transients. The system provides trending of
reactor vessel coolant inventory to ensure adequate core cooling during these postaccident
and transient conditions. (Section 7.6.5.)
7.3.2.3.2

Containment Pressure

Six channels monitoring containment pressure reflect the effectiveness of engineered safety
features.
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7.3.2.3.3

Containment Sump Level

Redundant containment sump B level indicators (LI-942 and LI-943) show that water has
been delivered to the containment following an accident and that, subsequently, the residual
heat removal pumps will be effective in providing recirculation flow. These containment
sump B level indicating switches are designed to withstand accident conditions.
7.3.2.3.4

Accumulator Level and Pressure

Redundant pressure and level transmitters for each accumulator provide information about
the ability of the accumulators to discharge their contents into the reactor coolant system cold
legs following a loss-of-coolant accident.
7.3.2.3.5

Refueling Water Storage Tank Level (RWST)

Two channels indicate that safety injection and containment spray have removed water from
the storage tank and provide information on when to initiate the sump switchover emergency
procedure.
7.3.2.3.6

Sodium Hydroxide Tank Level and Flow

Transmitters provide information necessary to determine the quantity of NaOH injected into
the containment spray system during the injection and recirculation phases following a lossof-coolant accident.
7.3.2.3.7

Safety Injection Pumps Discharge Pressure and Flow

These channels clearly show that the safety injection pumps are operating and delivering
sufficient flow to the proper loops. The pressure transmitters are outside the containment; the
flow transmitters are inside the containment.
7.3.2.3.8

Residual Heat Removal (Low-Head Safety Injection) Flow

Redundant transmitters provide the capability to determine the effectiveness of these pumps
to deliver the necessary flow.
7.3.2.3.9

Pump Energization

All pump motor power feed breakers indicate that they have closed by energizing indicating
lights on the control board.
7.3.2.3.10

Valve Position

All active engineered safety features valves have position indication on the control board to
show proper positioning of the valves. Air-operated and solenoid-operated valves are
selected so as to move in a preferred direction on the loss of air or power. Motor-operated
valves remain in their positions at the time of loss of power to the motor.
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7.3.2.3.11

Residual Heat Exchangers

Combined exit flow is indicated and combined inlet temperature is recorded on the control
board to monitor operation of the residual heat exchangers. In addition, the exit temperature
of each heat exchanger is locally indicated. These transmitters are outside reactor
containment.
7.3.2.3.12

Alarms

Visual and audible alarms are provided to call attention to abnormal conditions. The alarms
are of the individual acknowledgement type; that is, the operator must recognize and silence
the audible alarm for each alarm point. For most control systems, the sensing device and
circuits for the alarms are independent, or isolated from, the control devices.
7.3.2.3.13

Air Coolers

The cooling water discharge flow and exit temperature of each of the four containment fan
coolers are alarmed in the control room if the flow is low or if the temperature is high. The
transmitters are outside the reactor containment. In addition, the exit flow is monitored for
radiation and alarmed in the control room if high radiation should occur. This is a common
monitor and the faulty cooler can be detected locally by manually valving each one out in
turn.
7.3.2.3.14

Local Instrumentation

In addition to the above, the following local instrumentation is available:
•

Residual heat removal (RHR) pumps discharge pressure.

•

Residual heat exchanger exit temperatures.

•

Containment spray (CS) test lines total flow.

•

Safety injection (SI) test line flow and SI pump pressure.

7.3.2.4

Engineered Safety Features Reset Controls

Safety Injection Circuit. This circuit has a reset switch which gives the operator the means of
resetting safety injection 1 minute or longer after initiation. Actuation of the reset switch only
does not change the state of any equipment but permits the operator to place the equipment
affected by safety injection to the position desired.
Containment Ventilation Isolation Circuit. This circuit has been modified to ensure that no
equipment changes state upon the actuation of the containment ventilation isolation reset
switch. Once the reset switch has been actuated, the operator must then operate the control
module switch/indicator on the containment isolation reset pushbutton panel for equipment
requiring change of state.
Containment Isolation Circuit. This circuit has been modified to ensure that no equipment
changes state upon the actuation of the containment isolation reset switch. Once the reset
switch has been actuated the operator must then operate the control module switch/indicator
on the containment isolation reset pushbutton panel for equipment requiring change of state.
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Containment Spray Circuit. This circuit has a reset switch which gives the operator the means
of resetting containment spray. Once the reset switch has been actuated, the spray additive
tank discharge valves will return automatically to the position called for by their controllers.
The containment spray pumps and their discharge valves would require operator action to
change state. This capability is necessary so the operator has flexibility in dealing with
postaccident conditions within containment (i.e., loss-of-coolant accident or steam line
break).
7.3.3
7.3.3.1

DESIGN EVALUATION
Engineered Safety Features Systems Isolation

The engineered safety features control logic and design were evaluated under the Systematic
Evaluation Program (SEP), Topic VII-2 (Reference 1), as it conforms to 10 CFR Part 50,
Appendix A; General Design Criteria 22 and 24; and IEEE 279-1971. The evaluation
concluded that nonsafety systems which are electrically connected are properly isolated from
the engineered safety features and that the isolation devices meet the above licensing criteria.
7.3.3.2

Loss of Voltage or Degraded Voltage on Engineered Safety Features Bus

The loss of voltage and degraded voltage trips ensure operability of engineered safety features
equipment during a postulated design-basis event concurrent with a degraded bus voltage
condition.
The undervoltage setpoints are selected so that engineered safety features motors will start
and accelerate the driven loads (pumps) within the required time and will be able to perform
for long periods of time at degraded conditions above the trip setpoints without significant
loss of design life. All control circuitry or safety-related control centers and load centers,
except for motor control centers M and L, are dc. Therefore, degraded grid voltages do not
affect these control centers and load centers. Motor control centers M and L, which supply
the standby auxiliary feedwater system, are fully protected by the undervoltage setpoints.
Further, the standby system is normally not in service and is manually operated only in the
event of a total loss of feedwater and preferred auxiliary feedwater. Degraded and loss of
voltage conditions are discussed in Sections 8.3.1.1.4.1. and 8.3.1.2.7.
7.3.4
7.3.4.1

TESTING
Analog Channel Testing

The basic elements comprising an analog protection channel are shown in Figure 7.3-6. This
system consists of a transmitter, power supply, bistable, bistable trip switch and proving lamp,
test signal injection switch, test signal injection jack, and test point.
Each protection rack will include a test panel containing those switches, test jacks, and related
equipment needed to test the channels contained in the rack. A hinged cover encloses the signal
injection switch and signal injection jack of the test panel.
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Opening the cover or placing the test-operate switch in the TEST position will initiate an
alarm identifying the rack under test. These alarms are arranged on a rack basis to preclude
entry to more than one redundant protection rack (or channel) at any time. The test panel
cover is designed such that it cannot be closed (and the alarm cleared) unless the test device
plugs (described below) are removed. Closing the test panel cover will mechanically return
the test switches to the NORMAL position.
Administrative procedures will require that the bistable in the channel under test be placed in
the tripped mode prior to test. This places a proving lamp across the bistable output so that the
bistable trip setting can be checked during channel calibration. The bistable trip switches
must be manually reset after completion of a test. Closing the test panel cover will not restore
these switches to the untripped mode. To prevent safety injection trip, procedures limit
bistable testing to one circuit at a time.
Actual channel calibration will consist of producing a test signal using the transmitter power
supply external calibration device which plugs into the signal injection jack. In this
application, where specified, the channel power supply will serve as a power source for the
calibration device to permit verifying the output load capacity of the power supply. Test points
are located in the analog channel and provide an independent means of measuring and/or
monitoring the calibration signal level.
7.3.4.2

Logic Channel Testing

Figure 7.3-6 shows the basic logic test scheme. Test switches will be located in the associated
relay racks rather than in a single test panel. The following procedures will be used for testing
the logic matrices:
A. Following administrative procedure, test channel A or B one at a time.
B. Select a matrix and turn the test switches to TEST, then depress the push button. Test lights
will glow upon actuation of the matrix being tested. Release pushbutton and return test
switch to OPERATE. ON TEST lights glow any time any switch is in a test position. Test
lights can be tested by depressing the lens.
C. Verify master actuating relay coil integrity by connecting ohmmeter across coil terminals.
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REFERENCES FOR SECTION 7.3
1.

Letter from D. M. Crutchfield, NRC, to J. E. Maier, RG&E, Subject: SEP Topic VII-2,
Engineered Safety Features System Control Logic and Design, Safety Evaluation for
Ginna, dated December 28, 1981.
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7.4
7.4.1

SYSTEMS REQUIRED FOR SAFE SHUTDOWN
DESCRIPTION

In the Systematic Evaluation Program (SEP) review of safe shutdown systems for Ginna
Station, the NRC Staff and RG&E developed a list of the minimum systems necessary to take
the reactor from operating conditions to MODE 5 (Cold Shutdown). Although other systems
may be used to perform shutdown and cooldown functions, the following list is the minimum
number of systems required to fulfill the requirements of Branch Technical Position RSB 5-1
(Reference 1).
1. Reactor Trip System (RTS).
2. Auxiliary feedwater system.
3. Main steam system.
4. Service water (SW) system.
5. Chemical and volume control system.
6. Component cooling water (CCW) system.
7. Residual heat removal system.
8. Electrical instrumentation and power systems for the above systems.
Five basic tasks, or functions, are required to proceed from plant power operation to MODE 3
(Hot Shutdown) to MODE 5 (Cold Shutdown). These functions and their associated alternate
methods are identified in Table 7.4-1.
7.4.1.1

Reactor Trip System (RTS)

The Reactor Trip System (RTS) is described in Section 7.2.
The Reactor Trip System (RTS) is designed on a channelized basis to achieve isolation and
independence between redundant protection channels. Channel independence is carried
throughout the system extending from the sensor to the relay providing the logic. Isolation of
redundant analog channels originates at the process sensors and continues back through the
field wiring and containment penetrations to the analog protection racks. When safety and
control functions are combined, both functions are fully isolated in the remaining part of the
channel, control being derived from the primary safety signal path through an isolation
amplifier. As such, a failure in the control circuitry does not affect the safety channel. Reactor
Trip System (RTS) channels are supplied with sufficient redundancy to provide the capability
for channel calibration and testing at power. Bypass removal of one trip circuit is
accomplished by placing that circuit in a half-tripped mode, i.e., a two-out-of-three circuit
becomes a one-out-of-two circuit. Testing does not trip the system unless a trip condition
concurrently exists in a redundant channel.
The power supplies to the channels are fed from four instrument buses. Two of the buses are
supplied by constant voltage transformers and two are supplied by inverters. Each channel is
energized from a separate ac power feed. Each reactor trip circuit is designed so that a trip
occurs when the circuit is deenergized. An open circuit or the loss of channel power causes
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the system to go into its trip mode. Reliability and independence are obtained by redundancy
within each tripping function. In a two-out-of-three circuit, the three channels are equipped
with separate primary sensors and each channel is energized from an independent electrical
bus. A single failure may be applied in which a channel fails to deenergize when required;
however, such a malfunction can affect only one channel. The trip signal furnished by the
two remaining channels is unimpaired in this event.
7.4.1.2

Auxiliary Feedwater Systems

The auxiliary feedwater systems are described in Section 10.5.
The preferred auxiliary feedwater system is divided into two independent trains. There are
two motor-driven pumps powered from separate redundant 480-V safeguards emergency
buses which can receive power from either onsite or offsite sources. Each motor-driven
pump can provide 100% of the preferred auxiliary feedwater system flow required for decay
heat removal and can be cross-connected to provide flow to either steam generator. There is
also a turbine-driven pump which can receive motive steam from each steam line and provide
flow to either or both steam generators. The turbine-driven pump provides 200% of the flow
required for decay heat removal.
A standby auxiliary feedwater system (SAFW) provides flow in case the preferred auxiliary
feedwater system pumps are inoperable. The standby auxiliary feedwater system (SAFW)
uses two motor-driven pumps which can be aligned to separate service water (SW) system
loops. The standby auxiliary feedwater system (SAFW) has the same features as the
preferred auxiliary feedwater system pumps with regard to functional capability and power
supply separation. The system is manually actuated from the control room.
The standby pumps (SAFW) are electrically interlocked with the primary motor-driven
pumps (MDAFW). The interlocks prevent inadvertent actuation of either standby pump
when its associated motor-driven auxiliary feedwater pump (MDAFW) is available. Standby
auxiliary feedwater pump (SAFW) C cannot be manually started if preferred motor driven
auxiliary feedwater pump (MDAFW) A is operating, and standby pump D cannot be started if
preferred motor driven auxiliary feedwater pump (MDAFW) B is operating. The primary
purpose of the interlocks is to prevent both pumps (A and C or B and D) from being energized
simultaneously and overloading the emergency diesel generator on loss of offsite power.
7.4.1.3

Main Steam System

The main steam system is described in Section 10.3.
The safety-grade shutdown components associated with the main steam system are the main
steam isolation valves, the steam safety valves, and the steam atmospheric dump valves.
Each of the two steam generators is equipped with an air-operated, solenoid-controlled main
steam isolation valve, four steam safety valves, and one air-operated atmospheric dump
valve. The main steam isolation valves will shut upon loss of control air. For core decay heat
removal with natural circulation of the reactor coolant, only one steam generator and one of
its four safety valves are required to remove core decay heat a few seconds after reactor trip.
One atmospheric steam dump, which can be operated from the control room, is also sufficient
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for maintaining MODE 3 (Hot Shutdown) or to achieve cooldown of the reactor coolant
system below MODE 3 (Hot Shutdown) conditions.
Boiling of feedwater in the steam generator is the dominant mode of removing primary
system heat. Normally, the energy in the steam is removed in the turbine and the main
condenser. After the turbine is tripped, the turbine bypass system provides a controlled
steam release directly to the condenser. The ultimate heat sink for the condenser is the
circulating water system. When the condenser is not available, the steam is released directly
to the atmosphere through either the steam safety valves or the atmospheric dump valves. As
the steam is lost, a continuing source of feedwater is required.
7.4.1.4

Service Water System

The service water (SW) system is described in Section 9.2.1.
The service water (SW) system circulates water from the screen house to various heat
exchangers and systems in the containment, auxiliary, and turbine buildings. The system has
four pumps, three of which have the capacity to supply normal cooling loads. One pump is
sufficient to supply essential loads during the injection phase of a LOCA. Two pumps are
sufficient to supply essential loads during the recirculation phase of an accident. The service
water (SW) system piping is arranged so that either pump train can provide flow to each
essential load; through a single loop header; nonessential loads are automatically isolated on a
safety injection (SI) signal concurrent with an associated 480-V safeguards bus undervoltage
condition. Valving is provided to isolate any single active failure and to permit continued
operation of the system. The service water (SW) system consists of a single loop header
supplied by two separate, 100% capacity, safety related pump trains. The physical design of
the service water system is such that one 100% capacity pump from each class 1E electrical
bus (buses 17 and 18) is arranged on a common piping header which then supplies the
service water (SW) loop header. A service water (SW) train is based on electrical source
only.
Motor-operated valves, which isolate nonessential service water (SW) system loads, as well
as the system pumps, are operable from the control room. Power for the service water (SW)
system pumps is provided by the 480-V safeguards emergency buses which can be supplied
by onsite (emergency diesels) or offsite power. One service water (SW) system pump per
emergency diesel is automatically started during postaccident diesel load sequencing.
7.4.1.5

Chemical and Volume Control System

The chemical and volume control system is described in Section 9.3.4.
The chemical and volume control system provides borated water from the boric acid storage
tanks or from the refueling water storage tank (RWST) through three positive displacement
charging pumps to the reactor coolant system. The capacity of one pump (60 gpm) is
sufficient to compensate for contraction of the reactor coolant system coolant during normal
cooldown. One charging pump alone or with one boric acid transfer pump can provide
MODE 5 (Cold Shutdown) boration requirements following reactor shutdown. Borated water
for the charging pumps can be controlled locally or from the control room. Power for the
charging pumps is supplied via the emergency buses from either onsite or offsite power
sources. The charging pumps discharge into a common pulse dampening accumulator. In
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the event of a single failure in the common portion of the system, a redundant method of
charging and boration exists by means of the high-pressure safety injection system. Any of
the three high-pressure safety injection pumps can be lined up from the control room to take
suction from the refueling water storage tank (RWST) and to inject borated water into the
reactor coolant system via the high-pressure safety injection lines, once reactor coolant
system pressure is reduced below 1500 psi.
7.4.1.6

Component Cooling Water System (CCW)

The component cooling water (CCW) system is described in Section 9.2.2.
The component cooling water (CCW) system consists of two pumps, two heat exchangers, a
surge tank, and connecting valves and piping. During normal full power operation, one
component cooling water pump and one component cooling water heat exchanger can
accommodate the heat removal loads. The standby pump and heat exchanger provide 100%
backup.
Both pumps and both heat exchangers are utilized to remove the residual and sensible heat
during plant shutdown. If one of the pumps or one of the heat exchangers is not operative, the
time for cooldown is extended. The component cooling water (CCW) pumps receive power
from the redundant 480-V safeguards emergency buses which can be supplied by onsite or
offsite power. The component cooling water (CCW) system is normally operated from the
control room. The surge tank accommodates expansion, contraction, and in-leakage of water,
and ensures a continuous component cooling water (CCW) supply until a leaking cooling line
can be isolated. Because the surge tank is normally vented to the atmosphere, a radiation
monitor in the component cooling system annunciates in the control room and closes a valve
in the vent line in the event that the radiation level reaches a preset level above the normal
background.
7.4.1.7

Residual Heat Removal System

The residual heat removal system is described in Section 5.4.5.
The residual heat removal system consists of a single drop line from the reactor coolant
system hot leg through two redundant pumps and their associated heat exchangers and back
to the reactor coolant system via a single header. Each pump can be manually crossconnected to the alternate heat exchanger for increased reliability. Normal cooldown of the
reactor coolant system is accomplished by operating both pumps and heat exchangers;
however, a lesser cooldown rate can be achieved with only one pump. With a lake
temperature of 80F or less, one heat exchanger can effect cooldown approximately 30 hr
after shutdown. For a maximum lake temperature of 85F, cooldown to cold shutdown
conditions with one residual heat removal (RHR) heat exchanger would exceed 30 hr;
however, cold shutdown conditions would still be reached in a reasonable period of time.
Each residual heat removal pump is supplied with power from separate redundant 480-V
safeguards emergency buses which can receive power from either onsite or offsite sources.
The system is normally operated from the control room.
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7.4.1.8

Electrical Instrumentation and Power Systems

Table 7.4-2 provides a list of the instruments required to conduct a safe shutdown. The list
includes those instruments which provide information to the control room operator from
which the proper operation of all safe shutdown systems can be inferred. These instruments
show reactor coolant system pressure, reactor coolant system temperature, pressurizer level,
and steam-generator level. Improper trending of these parameters would lead the operator to
investigate the potential causes. Other instruments listed in the table provide the operator
with a direct check on safe shutdown system performance and an indication of actual or
impending degradation of system performance.
Offsite emergency power is provided by two independent transmission lines each connected
to a separate station auxiliary (startup) transformer. A third (delayed access) source of offsite
power can be made available via the unit auxiliary transformer by manually disconnecting
flexible connections at the main generator terminals.
Onsite emergency power is furnished by two diesel-engine generating sets. Either diesel
generator is capable of supplying sufficient safety loads. The diesel generators and loads are
divided on a split-bus arrangement. There is no automatic tie between the two buses. Both
diesels are started by a safety injection signal, and each diesel is started by an undervoltage
condition at either of its 480-V safeguards buses. Each diesel can also be started locally or
from the control room.
Table 7.4-3 lists the safe shutdown systems power source and location.
7.4.2

EVALUATION

In the SEP review of the safe shutdown systems for Ginna Station (Topic VII-3), the NRC
staff noted that the systems required to take the reactor from MODE 3 (Hot Shutdown) to
MODE 5 (Cold Shutdown) (assuming only offsite power is available or only onsite power is
available with a single failure) are capable of initiation to bring the plant to safe shutdown and
are in compliance with current licensing criteria and safety objectives. The staff concluded
that with the installation of a redundant component cooling water (CCW) surge tank level
alarms (See Section 9.2.2.5), Ginna Station satisfies all of the requirements for safe shutdown, including GDC 17 (10 CFR 50, Appendix A), because of the number and quality of
systems provided, an 8-hr battery capacity, and the capability to establish a delayed access
line by backfeeding through the main transformer in less than 8 hours (Reference 2). See
Section 8.2.2.2.3 for additional details.
7.4.3
7.4.3.1

EMERGENCY SHUTDOWN CONTROL
General

The control building, equipment, and furnishings have been designed so that the likelihood of
fire or other conditions making the main control room inaccessible even for a short time is
extremely small.
As a further measure to ensure safety, provisions have been made so that plant operators can
shut down and maintain the plant in a safe condition by means of controls located outside the
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control room. During such a period of control room inaccessibility, the reactor will be
tripped and the plant maintained in the MODE 3 (Hot Shutdown) condition. If the period
extends for a long time, the reactor coolant system can be borated to maintain shutdown as
xenon decays.
Local controls located at the stations are to be utilized at times when attention is needed, and
are within the capability of the plant operating crew. The plant intercom system provides
communication among the personnel so that the operation can be coordinated.
The functions for which local control provisions have been made are listed below along with
the type of control and location in the plant. Transfer of certain components to local controls
is annunciated in the control room.
If the control room should be evacuated suddenly without any action by the operators, the
reactor can be tripped by either of the following:
A. Open both reactor trip breakers at the reactor trip switch gear.
B. Open both MG set breakers at Buses 13 and 15.
Following evacuation of the control room, the following functions, systems, and equipment
are provided to maintain the plant in a safe shutdown condition from outside the control
room:
AA. Residual heat removal (Section 7.4.3.2).
BB.

Reactivity control, i.e., boron injection to compensate for fission product decay (Section
7.4.3.3).

CC.

Pressurizer pressure and level control (Section 7.4.3.4).

DD. Electrical systems as required to supply the above systems (Section 7.4.3.5).
EE.
7.4.3.2

Other equipment, as described in Sections 7.4.3.2 through 7.4.3.7.
Residual Heat Removal

Following a normal plant shutdown, an automatic steam dump control system bypasses steam
to the condenser and maintains the reactor coolant temperature at its no-load value. This
implies the continued operation of the steam dump system, condensate circuit, condenser
cooling water, preferred auxiliary feedwater pumps, and steam generator instrumentation. If
the automatic steam dump control system is not available, independently controlled relief
valves on each steam generator maintain the steam pressure. These relief valves are further
backed up by code safety valves on each steam generator. The steam relief facility is
adequately protected by redundancy and local protection. For decay heat removal, it is only
necessary to maintain the control on one steam generator.
For the continued use of the steam generators for decay heat removal, it is necessary to
provide a source of water of approximately 200 gpm, a means of delivering that water, and
finally, instrumentation for pressure and level indication.
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The normal source of water supply is the secondary feedwater circuit; this implies
satisfactory operation of the condenser, air ejectors, condenser cooling circuit, etc. In addition
to the normal feedwater circuit, the plant may use, as a backup, water from the condensate
storage tanks, lake water via the service water (SW) system, or water provided from the yard
fire hydrant loop.
Feedwater may be supplied to the steam generators by the preferred auxiliary feedwater
pumps (two electric motor-driven and one steam turbine-driven) or the motor-driven standby
auxiliary feedwater pumps (SAFW); these pumps and associated valves have local controls.
7.4.3.3

Reactivity Control

Following a normal plant shutdown to MODE 3 (Hot Shutdown) condition, soluble poison is
added to the primary system to maintain subcriticality. For boron addition, the chemical and
volume control system is used. Boration requires the use of the following:
A. Charging pumps and volume control tank, with boric acid transfer pumps and tanks, and
associated piping; or the charging pumps could draw directly from the refueling water
storage tank (RWST).
B. Regenerative heat exchanger, nonregenerative heat exchanger, and associated equipment
component cooling and service water (SW) systems; or the steam generators could be used
to remove decay heat, using auxiliary feedwater and steam dump.
C. Periodic operation of one main coolant pump, if available, or the auxiliary spray/heaters for
pressurizer homogenization is desirable. However, natural circulation is acceptable.
D. Compressed air for valve operation; manual could be adopted if necessary.
With the reactor held at MODE 3 (Hot Shutdown) conditions, boration of the plant is not
required immediately after shutdown. The xenon transient does not decay to the equilibrium
level until some 10 to 15 hr after shutdown, and a further period would elapse before the 1%
reactivity shutdown margin provided by the control rods had been cancelled. This delay
would provide ample time for initiating boration.
7.4.3.4

Pressurizer Pressure and Level Control

Following a reactor trip, the primary temperature will automatically reduce to the no-load
temperature condition as dictated by the steam generator temperature conditions. This
reduction in the primary water temperature reduces the primary water volume and, if
continued pressure control is to be maintained, makeup is required. This is supplied by the
chemical and volume control system which also provides pressurizer level control in normal
circumstances. This requires the charging pump for boration plus a borated water supply such
as the normal boron regeneration equipment, the boric acid storage tanks, or the refueling
water storage tank (RWST).
7.4.3.5

Electrical Systems

Offsite or onsite emergency power must be available to supply the above systems and
equipment for the MODE 3 (Hot Shutdown) condition.
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7.4.3.6

Startup of Other Equipment

The average ambient air temperature inside containment is maintained below 125F. For this
reason, the containment air recirculation fan coolers should be continued in operation, if
possible.
At least one service water (SW) pump must normally be in operation while the diesel
generators are operating. Hose connections have been installed from the fire water system to
provide an alternate source of cooling water for the diesel generators that is independent of
the service water (SW) system. (See Section 9.5.5.)
7.4.3.7

Indication and Controls Provided Outside the Control Room

The specific indication and controls provided outside the control room for emergency shutdown control are summarized as follows:
7.4.3.7.1

Local Panel Indication

A. The auxiliary feedwater pump panel provides indication of the following:
•

Steam generator wide-range water levels--the median of three wide-range level
transmitters is displayed for each steam generator (2).

•

Steam generator pressures (2).

•

Pressurizer pressure.

•

Pressurizer level.

B. The feedwater bypass valve panel provides indication of steam generator wide-range water
levels--the median of three wide-range level transmitters is displayed for each steam
generator.
C. The charging pump panel provides indication of pressurizer level.
D. Standby auxiliary feedwater flow and pressure is provided in the standby auxiliary feedwater
building.
E. The intermediate building emergency local instrument panel (near the turbine-driven
auxiliary feedwater [AFW] pump) is a new panel installed in response to a 10 CFR 50
Appendix R review that provides the following indications.
•

Primary temperature-reactor coolant system loop A hot and cold leg.

•

Steam generator 1A wide-range level.

•

Steam generator 1A pressure.

•

Turbine-driven auxiliary feedwater flow.

•

Steam Generator 1B wide-range level.

F. Auxiliary building emergency local instrument panel installed in the charging pump room
in response to the Appendix R review to provide for control of the primary coolant
inventory. The panel provides the following indications.
•

Primary pressure.
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•

Pressurizer level.

G. Portable source range drawer to monitor neutron flux.
7.4.3.7.2

Local Motor Controls

Local stop/start pushbutton motor controls with a selector switch are provided at each of the
following motors: motor-driven auxiliary feedwater pumps (MDAFW) and boric acid
transfer pumps. Local trip/close pushbutton breaker controls with a selector switch are
provided for each of the charging pumps. For the charging pumps, the pushbutton trips and
closes the associated bus breaker, while local motor control is established at the associated
variable frequency drive (VFD). The selector switch will transfer control of the switchgear
from the control room to local at the motor. Placing the local selector switch in the local
operating position will give an annunciator alarm in the control room and will turn out the
motor control position lights on the control room panel.
A local start/stop switch and local/remote selector switch are located on the intermediate
building emergency local instrument panel (IBELIP) for local control of the turbine-driven
auxiliary feedwater pump turbine dc-lube-oil pump. This panel may be powered by a portable
DC diesel generator during a loss of both AC and DC plant power.
Remote stop/start pushbutton motor controls with a selector switch are also provided for each
of the containment air recirculation fan motors. These controls are grouped at one point in the
intermediate building convenient for operation. The selector switch will transfer control of
the switchgear from the control room to the remote point. Placing the selector switch to local
operation will give an annunciator alarm in the control room and will turn out the motor
control position lights on the control room panel.
Remote stop/start pushbutton motor controls with a selector switch located in the
intermediate building were originally provided for each of the service water (SW) pump
motors. In 1997, these controls were removed after an evaluation (Reference 6) yielded that
a high energy line break (HELB) in the intermediate building could fail all dc control power
to the service water (SW) pumps due to the existence of these controls and the associated
wiring. Since local control for the service water (SW) pump motors was available at the 480
volt buses 17 and 18 located in the screen house, it was determined that the control devices
in the intermediate building were not necessary.
7.4.3.7.3

Valve Control

A. Main feed regulators.
B. Auxiliary feed control valves. (These valves are operated locally at the preferred auxiliary
feedwater pumps.)
C. Atmospheric dump. (Automatic control normally at MODE 3 (Hot Shutdown).)
D. All other valves requiring operation during MODE 3 (Hot Shutdown) can be locally
operated at the valve.
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E. Letdown orifices isolation valves operated locally to the charging pumps. Local stop and
start buttons with selector switch and position lamp.
7.4.3.7.4

Pressurizer Heater Control

Stop and start buttons with selector switch and position lamp are located near the motor
driven auxiliary feedwater pumps (MDAFW) for the backup heater group.
7.4.3.7.5

Lighting

Emergency lighting is provided in all operating areas. Additional lighting has been installed
as part of the RG&E alternative shutdown effort (see Section 7.4.4) and portable selfcontained electric lights are available to the operators to ensure access to and egress from
required locations.
7.4.3.7.6

Communications

The communication system provides for communication between local operating stations
without the use of the control room. Also, hand-held radios are available for operating
personnel communications.
7.4.3.7.7

Electrical Systems

In the event of a main control room evacuation, combined with a loss of offsite power, one
diesel generator must be operable. The 1A diesel generator is provided with an emergency
local control panel that permits local control of the diesel generator following evacuation of
the control complex. The emergency local control panel is equipped with isolation switches,
start and stop controls, voltmeter, ammeter, speed indicator, and additional alternative
controls. The use of this local control panel is covered by Ginna Station procedures. In
addition to this provision, a new breaker has been installed between the 1B diesel generator
and 480-V safeguards bus 17 for protection against both diesel generators failing because of a
fire-induced circuit failure at buses 17 and 18 in the screen house.
7.4.4
7.4.4.1

ALTERNATIVE SHUTDOWN SYSTEM
System Description

An alternative shutdown system concept has been developed in response to the requirements
for fire protection as defined by 10 CFR 50.48 and 10 CFR 50, Appendix R. The objective of
these requirements is to limit damage to safe shutdown systems resulting from an unmitigated
fire to the extent that the ability to achieve safe shutdown is ensured. The description of the
fire protection features to ensure safe-shutdown capability at Ginna Station and the
relationship of these features to the above requirements are fully described in Reference 3.
Approval of Ginna Station Appendix R compliance was given in References 4 and 5. See
also Section 9.5.1.3.
Alternative shutdown capability is a means to safe shutdown provided by rerouting,
relocating, or modifying existing safe shutdown systems to ensure the ability to achieve and
maintain safe-shutdown conditions independent of the equipment associated with certain fire
areas.
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Safe shutdown is normally accomplished from the control room by utilizing the safe-shutdown equipment along with the other available equipment. Limited operator actions may be
taken outside the control room for fires in specific fire areas. This is the preferred shutdown
method and is defined as "normal safe shutdown."
If there is a fire in any fire area that has the potential to interfere with safe shutdown from the
control room, the operators will proceed to the alternative shutdown stations if necessary.
Reactor trip can be initiated and verified prior to evacuation, should it be necessary.
The following fire areas described as fire areas of concern contain control circuits for
redundant sets of safe-shutdown equipment that do not meet Appendix R, Section III.G.2,
requirements: the control complex, battery rooms 1A and 1B, cable tunnel, and auxiliary
building basement/mezzanine (see Reference 3 for area descriptions). The cable tunnel
contains control circuits for most redundant safe-shutdown equipment. The auxiliary
building basement/ mezzanine level contains control circuits for all redundant components
powered from either bus 14 or bus 16.
The alternative shutdown system provides alternative control stations for these areas.
Alternative shutdown, controlled from the independent control stations, will ensure the
achievement of all prescribed safe-shutdown functions given an unmitigated fire in any of the
fire areas of concern. Remote plant locations have been designated as primary shutdown and
support stations. These locations contain the necessary control and instrumentation to
achieve and maintain the required safe-shutdown functions. A fire at these locations does
not impair the achievement and maintenance of safe shutdown from the control room.
7.4.4.2

Alternative Shutdown Stations

The alternative shutdown stations at Ginna Station will provide the following capabilities.
7.4.4.2.1

Charging Pump Room (Primary Station) (see Section 7.4.3.7.1 F)

A. Transfer switch to isolate control circuits of charging pump 1A bus 14 power breakers from
fire areas of concern.
B. Independent primary system pressure and pressurizer level indication to local indicator
panel.
C. Independent Appendix R dc power source for the local indicator panel.
D. Local trip/close pushbutton breaker control is provided for the 1A charging pump. Local
motor control is established at the 1A charging pump variable frequency drive (VFD).
E. Transfer switch to isolate the control power to bus 14 and supply charging pump 1A control
circuit with alternative dc power.
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7.4.4.2.2

Intermediate Building North (Primary Station) (see Section 7.4.3.7.1 E)

A. Independent reactor coolant system loop temperature (A loop), steam generator level
(Steam Generators A and B), steam generator pressure (Steam Generator A only), and
turbine-driven auxiliary feedwater flow indication to local indicator panel.
B. Independent Appendix R dc power source for the local indicator panel.
C. Local operation of turbine-driven auxiliary feedwater pump turbine dc-lube-oil pump.
D. Local source range monitor hookup.
E. Local operation of turbine-driven auxiliary feedwater pump discharge valve.
7.4.4.2.3

Emergency Diesel Generator Area (Support Station) (see Section 7.4.3.7.7)

A. Transfer switches to isolate required control room control circuits (for emergency diesel
generator 1A).
B. Alternative local diesel generator 1A start/stop speed and voltage control.
C. Alternative diesel generator 1A diagnostic instrumentation.
7.4.4.2.4

480-Volt Alternating Current Bus 14 (Support Station)

A. Local operation of emergency diesel generator 1A feeder breaker (52/EG 1A1) and
isolation of dc control power to the control circuit.
B. Local operation of bus 12 feeder breaker (bus 14 480-V feed from 4160-V distribution).
C. Manual stripping of all non-safe-shutdown loads.
7.4.4.2.5

Battery Rooms 1A and 1B (Support Station)

Operation of breakers at main fuse cabinets 1A and 1B and main dc distribution panels 1A
and 1B to
A. Verify required power supply to turbine building dc distribution panel.
B. Verify required power supply to auxiliary building distribution panels 1A and 1B.
C. Verify required power supply to emergency diesel generator 1A and 1B dc distribution
panels.
D. Align technical support center battery to main fuse cabinets 1A and 1B for long-term dc
supply, if necessary. This should only be used if both the A and B dc power train battery
chargers are not operable and both A and B trains are used for process instrumentation for
long term cooldown.
E. Isolate dc control power to potential spurious operation components.
7.4.4.2.6

Motor Control Centers 1C and 1D (Support Station)

Isolation of motive power to potential spurious operation components.
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7.4.4.2.7

480-Volt Alternating Current Bus 18 (Support Station)

A. Local operation of emergency diesel generator 1A feeder breaker (52/EG 1A2) and
isolation of dc control power to the control circuit.
B. Local operation of feeder breaker (bus 18 480-V feed from 4160-V distribution) and
isolation of dc control power to the control circuit.
C. Local operation of the feeder breaker for service water (SW) pump 1A and isolation of dc
control power to the control circuits.
7.4.4.2.8

Selected Safe Shutdown Systems

Table 7.4-4 lists the safe shutdown systems selected for alternative shutdown, the applicable
alternative shutdown control stations and their locations, and the alternative shutdown
functions served by each system.
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Table 7.4-1
FUNCTIONS FOR SHUTDOWN AND COOLDOWN
Function

Method

Control of reactor power

Boration
Chemical and volume control system
High-pressure safety injection
Control rods
Controlled rod insertion
Reactor trip

Core heat removal

Forced circulation (reactor coolant pumps)
Natural circulation (using steam generators)
Residual heat removal
Chemical and volume control system letdown heat exchangers
Pressurizer safety valves and safety injection

Steam generator heat removal Main condenser (circulating water system)
Atmospheric dumps (manual actuation)
Safety valves
Auxiliary feed system turbine
Steam-generator blowdown
Water-solid steam generator
Feedwater

Main feedwater pumps
Steam-and motor-driven auxiliary feedwater pumps (TDAFW/
MDAFW)
Standby auxiliary feedwater (SAFW) pumps

Primary system control

Chemical and volume control system
Pressurizer safety valves
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Table 7.4-2
SAFE SHUTDOWN INSTRUMENTS
Component/System

Instrument

Instrument Location

Main steam

Steam generator level

LT inside containment

LT & LI 460, 461, 470, and 471

Reactor coolant

Pressurizer level

LT inside containment

LT & LI 426, 427, 428
LT 433; LI 433A

LI control rooma

Pressurizer pressure

PT inside containment

PT & PI 449, 429, 430, 431

PI control rooma

Reactor coolant system temperature
TE 409A-1; TI 409A-1
TE 409B-1; TI 409B-1
TE 410A-1; TI 410A-1
TE 410B-1; TI 410B-1

Auxiliary feed

LI control rooma

TE inside containment
TI control room

Preferred auxiliary feedwater system (AFW) flow
FT 2001, 2002, 2006, 2007
FI 2021A, 2022A, 2023A, 2024A

Standby auxiliary feedwater system (SAFW) flow
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Component/System

Instrument

Instrument Location

FT 4084 & 4085
FI 4084B & 4085B

Service water

FI control rooma

Pump discharge pressure

PT screen house

PT 2027 & 2028
PI 2160 & 2161
Chemical and volume control

PI control room

Charging flow

FIT auxiliary building

FIT 128, FI 128, FI 128B

FI control room
FIT and FT auxiliary building

Seal injection flowb
FIT 115, 116
FT 115A, 116A
FI 115A, 116A

FI control room

Refueling water storage tank (RWST) level

LT auxiliary building with indications in the control room

LT 920, LT 921
Component cooling water (CCW)

System flow

FIT auxiliary building

FIT 619

Low flow alarm in control room

Surge tank level

LIT auxiliary building with alarms in control room

LIT 618, LAH 618A, LAL 618B
Residual heat removal

System flow

FT auxiliary building

FT 626, FI 626
FT 689, FI 689

FI control room
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Component/System

Instrument

Instrument Location

Diesel generator

Generator output voltage and current

Control room

Emergency ac power

480-V buses 14, 16, 17, 18, voltage indication

Control room

Emergency dc power

125-V dc buses 1 and 2 voltage indication

Control room

a.

Some indicators are also available at local shutdown panels.

b.

Seal injection flow indication is not required for safe shutdown. The RCP seal injection flow instrumentation is nonseismic except for the pressure boundary portion, which is Seismic Category I.
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Table 7.4-3
SAFE SHUTDOWN SYSTEMS POWER SOURCE AND LOCATION
System

Power Source

Location Building (Elevation)

Breakers

dc power

Control room (289 ft)

Bistables

Instrument buses

Reactor protection

Main steam
Safety valves

---

Intermediate building (278 ft)

Isolation valves

Air (fail closed)

Intermediate building (278 ft)

Atmospheric dump valves

Air, nitrogen bottles, or manual

Intermediate building (278 ft)

Motor-driven pumps A, B

A bus 14; B bus 16

Intermediate building (253 ft)

Turbine-driven pump

Not applicable

Intermediate building (253 ft)

Standby pumps C, D

C bus 14; D bus 16

Auxiliary building addition (270 ft)

Service water pumps A, B, C, D

A, C bus 18; B, D bus 17

Screen house (253 ft)

Chemical and volume control (charging) pumps A, B,
C

A bus 14 B; C bus 16

Auxiliary building (235 ft) east

Refueling water storage tank (RWST)

---

Auxiliary building

Auxiliary feed

Component cooling water
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System

Power Source

Location Building (Elevation)

Pumps A, B

A bus 14; B bus 16

Auxiliary building (271 ft)

---

Auxiliary building (271 ft)

Pumps A, B

A bus 14; B bus 16

Auxiliary building (219 ft) residual heat removal pit

Heat exchangers

---

Auxiliary building (235 ft)

Diesel generators 1A, 1B

125-V dc control power

Diesel room north side of turbine building (253 ft)

480 V, bus 14

Diesel 1A or offsite power

Auxiliary building (271 ft)

480 V, bus 16

Diesel 1B or offsite power

Auxiliary building (263 ft)

480 V, bus 17

Diesel 1B or offsite power

Screen house (253 ft)

480 V, bus 18

Diesel 1A or offsite power

Screen house (253 ft)

Instrument buses 1A, 1B, 1C, 1D

1A-inverter 1 and 1B-480-V
motor control center
1C-inverter 2 and 1D-480-V
motor control center

Control room (289 ft)

Battery and inverter 1A

---

Battery room 1A (253 ft)

Battery and inverter 1B

---

Battery room 1B (253 ft)

Heat exchangers
Residual heat removal
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Table 7.4-4
APPENDIX R ALTERNATIVE SHUTDOWN METHODS AND CONTROL LOCATIONS
Safety
Functions

Reactivity
control/scram

System

Control
Location

Comments

Control room

Scram initiated prior to control room
evacuation.

Charging pump
room (elevation
235 ft)

Local control of charging pump 1A to
provide makeup.

Local valves

Manual closure of pressure boundary
and reactor coolant system inventory
valves.

Charging pump
room (elevation
235 ft)

Local control of charging pump 1A to
provide increase in reactor coolant
system pressure.

Reactor coolant

NA

Automatic operation of primary code
safety valves.

Turbine driven
auxiliary
feedwater
(TDAFW)

Intermediate
building
(elevation 253
ft 6 in.)

Local control of lube-oil pump,
discharge valve, and turbine.

Standby
auxiliary
feedwater
(SAFW)

Control room
(elevation 289 ft
6 in.)

Standby auxiliary feedwater system
(SAFW) used with underground yard
fire water supply in case of service
water loss to turbine driven auxiliary
feedwater (TDAFW) system.

Process
monitoring

Charging pump
room (elevation
235 ft)

Monitor primary pressure and
pressurizer level indication at local
panel.
Power supplied from new inverter
powered from auxiliary building
distribution panel.

Reactor
pressure manual or auto

Primary makeup Chemical and
capability
volume control

Primary pressure Chemical and
control
volume control

Decay heat
removal

Process
monitoring

Page 71 of 142

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 7 INSTRUMENTATION AND CONTROLS

Safety
Functions

System

Support services Emergency
power system

Control
Location

Comments

Intermediate
building
(elevation 253
ft 6 in.)

Monitor primary temperature, steamgenerator pressure and level, and
turbine driven auxiliary feedwater
pump (TDAFW) flow at local panel.
Power supplied from new inverter
powered from new dc feed from
turbine building dc-distribution panel.
Spare neutron monitor panel installed
at penetration before MODE 5 (Cold
Shutdown).

Emergency
diesel generator
areas (elevation
253 ft 6 in.)

Transfer of EDG 1A control and
necessary diagnostic instrumentation
locally.

Auxiliary
building
operating level
(elevation 271
ft)

Local control of bus 14 feeder breaker
(from EDG 1A) at bus 14.

Technical
support center
(elevation 271
ft of fire area
AVT)

Local control of technical support
center diesel generator to supply longterm dc power.

Turbine
building
(elevation 253
ft 6 in.)

Local operation of technical support
center vital battery manual throwover
switch to provide main fuse cabinet 1A
or 1B with dc power from technical
support center battery charger.

Battery room 1A Local operation of technical support
or 1B (elevation center vital battery fused disconnect
253 ft 6 in.)
switch to provide main fuse cabinet 1A
and/or 1B with dc power from technical
support center battery charger.
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Safety
Functions

System

Control
Location

Comments

Plant yard
(elevation 271
ft)

Local connection between underground
yard fire water hydrant and emergency
diesel generator using fire hose to
provide alternative emergency diesel
generator cooling.
Local connection between standby
auxiliary feedwater system (SAFW)
and underground yard fire water
hydrant using fire hose to provide
alternative auxiliary feedwater in the
event of service water loss.
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7.5

SAFETY-RELATED DISPLAY INSTRUMENTATION

Process variables required on a continuous basis for the startup, operation, and shutdown of
the unit are indicated, recorded, and controlled from the control room. The quantity and types
of process instrumentation provided ensure safe and orderly operation of all systems and
processes over the full operating range of the plant.
Certain controls that require a minimum of operator attention, or are only in use
intermittently, are located on local control panels near the equipment to be controlled.
Monitoring of the alarms of such control systems is provided in the main control room.
7.5.1
7.5.1.1
7.5.1.1.1

CONTROL ROOM
Description
General

Alarms and annunciators in the control room provide the operators with a warning of
abnormal plant conditions that might lead to damage of components, fuel, or other unsafe
conditions. Other displays and recorders are provided for indication of routine plant
operating conditions and for the maintenance of records.
7.5.1.1.2

Main Control Board

Consideration is given to the fact that certain systems normally require more attention from
the operator.
The control board is divided into
relative areas to show the location of control components and information display pertaining
to various subsystems.
On the center section of the control board is the cathode ray tube (CRT) display for the
microprocessor rod position indication system. The microprocessor rod position indication
system monitors the position of all rods and causes a rod deviation alarm to be generated by
the plant process computer system (PPCS) to alert the operator should an abnormal condition
exist for any individual control rod. Displayed in this same area is nuclear instrumentation
information required to start up and operate the reactor. Control rods are manipulated from
the left section.
Variables associated with operation of the secondary side of Ginna Station are displayed and
controlled from the center section of the control board. These variables include steam
pressure, feedwater flow, main feedwater and feedwater bypass valve position, steam
generator wide and narrow range level, steam flow, motor-and-turbine-driven auxiliary
feedwater pump flow, and other signals involved in the plant control system. The center
section of the control board also contains provisions for indication and control of the reactor
coolant system.
Redundant indication is incorporated in the system design since pressure and temperature
variables of the reactor coolant system are used to initiate safety features. Control and display
equipment for station auxiliary systems is also located here.
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The engineered safety features systems are controlled and monitored from the left section of
the control board. Valve-position indicating lights are provided as a means of verifying the
proper operation of the control and isolation valves following initiation of the engineered
safety features. Control switches located on this panel allow manual operation or test of
individual units. Also located on this section are the control switches, indicating lights, and
meters for fans and pumps required for emergency conditions.
Controls and indications for all ventilation systems and containment isolation are located on
the left section of the control board. A containment isolation and containment ventilation
isolation reset panel has been installed near the radiation monitoring rack.
In addition, mounted on the right-hand section of the control board are the auxiliary electrical
system controls required for manual switching between the various power sources described
in Section 8.2.2.
Postaccident monitoring by use of the existing instrumentation is described in the Plant
Procedures. All safety-related valves have position indication on the control board termed
"status lights" and, in most cases, the valve position is also indicated by red and green lights
over the valve control switch. The status lights are white. Valves that are in the safeguards
position cause the corresponding status lights to be bright. Valves in the non-safeguards
position cause the corresponding status lights to be dim. The status lights are controlled by
the valve control switches.
See Table 6.3-7 for a listing of instrumentation readouts available to the operator in the
control room during the recirculation phase of safety injection.
7.5.1.1.3

Other Control Room Displays

To maintain the desired accessibility for control of the station, miscellaneous recorders not
required for station control are located on the vertical recorder board where they are visible to
the operator. Radiation monitoring information also is indicated there.
Computer readout and input handling facilities are located in the control room, facing the
main control board. The operator will have close access to these facilities, which will aid in
the safe and reliable operation of the plant. The computer is isolated from control circuits,
and therefore any computer troubles will not affect control. The computer is only an aid to
the operator and is not required for operation of the plant.
Audible alarms will be sounded in appropriate areas throughout the station if high radiation
conditions are present at the continuous air monitor.
The auxiliary bench board includes the fire panel section and the control room habitability
section. The fire panel section includes controls and indicators for certain components of the
fire protection system. The control room habitability section includes certain controls and
indicators for the control room HVAC system.

Page 75 of 142

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 7 INSTRUMENTATION AND CONTROLS

7.5.1.2

Design Review

Rochester Gas and Electric Corporation has conducted a control room design review program
in response to NUREG 0737, Supplement 1, which required a detailed control room design
review to identify and correct design deficiencies, and NUREG 0700, which provided human
engineering guidelines. The program emphasized determination of the adequacy of
information available to the operator to effectively mitigate emergency conditions and was
also designed to improve controls and displays that were determined not to conform with
good human factors practices. The review scope encompassed known future control room
design changes (e.g., new plant process computer and safety parameter display systems) as
well as the existing design. The NRC evaluated the detailed control room design review
(DCRDR) program for Ginna and concluded in the Staff Safety Evaluation Report (Reference
1) that the program satisfied all DCRDR requirements of Supplement 1 to NUREG 0737.
7.5.2

SAFETY PARAMETER DISPLAY

The requirements for safety parameter display are contained in Regulatory Guide 1.97,
Revision 3, as well as in NUREG 0737, Supplement 1.
Regulatory Guide 1.97, Revision 3, lists the minimum variables that should be available to
control room personnel during and following an accident. NUREG 0737 requires that
sufficient information be presented in order that emergency operating procedures may be
carried out.
The NRC evaluated Rochester Gas and Electric’s position relative to the guidance provided
in Regulatory Guide 1.97, Revision 3, and concluded in the staff safety evaluation report
(Reference 2) that Rochester Gas and Electric either conforms to or has provided acceptable
justification for deviation from the guidance of Regulatory Guide 1.97. Instrumentation
associated with postaccident neutron flux monitoring received separate NRC approval by
Reference 5. Table 7.5-1 provides a comparison of Ginna Station postaccident
instrumentation to Regulatory Guide 1.97, Revision 3, criteria, with the exception of those
items removed by subsequent licensing basis changes (References 6 and 7).
The selection of NUREG 0737, Supplement 1, Post Accident Monitoring (PAM)
Instrumentation parameters, is discussed in a detailed safety analysis and implementation plan
submitted to the NRC on November 30, 1984 (Reference 3).
See Section 7.7.6 for a discussion of the plant process computer system (PPCS) and safety
parameter display system (SPDS). The safety parameter display system (SPDS) meets the
requirements of NUREG 0737, Supplement 1, for a Post Accident Monitoring (PAM)
Instrumentation (Reference 4). The SPDS is integrated in the plant process computer system
(PPCS).
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Table 7.5-1
COMPARISON OF GINNA STATION POSTACCIDENT INSTRUMENTATION TO REGULATORY GUIDE 1.97, REVISION 3, CRITERIA
Table 7.5-1 consists of 13 entries for each variable: a sequential number (#), the variable type (TYPE), the variable description (VARIABLE), category (CAT), range (RANGE), the equipment environmental qualification status
(EEQ), seismic qualification status (SEISMIC), the quality assurance program classification of the equipment (QA), the power source for the channel (P.S.), whether or not there is control room indication of the variable (CR IND),
whether or not recording is provided via discrete recorders (CHART), or the plant process computer (COMP), and any comments on the variable (COMMENTS). Entries in bold are from Regulatory Guide 1.97, Revision 3. Entries
below each bold entry depict Ginna Station configurations. Any entries in parentheses represent proposed configurations not currently installed. Details relating to each superscript are listed at the end of this table.
RECORDERa
#

TYPEb

VARIABLE

CAT.c

RANGE

EEQd

SEISMICd

QAe

P.S.f

C.R. IND.g

1

n.a.

Auxiliary Feedwater Flow

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

FT-2001 (MDAFW/SGA)
FT-2013 (MDAFW/SGA)
FT-2002 (MDAFW/SGB)
FT-2014 (MDAFW/SGB)
FT-2006 (TDAFW/SGA)
FT-2007 (TDAFW/SGB)

1
1
1
1
1
1

0-275 gpm (0-138%)
0-275 gpm (0-138%)
0-275 gpm (0-138%)
0-275 gpm (0-138%)
0-500 gpm (0-125%)
0-500 gpm (0-125%)

Mild
Mild
Mild
Mild
Mild
Mild

Yes
Yes
Yes
Yes
Yes
Yes

SR
SR
SR
SR
SR
SR

1A
1C
1C
1A
1C
1A

FI-2021A
FI-2029
FI-2022A
FI-2030
FI-2023A
FI-2024A

2
3

COMP

COMMENTS

Plant Specific
No
No
No
No
No
No

F2021
F2029
F2022
F2030
F2023
F2024

Two per redundant function
provided
provided.
Also satisfies item #69

Deleted
n.a.

Core Exit Thermocouples

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

T1-T39

1

0-2300F

Yes

Yes

SR

1A
1C

CETA
CETB

4

Deleted

5

Deleted

6

CHART

n.a.

Containment Pressure

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

PT-945
PT-946
PT-947
PT-948
PT-949
PT-950

1
1
1
1
1
1

0-60 psig
10-200 psia
0-60 psig
10-200 psia
0-60 psig
10-200 psia

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

SR
SR
SR
SR
SR
SR

1A
1B
1C
1C
1B
MQ-483

PI-945
PI-946
PI-947
PI-948
PI-949
PI-950
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Plant Specific
No

Yes

39 CETs are provided.
Technical Specifications require
a minimum of four operable per
quadrant. 19 CETs are
associated with the A train and
20 with the B train.
Also satisfies items #30, 37

Plant Specific
No
No
No
No
No
No

P0945
P0946
P0947
P0948
P0949
No

Also satisfies items #35, 41
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7

8

9

n.a.

Condensate Storage Tank (CST)
Level

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

LT-2022A (tank A)
LT-2022B (tank B)

1
1

0-24 ft
0-24 ft

Mild
Mild

Yes
Yes

SR
SR

1A
1C

LI-2022A
LI-2022B

n.a.

Pressurizer Pressure

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

PT-429
PT-430
PT-431
PT-449

1
1
1
1

1700-2500 psig
1700-2500 psig
1700-2500 psig
1700-2500 psig

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

SR
SR
SR
SR

1A
1B
1C
1D

PI-429
PI-430
PI-431
PI-449

n.a.

Pressurizer Level

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

LT-426
LT-427
LT-428

1
1
1

0-100%
0-100%
0-100%

Yes
Yes
Yes

Yes
Yes
Yes

SR
SR
SR

1A
1B
1C

LI-426
LI-427
LI-428

10
11

14

No
No

L2022A
L2022B

The transmitters are not located
in a Seismic Category I
building. The tanks are
connected by a locked open 10in. line.

Plant Specific
RK-8
RK-8
RK-8
RK-8

P0429
P0430
P0431
P0449

Although channel PT-449 is not
powered from a safety-related
supply, it is maintained as a
Category 1 variable in all other
aspects. Its protection signals
are failsafe.

Plant Specific
RK-9
RK-9
RK-9

L0426
L0427
L0428

Level instrumentation does not
cover the hemispherical top and
bottom of the pressurizer.
Also satisfies item #60

Deleted
n.a.

RCS Cold Leg Temperature

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

TE-409B-1 (Loop A)
TE-410B-1 (Loop B)

1
1

0-700F
0-700F

Yes
Yes

Yes
Yes

SR
SR

1A
1C

TI-409B-1
TI-410B-1

12
13

Plant Specific

Plant Specific
RK-3
RK-3

T0409B
T0410B

Also satisfies item #28

Deleted
n.a.

RCS Pressure

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

PT-420
PT-420A

1
1

0-3000 psig
0-3000 psig

Yes
Yes

Yes
Yes

SR
SR

1A
1C

PI-420
PI-420A

RHR Flow (Low Pressure
Injection)

1

Plant Specific

Yes

Yes

Full

1E

Yes

FT-626
FT-689
FT-931A (Loop A)*
FT-931B (Loop B)*

1
1
1
1

0-4000 gpm
0-4000 gpm
0-2200 gpm
0-2200 gpm

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

SR
SR
SR
SR

1C
1A
1B
1C

FI-626
FI-689
FI-931A
FI-931B

n.a.
A
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Plant Specific
No
RK-8

P0420
P0420A

Also satisfies items #29,40

Plant Specific
No
No
No
No

F0626
F0689
No
No

*FT-931A and FT-931B monitor
RHR flow to containment spray
and SI pumps suction.
Also satisfies items #49, 56
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15

16

n.a.

Reactor Vessel Level Indication
System

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

LT-490A
LT-490B

1
1

0-100%
0-100%

Yes
Yes

Yes
Yes

SR
SR

1A
1C

LI-490A
LI-490B

n.a.

Refueling water storage tank
(RWST) Level

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

LT-920
LT-921

1
1

0-100%
0-100%

Mild
Mild

Yes
Yes

SR
SR

1C*
1A

LI-920
LI-921

17
18

19

20

21

Plant Specific
No
No

L0496A
L0496B

RVLIS receives ‘correction’
inputs from sensor line
temperature, RCP status, RHR
flow, SI flow, CETs, RCS
pressure, and Tcold. Where both
channels have common inputs
the input signals to each channel
are isolated.
Also satisfies item #31

Plant Specific
No
No

L0920
L0921

*Computer indication of this
channel also requires power
from 1A.
Also satisfies item #57

Deleted
n.a.

Steam Generator Wide Range
Level

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

LT-504 (SG A)
LT-505 (SG A)
LT-506 (SG B)
LT-507 (SG B)

1
1
1
1

0-100%
0-100%
0-100%
0-100%

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

SR
SR
SR
SR

1A
1C
1A
1C

LI-504
LI-505
LI-506
LI-507

n.a.

Steam Generator Narrow Range
Level

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

LT-461 (SG A)
LT-462 (SG A)
LT-463 (SG A)
LT-471 (SG B)
LT-472 (SG B)
LT-473 (SG B)

1
1
1
1
1
1

0-100%
0-100%
0-100%
0-100%
0-100%
0-100%

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

SR
SR
SR
SR
SR
SR

1A
1C
1D
1D
1A
1B

LI-461
LI-462
LI-463
LI-471
LI-472
LI-473

n.a.

Steam Generator Pressure

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

PT-468 (SG A)
PT-469 (SG A)
PT-478 (SG B)
PT-479 (SG B)
PT-482 (SG A)
PT-483 (SG B)

1
1
1
1
1
1

0-1400 psig
0-1400 psig
0-1400 psig
0-1400 psig
0-1400 psig
0-1400 psig

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

SR
SR
SR
SR
SR
SR

1A
1B
1C
MQ-483
1C
1B

PI-468
PI-469
PI-478
PI-479
PI-482A
PI-483A

Plant Specific
RK-12A
RK-12C
RK-12A
RK-12C

L0504
L0505
L0506
L0507

Two Per Steam Generator
Required for Two Loop Plants
Two per steam generator
provided.
Also satisfies item #65

Plant Specific
Yes*
Yes*
Yes*
Yes*
Yes*
Yes*

L0461
L0462
L0463
L0471
L0472
L0473

*Median of three channels per
generator is recorded on RK12B. Although channels LT-463
and LT-471 are not powered
from a safety-related supply,
they are maintained as Category
1 variables in all other aspects.
Also satisfies item #65

Plant Specific
No
No
No
No
No
No

P0468
P0469
P0478
P0479
P0482
P0483

Also satisfies item #66

Deleted
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22

23

24

25

n.a.

RCS Subcooling Monitor

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

TE-409A-1, PT-420
TE-410A-1, PT-420A

1
1

0-100F subcooled
0-100F subcooled

Yes
Yes

Yes
Yes

SR
SR

1A
1C

TI-409A
TI-410A

n.a.

Containment Sump Wide Range
Level

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

LC-942 (A-E)
LC-943 (A-E)

1
1

8, 78, 113, 180, 214 in.
8, 78, 113, 180, 214 in.

Yes
Yes

Yes
Yes

SR
SR

1A
1C

Yes
Yes

B

Neutron Flux

1

1E-6-100% Power

Yes

Yes

Full

1E

Yes

B

N-31, N-32 (SR)
N-35, N-36 (IR)
N-41A, B; N-42A, B;
N-43A, B; N-44A, B (PR)

3
3
3
3

1E-1 to 1E6 cps (SR)
1E-11 to 1E-3 amps (IR)
0 to 100% power (PR)

No
No
No
No

Yes
Yes
Yes
Yes

SR**
SR**
SR**
SR**

1A/1C
1A/1B
1A/1B
1C/1D

NI-31, 32
NI-35, 36
NI-41, 42
NI-43, 44
(B suffix
for MCB
ind.)

B

Control Rod Position

3

Full In or Not Full In

No

No

Comm.

n.p.

No

3

Rod position indicated in 12
step increments, as well as
indication of rods full in or not
full in

No

No

SS

*

Yes

B

26

27

Microprocessor rod position
indication system (MRPI)

B

RCS Boron Concentration

3

0-6000 ppm

No

No

Comm.

n.p.

No

B

AI-6053 [postaccident sampling
system (PASS) boron analyzer]

3

50 50 - 6000 300 ppm

No

No

SS

*

No

B

RCS Hot Leg Water Temperature

1

50-700F

Yes

Yes

Full

1E

Yes

B

TE-409A-1 (Loop A)
TE-410A-1 (Loop B)

1
1

0-700F
0-700F

Yes
Yes

Yes
Yes

SR
SR

1A
1C

TI-409A-1
TI-410A-1
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Plant Specific
*TSUBA
*TSUBB

No
No

*Ginna EOPs provide the means
for determining subcooling
based on CETs and RCS
pressure. The SPDS/PPCS also
calculates subcooling using
these variables. Both
capabilities exceed the range
recommended in RG 1.97, Rev.
3. Also satisfies item #32.

Plant Specific
No
No

Yes
Yes

Five discrete level switches per
channel, 214-in. indication
corresponds to approximately
500,000 gal.
Also satisfies items #34, 43

Plant Specific
RK-45
RK-45
RK-45
RK-45

Yes
Yes
Yes
Yes

Neutron flux indication is
considered a backup type B
indication at Ginna and is
therefore considered Category
3.
**Protection portions of
channels only.

Yes

*The MRPI system is powered
from a dedicated transformer
from safety-related 480-V
MCCK/01MM.

No

*The PASS instrument panel is
powered from 480-V bus 13
(non SR) via panel SB14. NRC
SER dated 4/14/86, deferred the
range and accuracy capabilities
of postaccident sampling
systems to NUREG-0737, item
II.B.3. The Ginna PASS meets
these criteria.

No
No

No
No

Plant Specific
No
No

T0409A
T0410A
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28

29

30

31

32

33

34

35

B

RCS Cold Leg Water Temperature

1

50-700F

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

B

RCS Pressure

1

0-3000 psig

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

B

Core Exit Temperature

3

200-2300F

No

No

Comm.

n.p.

No

A

*

*

*

*

*

*

*

*

B

Coolant Inventory

1

Hot Leg Bot.-Flange

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

B

RCS Degrees of Subcooling

2

200Fsub -35Fsuper

Yes

No

Partial

Rel.

No

A

*

*

*

*

*

*

*

*

B

Containment Sump Level Narrow
Range

2

Plant Specific

Yes

No

Partial

Rel.

No

C

LT-2039 (Sump A)
LT-2044 (Sump A)

3
3

0-30 ft
0-30 ft

No
No

No
No

SS
SS

1A
1A

LI-2039
LI-2044

B

Containment Sump Level Wide
Range

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

B

Containment Pressure

1

-5 psig to Design

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*
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Plant Specific
*

*

*See item #11, RG&E type A
variable

Plant Specific
*

*

*See item #13, RG&E type A
variable.

*

*See item #3, RG&E type A
variable.

No
*

Plant Specific
*

*

*See item #15, RG&E type A
variable.

*

*See item #22, RG&E type A
variable.

No
*
No
No
No

L2039
L2044

NRC SER dated 12/4/90, found
the instrumentation provided to
be acceptable.
Also satisfies item #42

Plant Specific
*

*

*See item #23, RG&E type A
variable.

Plant Specific
*

*

*See item #6, RG&E type A
variable. Note: The Ginna
containment pressure indication
covers a range of 10 psia to
300% design pressure.
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36

37

38

39

40

41

42

B

Containment Isolation Valve
Position

1

Closed/Not Closed

Yes

Yes

Full

1E

Yes

B

See UFSAR Table 6.2-15 for list of
containment isolation valves.

3

Open/closed

No

Yes

SS

ADC,
BDC

Yes

C

Core Exit Temperature

1

200-2300F

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

C

RCS Radiation Level

1

0.5 - 100X Tech Spec

Yes

Yes

Full

1E

Yes

n.a.

Postaccident sampling system
(PASS), manual radiation isotopic
spectroscopy after sample taken

3

0.01 mR-1.0E04 R/hr

n.a.

n.a.

SS

n.a.

No

3

1.0E-5-10 Ci/ml

No

No

Comm.

N.P.

No

C

Gamma Analysis of Primary
Coolant

C

Postaccident sampling system
(PASS), manual radiation isotopic
spectroscopy after sample taken

3

1.0E-5-10 Ci/ml. Range can be
extended by dilution
techniques.

n.a.

n.a.

SS

n.a.

No

C

RCS Pressure

1

0-3000 psig

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

C

Containment Pressure

1

-5 psig to design

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

C

Containment Sump Level Narrow
Range

2

Top to Bottom

Yes

No

Partial

Rel.

No

C

*

*

*

*

*

*

*

*
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Plant Specific

No

Yes

Plant Specific
*

*

One per redundant function
reqd. Check valve position
ind. is not reqd.
Isolation valves outside
containment go closed prior to
being exposed to a harsh
environment and therefore
environmental qualification is
not required.
RG&E has taken exception to
the need to qualify indication for
valves inside containment. Ref.
letter RG&E-NRC 5/6/91.
*See item #3, RG&E type A
variable.

Plant Specific
No

No

NRC SER dated 4/14/86, found
the instrumentation provided to
be acceptable. See note at end
of table.

No

NRC SER dated 4/14/86, found
the instrumentation provided to
be acceptable.

No
No

Plant Specific
*

*

*See item #13, RG&E type A
variable.

Plant Specific
*

*

*See item #6, RG&E type A
variable. Note: The Ginna
containment pressure indication
covers a range of 10 psia to
300% design pressure.

*

*See item #33, RG&E type C
variable. NRC SER dated 12/4/
90, found the instrumentation
provided to be acceptable.

No
*
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43

44

45

C

Containment Sump Level Wide
Range

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

C

Containment Area Radiation

3

1 to 1.0E4 R/hr

No

No

Comm.

n.p.

No

E

R-2

3

0.01-1.0E5 R/hr

No

Yes

SS

1B

Yes

C

Condenser Air Exhaust Noble Gas
Radioactivity

2

1E-6 to 1E5 Ci/cm3

Yes

No

Part.

Rel.

No

E

R-15

2

1E-6 to 1E-3 Ci/cm3

Mild

No

SS

1D

Yes

RK-79

R15

C

R-47

3

3.5 E-7 to 5.3 E-2 Ci/cm3

Mild

No

SS

TSC

No

No

R47

E

R-48

2

1.3 E-2 to 1.0 E5Ci/cm3

Mild

No

SS

TSC

No

No

R48

46

47

48

49

Plant Specific
*

*

*See item #23, RG&E type A
variable.

No
RK-77

R02

NRC SER dated 4/14/86 found
the instrumentation provided to
be acceptable.

No

Deleted

C

Containment Effluent Noble Gas
at Release

2

1E-6 to 1E-2 Ci/cm3

Yes

No

Partial

Rel.

No

C

R-12 (cont. purge vent)
R-14 (plant exhaust vent)
R-31 (SG steam line A)
R-32 (SG steam line B)

2
2
2
2

1E-6 to 1E-2 Ci/cm3
1E-6 to 1E-1 Ci/cm3
1E-1 to 1E3 Ci/cm3
1E-1 to 1E3 Ci/cm3

Mild
Mild
Mild
Mild

No
No
No
No

SR
SS
SS
SS

1A
1A
*
*

Yes
Yes
Yes
Yes

C

Containment Effluent Noble Gas
at Pen. etc.

2

1E-6 to 1E-2 Ci/cm3

Yes

No

SS

Rel.

No

C

*

*

*

*

*

*

*

*

D

RHR System Flow

2

0-110% Design

Yes

No

Partial

Ref.

No

A

*

*

*

*

*

*

*

*
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No
RK-78
RK-78
No
No

Yes
Yes
Yes
Yes

*SPING monitors are powered
via a dedicated transformer from
MCC D (safety related). SPING
monitors R-12A (cont. purge
vent) and R-14A (plant exhaust
vent) are also available to
monitor noble gas releases as
well as particulates and iodine.

*

*See item #47. These monitors
are considered to provide
adequate monitoring of all
credible releases.

*

*See item #14, RG&E type A
variable.

No
*

No
*
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50

51

52

53

54

55

56

57

D

RHR Heat Exchanger Outlet
Temperature

2

40-350F

Yes

No

Partial

Rel.

No

50-400F

No

No

SS

*

No

n.a.

TE-627

3

D

Accumulator Tank Level

2

10-90%

Yes

No

Partial

n.p.

No

No
No
No
No

No
No
No
No

SS
SS
SS
SS

1C
1B
1C
1B

LI-934
LI-935
LI-938
LI-939

n.a.

LT-934 (loop A)
LT-935 (loop A)
LT-938 (loop B)
LT-939 (loop B)

3
3
3
3

7 in. from nominal
7 in. from nominal
7 in. from nominal
7 in. from nominal

D

Accumulator Tank Pressure

2

0-750 psig

Yes

No

Partial

n.p

No

n.a.

PT-936 (loop A)
PT-937 (loop A)
PT-940 (loop B)
PT-941 (loop B)

3
3
3
3

0-800 psig
0-800 psig
0-800 psig
0-800 psig

No
No
No
No

No
No
No
No

SS
SS
SS
SS

1C
1B
1C
1B

PI-936
PI-937
PI-940
PI-941

2

Open/Closed

Yes

No

Partial

n.p.

No

D

Accumulator Isolation Valve
Position

No
No

NRC SER dated 12/4/90 found
the range provided acceptable.
*Power to temperature loop
from AC Dist. Panel CD03C/02

No
No
No
No

NRC SER dated 12/4/90 found
the instrumentation provided
acceptable. The Category 3
designation is consistent with
RG&E’s category determination
philosophy.

No
No
No
No

NRC SER dated 12/4/90
deferred resolution of these
deviations to generic staff
review of this issue. The
Category 3 designation is
consistent with RG&E’s
category determination
philosophy.

No
No

Valves are locked open and
deenergized. NRC SER dated
12/4/90 found the
instrumentation provided
acceptable.

F0128

NRC SER dated 4/14/86 found
the instrumentation provided
acceptable.

No
No
No
No
No
No
No
No
No
No

No

n.a.

MOV-841 (loop A)
MOV-865 (loop B)

3
3

Open/closed
Open/closed

No
No

Yes
Yes

SS
SS

ADC
BDC

Yes
Yes

D

Boric Acid Charging Flow

2

0-110% Design

Yes

No

Partial

Rel.

No

n.a.

FT-128

2

0-75 gpm

Mild

No

SS

1D

FI-128B

No

D

High Pressure Injection (SI) Flow

2

0-110% design

Yes

No

Partial

Rel.

No

No

D

FT-924 (SIP B)
FT-925 (SIP A)

2
2

0-600 gpm
0600 gpm

Yes
Yes

Yes
Yes

SR
SR

1A
1C

FI-924
FI-925

No
No

D

Low Pressure Injection (RHR)
Flow

2

0-110% Design

Yes

No

Partial

Rel.

No

A

*

*

*

*

*

*

*

*

D

RWST Level

2

Top to Bottom

Yes

No

Partial

Rel.

No

A

*

*

*

*

*

*

*

*

Page 85 of 142

T0627

No
No

No

F0924A
F0925A
No

*

*

*See item #14, RG&E type A
variable.

*

*See item #16, RG&E type A
variable.

No
*
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58

59

60

61

D

RCP Status

3

Motor Current

No

No

Comm.

n.p.

No

D

4.16-kV bus ammeters and RCP
breaker status lights

3

0-1200A

No

No

SS

n.a.

Yes

D

Pressurizer PORVs and Safeties
Position

2

Closed/Not Closed

Yes

No

Partial

Rel.

No

D

ZS-430 (PORV)
ZS-431C (PORV)
TE-438 (discharge temperature)
ZT-434 (safety valve)
ZT-435 (safety valve)
TE-436, TE-437 (dis temp)

2
2
3*
2
2
3*

Open/close
Open/close
0-300F
Open-close (in.)
Open-close (in.)
0-400F

Yes
Yes
No
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes

SR
SR
SS
SS
SS
SS

BDC
BDC
1A
1A
1A
1A

Yes
Yes
TI-438
Yes
Yes
Yes, Yes

D

Pressurizer Level

1

Top to Bottom

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

D

Pressurizer Heaters Status

2

Electric Current

Yes

No

Partial

Rel.

No

2
2
2

Closed/auto/on
Closed/auto/on
0-1500 kW

Mild
Mild
Mild

No
No
No

SS
SS
SS

ADC
BDC
n.a.

Yes
Yes
Yes

D

62

63

64

65

66

Control bank breaker status lights
Backup bank breaker status lights
480-V bus voltage and kW demand

D

Pressurizer Relief (Quench) Tank
Level

3

Top to Bottom

No

No

Comm.

n.p.

No

D

LT-442

3

0-100%

No

No

SS

1B

LI-442

D

Pressurizer Relief (Quench) Tank
Tamp.

3

50F-750F

No

No

Comm.

n.p.

No

D

TE-439

3

(50-400F)

No

No

SS

1A

TI-439

D

Pressurizer Relief (Quench) Tank
Pressure

3

0 psig to design

No

No

Comm.

n.p.

No

D

PT-440

3

0-150 psig

No

No

SS

1B

PI-440A
PI-440B

D

Steam Generator Wide Range
Level

1

Tubesheet - Separators

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

D

Steam Generator Pressure

2

Atm. - 20% > Safety

Yes

No

Partial

Rel.

No

A

*

*

*

*

*

*

*

*
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No
No

Yes
No

No
No
No
No
No
No

V0430
V0431
No
No
No
No

*The RTDs downstream of these
valves, TE-438 (PORVs) and
TE-436 and TE-437 (safeties),
are available in the control room
and are considered backup
indication of valve position.

Plant Specific
*

*

*See item #9, RG&E type A
variable. Note: level indication
does not cover the hemispherical
top and bottom portions of the
pressurizer.

No
No
Yes

NRC SER dated 12/4/90 found
the instrumentation provided
acceptable.

No
No
No
No
No
No

L0442
No

No

T0439

NRC SER dated 12/4/90 found
the instrument range acceptable.

P0440

Rupture disk setpoint is 100
psig.

No
No

Plant Specific

Two per generator required
for two loop plants

*

*

*See item #18, RG&E type A
variable.

*

*See item #20, RG&E type A
variable.

No
*
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67

68

69

70

71

D

Main Steam Flow (or SG Safety
Valve Pos.)

2

0-110% Design

Yes

No

Partial

Rel.

No

D

FT-464 (SG A)
FT-465 (SG A)
FT-474 (SG B)
FT-475 (SG B)
FT-498 (SG A)
FT-499 (SG B)

2
2
2
2
3
3

0-4.6E6 pph
0-4.6E6 pph
0-4.6E6 pph
0-4.6E6 pph
0-4.6E6 pph
0-4.6E6 pph

Yes
Yes
Yes
Yes
No
No

Yes
Yes
Yes
Yes
Yes
Yes

SR
SR
SR
SR
SS
SS

1A
1B
1C
1D
1C/TSC*
1C/TSC*

FI-464
FI-465
FI-474
FI-475
FI-498
FI-499

D

Main Feedwater Flow

3

0-110% Design

No

No

Comm.

N.P.

No

D

FT-466 (SG A)
FT-467 (SG A)
FT-476 (SG B)
FT-477 (SG B)
FT-500 (SG A)
FT-503 (SG B)

3
3
3
3
3
3

0-4.6E6 pph
0-4.6E6 pph
0-4.6E6 pph
0-4.6E6 pph
0-4.6E6 pph
0-4.6E6 pph

No
No
No
No
No
No

No
No
No
No
No
No

SS
SS
SS
SS
SS
SS

1C/TSC**
1C/TSC**
1C/TSC**
1C/TSC**
1C/TSC**
1C/TSC**

FI-466
FI-467
FI-476
FI-477
FI-500
FI-503

D

Auxiliary Feedwater Flow

2

0-110% Design

Yes

No

Partial

Rel.

No

A
D
D

*
FT-4084 (Standby**)
FT-4085 (Standby**)

*
2
2

*
0-300 gpm (0-128%)
0-300 gpm (0-128%)

*
Mild
Mild

*
Yes
Yes

*
SR
SR

*
1A
1C

*
FI-4084B
FI-4085B

D

Condensate Storage Tank (CST)
Level

1

Plant Specific

Yes

Yes

Full

1E

Yes

A

*

*

*

*

*

*

*

*

D

Containment Spray Flow

2

0-110% Design

Yes

No

Partial

Rel.

No

n.a.

None

*

*

*

*

*

*

*
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No
Yes**
Yes**
Yes**
Yes**
Yes**
Yes**

F0464
F0465
F0474
F0475
F0498
F0499

*Denotes auctioneered power
supply from the advanced digital
feedwater control system
(ADFCS). Power for the system
is auctioneered from bus 1C and
the TSC Inverter.
**Median of three channels per
SG is recorded RK-11(SGA),
RK-13(SGB).

F0466
F0467
F0476
F0477
F0500
F0503

*Recorders RK-11 (SGA) and
RK-13 (SGB) record median
flow of the three channels.
**Main feedwater flow
transmitters receive power from
the digital feedwater control
system (ADFCS). Power for the
system is auctioneered from bus
1C and the TSC Inverter.

*
F4084
F4085

*See item #1, RG&E type
A variable.
**Ginna Station has a manual
standby auxiliary feedwater
system, (SAFW) which
duplicates the capacity of the
motor-driven Preferred
auxiliary feedwater system
(AFW).

No
Yes*
Yes*
Yes*
Yes*
Yes*
Yes*

No
*
No
No

Plant Specific
*

*

*See item #7, RG&E type A
variable.

*

*Indirect indication of
containment spray flow is
available using SI flow and
RHR flow. NRC SER dated
12/4/90 found this acceptable.

No
*
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72

73

74

75

76

77

78

D

Containment Fan Heat Removal

2

Plant Specific

Yes

No

Partial

Rel.

No

n.a.

None

*

*

*

*

*

*

*

D

Containment Air Temperature

2

40-400F

Yes

No

Partial

Rel.

No

D

TE-6031 (elev. 245 ft 0 in.)
TE-6035 (elev. 261 ft 9 in.)
TE-6036 (elev. 261 ft 9 in.)
TE-6037 (elev. 261 ft 9 in.)
TE-6038 (elev. 261 ft 9 in.)
TE-6045 (elev. 286 ft 4 in.)

2
2
2
2
2
2

0-300F
0-300F
0-300F
0-300F
0-300F
0-300F

Yes
Yes
Yes
Yes
Yes
Yes

(Yes)
(Yes)
(Yes)
(Yes)
(Yes)
(Yes)

SS
SS
SS
SS
SS
SS

*
*
*
*
*
*

No
No
No
No
No
No

D

Containment Sump Temperature

2

50-250F

Yes

No

Partial

Rel.

No

n.a.

TE-490 A/B (sump A)
TE-491 A/B (4.3 ft above basement
floor)

2
2

0-360F
0-360F

Yes
Yes

Yes
Yes

SR
SR

1A/1C
1A/1C

No
No

D

Reactor Water
Makeup Flow (CVCS)

2

0-110% Design

Yes

No

Partial

Rel.

No

n.a.

FT-111

2

5-75 gpm (0-100%)

Mild

No

SS

1A

No

D

Letdown Flow (CVCS)

2

0-110% Design

Yes

No

Partial

Rel.

No

n.a.

FT-134

2

0-100 gpm (0-167%)

Mild

No

SS

1D

FI-134

D

Volume Control Tank Level

2

Top to Bottom

Yes

No

Partial

Rel.

No

n.a.

LT-112

2

0-100%

Mild

No

SS

1B

LI-112

D

CCW Temperature to ESF System

2

40-200F

Yes

No

Partial

Rel.

No

n.a.

TE-621 (component cooling water
(CCW) heat exchanger temperature)

2

0-225F

Mild

No

SS

1B

TI-621
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No
*

*

*Indirect indication of
containment fan heat removal is
available using containment air
temperature, sump temperature,
and containment pressure. NRC
SER dated 12/4/90 found this
acceptable.

Yes
Yes
Yes
Yes
Yes
Yes

NRC SER dated 12/4/90 found
the range deviation to be
acceptable.
*1E supply from MCC 1D (B
train)

Yes
Yes

TE-490A/B and TE-491A/B are
dual element RTDs. The ‘A’
elements are powered from bus
1A and the ‘B’ elements are
powered from bus 1C. Each
element is available on the PPCS
as a separate point.

No

NRC SER dated 12/4/90 found
the instrument range acceptable.

No
No
No
No
No
No
No
No
No
No

No
RK-10
No
No

F0134
No

No

L0112
No

No

T0621

NRC SER dated 12/4/90 found
the instrumentation provided to
be acceptable.
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79

80

81

82

83

D

CCW Flow to ESF System

2

0-110% Design

Yes

No

Partial

Rel.

No

n.a.

FT-619 (component cooling water
(CCW) system flow)

2

0-7000 gpm

Mild

No

SS

1C

No

D

Hi Level Radioactive Liquid Tank
Level

3

Top to Bottom

No

No

Comm.

n.p.

No

D

LT-1001 (waste holdup tank)
LT-1003 (reactor coolant drain tank)

3
3

0-100%
0-100%

No
No

No
No

SS
SS

**
*

No
No

D

Radioactive Gas Holdup Tank
pressure

3

0-150% Design

No

No

Comm.

n.p.

No

n.a.

PT-1036 (Tank 1)
PT-1037 (Tank 2)
PT-1038 (Tank 3)
PT-1039 (Tank 4)

3
3
3
3

0-150 psig (0-100%)
0-150 psig (0-100%)
0-150 psig (0-100%)
0-150 psig (0-100%)

No
No
No
No

No
No
No
No

SS
SS
SS
SS

**
**
**
**

No
No
No
No

D

Emergency Ventilation Damper
Position

2

Open/Closed

Yes

No

Partial

Rel.

No

D

7970 (mini-purge)
7971 (mini-purge)
7445 (mini-purge)
7478 (mini-purge)

3
3
3
3

Open/closed
Open/closed
Open/closed
Open/closed

No
No
No
No

Yes
Yes
Yes
Yes

SS
SS
SS
SS

ADC
ADC
ADC
ADC

Yes
Yes
Yes
Yes

D

Standby Power/Energy Imp. to
Safety Status

2

Plant Specific

Yes

No

Partial

Rel.

No

D

EDG A, B: V, 1W, A
125-V dc A, B, V, A
PT-2023 (instrument air)
PT-455 (PORV, SI acc)
PT-456 (PORV, SI acc)

3
3
3
2
2

0-500 V, 0-3000 A, 0-2 MW
0-150 V, 0-50 A
0-160 psig
0-1000 psig
0-1000 psig

Mild
Mild
Mild
Mild
Mild

No
No
No
No
No

SS
SS
NS
SS
SS

n.a
n.a
1C
1B
1A

Yes
Yes
PI-2086
PI-455
PI-456
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No
No

F0619

The CCW system is prealigned
with flows to various ESF
components manually adjusted
using local flow indicating
switches. RG 1.97 states that
the purpose of this variable is to
monitor operation. The
instrumentation provided meets
this intent.

No
L1003

Indication of both tank levels are
available at the radwaste panel
*Normally fed from 480-V
safeguards bus 14 (train A) with
a manual backup to 480-V
safeguards bus 16 (train B)
** Pneumatic

No
No
No
No

Design of each tank and its
safety valve setpoint is 150 psig.
Normal radgas pump operating
pressure is <100 psig. NRC
SER dated 12/4/90 found this
range deviation acceptable.
** Pneumatic

No
No
No
No

Mini-purge valves are locked
closed and only opened for
containment pressure control.
These valves are in their safetyrelated position prior to any
adverse conditions and do not
change position throughout any
accident. Therefore EQ is not
deemed necessary.

No
No
No

No
No
No
No
No

No
No
No
No
No

No
No
No
No
No
No

Yes
Yes
No
No
No
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85

86

87

E

Containment High Radiation
Monitor

1

1-1E7 R/hr

Yes

Yes

Full

1E

Yes

E

R-29
R-30

1
1

1 R/hr-1E7 R/hr
1 R/hr-1E7 R/hr

Yes
Yes

Yes
Yes

SR
SR

1A
1C

RM-29
RM-30

E

Radiation Exposure Rate-Access
Required Areas

3

1E-1-1E4 R/hr

No

No

Comm.

n.p.

No

D

Various microprocessor based
monitors located and qualified to
satisfy NUREG 0654

3

0.1-1E7 mR/hr

No

No

SS

Various

Yes

D

Airborne Radiation Release Noble
Gas and Flow

2

1E-6-1E5 Ci/cm3

Yes

No

Partial

Rel.

No

C

*

*

*

*

*

*

*

*

3

1E3-1E2 Ci/cm3

No

No

Comm.

n.p.

No

RM-12A (containment vent)

3

No

No

SS

*

Yes

No

R-12A

RM-14A (plant exhaust vent)

3

1E-5-10 Ci/cm3 halogens, 1E6-1 Ci/cm3 particulate
5E-5-50 Ci/cm3 halogens,
2.5E-5-25 Ci/cm3 part.

No

No

SS

*

Yes

No

R-14A

E

Airborne Radioactivity and Part.
(Portable Samplers)

3

1E-9-1E-3 Ci/cm3

No

No

Comm.

n.p.

No

E

Various fixed and portable samplers

3

1E-12-1E-3 Ci/cm3 (Aliquot
or diluted sample)

No

No

SS

n.a.

No

E

Plant and Environ. Radiation
(Portable)

3

1E-3-1E4 R(rad)/hr

No

No

Comm.

n.p.

No

E

Various portable instrumentation

3

1E-6-1E3 R/hr gamma
1E-3-1E3 R/hr beta

No

No

SS

n.a.

No

E

Plant and Environ. Radioactivity
(Portable)

3

Isotopic Analysis

No

No

Comm.

n.p.

No

3

1E-8-10 Ci

No

No

SS

n.a.

No

E
E

88

89

90

E
91

Airborne Radiation Release
Particulate and Halogens

Multichannel gamma ray
spectrometer

E

Wind Direction

3

0-360

No

No

Comm.

n.p.

No

E

Wind direction at 33 ft
Wind direction at 150 ft
Wind direction at 250 ft
(elevations at met tower)

3
3
3

0-360
0-360
0-360

No
No
No

No
No
No

SS
SS
SS

*
*
*

No
No
No
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Plant Specific
RK-78
RK-79

R-29
R-30
No

Yes

Yes

No
*

*

*See item #47, RG&E type C
variable

No
*SPING radiation monitors are
powered from a dedicated
supply from MCC D (safety
related).

No
No

No
No

No

Beta Radiations and Photons
No

No
No

No
No

RK-32
No
No

WD033
WD150
WD250

*The weather tower currently
receives power directly via an
offsite supply.
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93

E

Wind Speed

3

0-50 mph

No

No

Comm.

n.p.

No

E

Wind speed at 33 ft
Wind speed at 150 ft
Wind speed at 250 ft
(elevations at met tower)

3
3
3

0-50 mph
0-100 mph
0-100 mph

No
No
No

No
No
No

SS
SS
SS

*
*
*

No
No
No

E

Estimation of Atmospheric Stab.

3

Based on Vert. T

No

No

Comm.

n.p.

No

E

RTDs at 33, 150, 250 ft elevations
(met tower)

3

-8-20F between each elevation

No

No

SS

*

Yes**

94

Deleted

95

Deleted

a.

No
RK-32
No
No

WS033
WS150
WS250

*The weather tower currently
receives power directly via an
offsite supply.

WDT1
WDT2

*The weather tower currently
receives power directly via an
offsite supply.
**Temperatures at each
elevation are displayed in the
control room.

No
No

Recorder
Chart
Yes

A control room recorder is provided. The equipment identification number is provided if appropriate.

No

No recorder is provided.

Yes

The variable is available on the plant process computer. (The point identification is given if appropriate).

No

The instrument does not input to the computer.

Comp

b.

Classification
Postaccident instrumentation at Ginna Station is classified according to the following criteria:

Type A:

Indication required by the operator during performance of an emergency operating procedure (EOP), in response to a design basis accident, to determine if manual actions are required in order to accomplish required
safety functions for which no automatic action is provided.

Type B:

Indication used by the operator during performance of an emergency operating procedure (EOP), in response to a design basis accident, to verify that required automatic or manual safety functions have been
accomplished.

Type C:

Indication used by the operator during performance of an emergency operating procedure (EOP), in response to a design basis accident, to determine if any of the barriers to fission product release have been or may
be breached.

Type D:

Indication used by the operator during performance of an emergency operating procedure (EOP), in response to a design basis accident, to determine that a safety system or system important to safety has actuated.

Type E:

Indication used by the operator to determine the magnitude of a radioactive release and to continually assess the release.
n.a. is entered for variables that although listed in Regulatory Guide 1.97, Revision 3, are not considered postaccident variables at Ginna Station.
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c.

Categorization

Category 1:

Type A variables and key (primary) types B and C variables make up Category 1.

Category 2:

Key (primary) types D and E variables make up Category 2.

Category 3:

Backup types B, C, D, and E variables make up Category 3.

If the channel is not considered postaccident instrumentation at Ginna Station (n.a. under TYPE) then this entry represents the current level of qualification of the channel.
d.

Equipment Qualification

Environment:

Those portions of Category 1 or 2 postaccident instrumentation channels located in harsh environments are qualified for their design basis accident environments in accordance with the Ginna Station
10 CFR 50.49 Environmental Qualification Program. Design basis accident environments are specified in Table 3.11-1. Those portions of postaccident instrumentation channels located in mild
environments do not require environmental qualification.
Yes

Signifies environmental qualification in accordance with the Ginna Station 10 CFR 50.49 compliance program (Section 3.11) is provided.

No

Signifies environmental qualification is not provided.

Mild

Signifies the primary device is located in a mild environment during its postaccident function and therefore environmental qualification is not provided.

(Yes)
Seismic:

Signifies environmental qualification in accordance with the Ginna Station 10 CFR 50.49 compliance program is planned but not yet complete.
Category 1 postaccident instrumentation is seismically qualified in accordance with the Ginna Seismic Qualification Program (Section 3.10) with the following clarifications:

1.

Seismic qualification for analog indicators was generally not provided for those indicators in place before 1983 regardless of category. Only those portions of the channel that performed a safety
function (i.e., RPS or ESF actuation) were qualified.

2.

Seismic qualification is not considered necessary for recorders unless they provide the sole indication for a Category 1 variable.

3.

Seismic qualification for inputs to the plant process computer is provided only up to the isolating device feeding the computer input. The SAS/PPCS is not seismically qualified.

4.

Only the mounting of status light housings is considered seismically qualified. Light bulbs are considered "commercially rugged" and can be reasonably expected to survive an earthquake.

Yes

Signifies seismic qualification in accordance with the Ginna Seismic Qualification Program is provided. Seismic qualification at Ginna is currently being resolved under USI-46.

No

Signifies seismic qualification is not provided.

(Yes)

Signifies seismic qualification is proposed but not yet provided.
Seismic qualification only applies to the primary variable indication and those portions of the instrument loop necessary for this indication to function. Recorders are not seismically qualified
unless they are the primary indicator. The plant process computer is not seismically qualified.
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e.

Quality Assurance
Regulatory Guide 1.97 Quality Assurance Category

full

Quality assurance in accordance with Regulatory Guides 1.28, 1.30, 1.38, 1.58, 1.64, 1.74, 1.88, 1.123, 1.144, and 1.146 is recommended.

partial

Quality assurance commensurate with the importance to safety of the instrument should be provided.

comm

Quality assurance through high quality commercial practices should be provided.
Ginna maintains an approved 10 CFR 50 Appendix B Quality Assurance Program which is based on the ANSI/ANS 51.1 Standard. Three quality categories exist:

1.

Safety-related class (SR)

2.

Safety-significant class (SS)

3.

Non-safety class (NS)
The safety-related class (SR) provides for full program control and is considered suitable for any category of postaccident instrumentation. The safety-significant class (SS) provides augmented quality control based
on the importance to safety of the device or activity and is considered suitable for Categories 2 or 3 variables, and certain portions of Category 1 channels (recorders, secondary indicators). The non-safety class (NS)
provides normal commercial-grade quality control which may be suitable for some Category 3 variables.
Procurement of postaccident instrumentation equipment currently installed was in accordance with the Quality Assurance Program in effect at the time of the procurement for the classification of the equipment at
that time. Future procurement, maintenance, calibration, and design controls will be in accordance with the program as described above.
f.

Power Supply
Regulatory Guide 1.97

1E

Power provided in accordance with Regulatory Guide 1.32 with battery backup if momentary loss cannot be tolerated should be provided.

rel

A high reliability power source with battery backup if momentary loss cannot be tolerated should be provided.

n.p.

No provision made in Regulatory Guide 1.97, Revision 3.
Ginna Station

1A

A safety-related power supply (1E) provided from instrument bus 1A. Safety-related battery A supply precludes momentary loss of power.

1B

A safety-related power supply (1E) provided from instrument bus 1B. No battery backup is provided. Emergency onsite power is provided by emergency diesel generator A.

1C

A safety-related power supply (1E) provided from instrument bus 1C. Safety-related battery B supply precludes momentary loss of power.

MQ-483

A safety-related power supply from inverter MQ-483. Safety-related battery A supply precludes momentary loss of power.

1D

A non-safety-related power supply from instrument bus 1D. No battery backup is provided nor emergency onsite source.

TSC

A highly reliable onsite power source with battery backup to preclude momentary loss of power.

ADC

Safety-related battery bus A.

BDC

Safety-related battery bus B.
g.

Control Room Indication

Yes

Control room indication separate from a recorder is provided.

No

Control room indicator (other than plant process computer or recorder) is not provided.
Note: the equipment identification number is provided if appropriate.
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7.6
7.6.1

OTHER INSTRUMENTATION SYSTEMS REQUIRED FOR
SAFETY
OVERPRESSURE PROTECTION DURING LOW POWER OPERATION

The actuation circuitry of the pressurizer power operated relief valves (PORVs) has been
modified to provide a low-pressure lift setpoint within the limit specified in the Pressure and
Temperature Limits Report (PTLR) during startup and shutdown conditions (see Section
5.2.2.2).
The Low Temperature Overpressure Protection (LTOP) circuitry for low pressure power
operated relief valve (PORV) actuation circuitry uses multiple pressure sensors, power
supplies and logic trains to improve system reliability. Each of the two pressurizer power
operated relief valves (PORVs) is manually enabled using two key lock switches, one to line
up the nitrogen supply and the other to enable the low-pressure setpoint.
When the reactor vessel is at low temperature with the Low Temperature Overpressure
Protection (LTOP) system enabled, a pressure transient is terminated below the 10 CFR 50,
Appendix G limit by automatic opening of the pressurizer power operated relief valves
(PORVs). An enabling alarm monitors the reactor coolant system temperature, the position of
the key lock switches, and the upstream isolation valve position.
The Low Temperature Overpressure Protection (LTOP) system is required to be in operation
during plant cooldown prior to decreasing temperature below the limit specified in the PTLR
or on initiation of the residual heat removal system, and it is disabled prior to exceeding
350F during plant heatup. The enabling alarm alerts the operator in the event the reactor
coolant system temperature is below the limit specified in the PTLR and the Low
Temperature Overpressure Protection (LTOP) system valve or switch alignment has not been
completed.
The pressurizer power operated relief valves (PORVs) are spring closed and air or nitrogen
opened. Each of the two pressurizer power operated relief valves (PORVs) receives actuating
gas from either the plant instrument air system or a backup nitrogen accumulator; however,
only nitrogen is used during LTOP conditions. Low-pressure alarms are installed in the
control room to alert the operator to a low nitrogen accumulator pressure condition.
In addition to narrow-range pressurizer pressure indication, a reactor coolant system widerange pressure indication and recording (0-3000 psig) and a low-pressure indication (0-700
psig) are provided on the main control board.
An overpressure alarm that incorporates two setpoints is also provided. One setpoint is
variable and follows the PTLR limit. The other alarms at a preprogrammed differential
pressure. Both setpoints alarm and light on the plant process computer system.
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7.6.2

AUXILIARY FEEDWATER SYSTEM AUTOMATIC INITIATION AND FLOW
INDICATION

Redundant flow indication is provided for each motor-driven auxiliary feedwater pump
(MDAFW) and the common discharge of the turbine-driven auxiliary feedwater pump
(TDAFW). Each redundant channel of flow indication consists of the following:
•

Qualified transmitter.

•

Transmitter power supply.

•

Square root extractor.

•

Output isolation amplifier.

•

Main control board analog indicator.

Continuous indication is provided to the operator by means of a dual movement vertical scale
indicator. Each movement receives the analog signal from its respective channel of flow
indication for a particular auxiliary feedwater flow path. Hence, the operator can quickly
ascertain if there is any discrepancy between channels.
7.6.3

SUBCOOLING METER

As a result of NUREG 0578, Item 2.1.3.b, Instrumentation for Detection of Inadequate Core
Cooling, two separate analog subcooling meters were installed to provide a continuous
display of reactor coolant temperature margin to saturation. There is one resistance
temperature detector input from each hot leg, one going to each meter. The range is 0700F. The dual-element resistance temperature detectors are seismically and
environmentally qualified.
There is one pressurizer pressure input for each meter with a range of 0-3000 psig.
Resistance temperature detectors and pressure transmitters are seismically and
environmentally qualified.
Redundancy is provided by the plant process computer system and safety parameter display
system whose inputs are independent of the subcooling meter. Computer temperature input
comes from five in-core thermocouples with a range of 300-700F and pressure input comes
from the reactor coolant system with a range of 0-3000 psig.
Indication of the subcooling margin is provided in the control room. An alarm is provided to
indicate that one of the channels has computed a subcooling margin of 35 F or less.
Subcooling margin is input to the plant process computer system for MODES 1 and 2 and
safety assessment.
Emergency operating procedures (EOPs) utilize core exit thermocouples, reactor coolant
system pressure and EOP subcooling attachments to determine subcooling values for EOP
usage.
7.6.4

DIRECT CURRENT POWER SYSTEM BUS VOLTAGE MONITORING AND
ANNUNCIATION

A dc monitoring system has been added to the three dc systems. The system provides a
separate group alarm for each battery consisting of a high voltage alarm (greater than 140 V),
a low voltage alarm (less than 132 V), low charging rate alarm, or negative (discharging) rate
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alarm. The system along with existing alarms (Section 8.3.2.2) provides complete indication
of abnormal DC system conditions.
7.6.5

REACTOR VESSEL LEVEL INDICATION SYSTEM

The reactor vessel level indication system is used to trend coolant inventory within the reactor
vessel during all phases of plant operation, including postaccident conditions with quasisteady-state conditions and during slowly developing transients. The reactor vessel level
indication system is a Class 1E system and all components are designated Seismic Category I.
The reactor vessel level indication system consists of two redundant differential pressure
transmitters. One process connection of the transmitters is connected to tubing from the
reactor vessel head and the other is connected to tubing associated with an in-core neutron
flux mapping guide tube. The output from these transmitters is processed by redundant
Foxboro signal processing racks. The Foxboro signal processing rack produces an analog
signal that is proportional to the reactor coolant inventory in the reactor vessel.
Other parameters introduced to the Foxboro signal processing racks are core exit
temperatures, cold leg temperature, reactor coolant system wide-range pressure, reactor
coolant pump status, safety injection status, and residual heat removal status. The
introduction of these inputs is necessary for an accurate reactor vessel inventory output. The
differential pressure signals are processed to compensate for reference leg temperature
differences, primary coolant flow and temperature, safety injection, and residual heat
removal operation.
The reactor vessel level indication system displays reactor vessel level and vessel fluid fraction
locally at each reactor vessel level indication system instrument rack and in the main control
room. Signals are also input to the plant process computer system for an independent
calculation of reactor vessel level.
An evaluation of the Westinghouse Owners Group Emergency Response Guidelines was
performed to establish a minimum accuracy design objective for the reactor vessel level
indication system. This evaluation is presented in Reference 1. For worst-case conditions an
uncertainty of approximately 10% was determined to be an acceptable design objective. The
worst-case uncertainty for the system is 10%, which meets the design objective.
Failure of the upper sensing line to drain under voiding conditions is addressed in Reference
2. If this line does not drain, the reactor vessel level indication system will read higher than
the actual reactor vessel level, which is non-conservative. A correction factor will address
this issue. This correction factor of 4% fluid fraction (with reactor coolant pumps on) or 9%
reactor vessel level (with reactor coolant pumps off) has been added to the setpoints for the
reactor vessel level indication system used in emergency operating procedures.
The instrumentation ranges from the top of the reactor vessel to the top of the core exit
thermocouples. Because of flow instabilities with vessel inventory below the hot leg and the
reactor coolant pumps on, the instrumentation will only provide accurate trending information
from the top of the vessel to the hot leg. With the reactor coolant pumps off, the
instrumentation is accurate from the top of the vessel to the top of the core exit
thermocouples.
Inventory trending below the top of the core is calculated based upon assumed saturated
conditions within the core corresponding to system pressure. Instrument indication below the
Page 96 of 142

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 7 INSTRUMENTATION AND CONTROLS

top of the core should give reasonable results for collapsed inventory; however, it is considered
only an approximation of the inventory trend because of the many phenomena that may affect
system response. The reactor vessel level indication system was installed to meet the
requirements of NUREG 0737, Item II.F.2. Its purpose is to provide the plant operator
additional information on reactor vessel water level, particularly during transient events.

Page 97 of 142

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 7 INSTRUMENTATION AND CONTROLS

REFERENCES FOR SECTION 7.6
1.

Letter from R. W. Kober, RG&E, to C. Stahle, NRC, Subject: Inadequate Core Cooling
Instrumentation, NUREG 0737, Item II.F.2, dated September 18, 1987.

2.

Rochester Gas and Electric Corporation Design Analysis, DA-EE-97-055, Reactor
Vessel Level Indication System (RVLIS) Correction, dated June 23, 1997.
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7.7
7.7.1
7.7.1.1
7.7.1.1.1

CONTROL SYSTEMS NOT REQUIRED FOR SAFETY
DESCRIPTION
General
Reactor Control System

The reactor control system is designed to limit nuclear plant transients for prescribed design
load perturbations, under automatic control, within prescribed limits to preclude the
possibility of a reactor trip in the course of these transients.
The following is a general description of the reactor control system employed by
Westinghouse for control of pressurized water reactors (PWRs):
During steady-state operation, the primary function of the reactor control is to maintain a
programmed average reactor coolant temperature that rises in proportion to load. The control
system also limits nuclear plant system transients to prescribed limits about this programmed
temperature for specified load perturbations. (See Figure 7.7-1.)
In 1997 and 1999, components in channels I, II, III, and IV were replaced such that the
function being performed by the electrical bridge circuit in the temperature channels were
modified to be accomplished mathematically in the time domain module (see Figure 7.2-14).
The controller compares the average of these temperatures with the programmed temperature.
A signal, proportional to plant load, sets the programmed temperature.
The controller directs fixed groups of control rod clusters (the control groups) to decrease
reactor power as required to maintain the desired average temperature. The automatic control
rod withdrawal function has been disabled; therefore, rod withdrawal is performed manually
by the operator to increase the average temperature. Within each control group, a
proportional speed control sequentially actuates the rods. The sequential mode of operation
provides fine temperature control for steady-state operation, including those periods when
boron concentration is adjusted to account for long-term reactivity effects such as core
burnup.
For rapid reactivity requirements to accommodate relatively large changes in load, the control
groups are driven at a higher rate through the proportional speed control so that each group is
effectively moving as a unit. A neutron flux signal and a turbine load signal are used in addition
to the average temperature signal to improve the controller response for large and rapid load
variations.
7.7.1.1.2

Steam Dump Control System

A steam dump control system removes sensible heat stored in the reactor coolant system for a
large step load decrease or a reactor trip. With the average reactor coolant temperature
programmed, the full load average temperature is significantly greater than the saturation
pressure corresponding to the Main Steam Safety Valve (MSSV) set pressure. Steam is
dumped in order to remove the stored heat in the primary system at a rate fast enough to
prevent lifting of the Main Steam Safety Valve (MSSV) for a large step load decrease, or a
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reactor trip. The average reactor coolant temperature and steam pressure activate the dump
system, which is interlocked with plant output to improve overall control reliability.
7.7.1.1.3

Reactivity Control

The shutdown groups of control rods are capable of shutting the reactor down by a
sufficiently safe margin. They are used in conjunction with the adjustment of chemical shim
and the control group to maintain proper shutdown margins for all operating conditions.
The automatic control group is interlocked with measurements of turbine output to prevent
automatic control below a predetermined percentage of full power. The manual automatic
controls are further interlocked with measurements of coolant temperatures, nuclear flux, and
rod drop indication to prevent approach to an overpower condition.
Overall reactivity control is achieved by the combination of chemical shim and control rod
clusters. Long-term regulation of core reactivity is accomplished by adjusting the
concentration of boric acid in the reactor coolant. Short-term reactivity control for power
changes or reactor trip is provided by movement of control rod clusters.
The primary function of the reactor control system is to provide automatic control of the rod
clusters during power operation of the reactor. The system uses input signals including
neutron flux, coolant temperature, and plant turbine load. The chemical and volume control
system serves as a secondary reactor control system by the addition and removal of varying
amounts of boric acid solution.
A block diagram of the reactor control system is shown in Figure 7.7-2.
There is no provision for a direct continuous visual display of primary coolant boron
concentration. When the reactor is critical, the best indication of reactivity status in the core
is the position of the control group in relation to plant power and average coolant
temperature.
There is a direct, predictable, and reproducible relationship between rod position and power
and it is this relationship that establishes the lower insertion limit calculated by the rod
insertion limit monitor. There are two alarm setpoints to alert the operator to take corrective
action in the event a control group approaches or reaches its lower limit.
Any unexpected change in the position of the control group under automatic control or a
change in coolant temperature under manual control provides a direct and immediate
indication of a change in the reactivity status of the reactor. In addition, periodic samples of
coolant boron concentration are taken. The variation in concentration during core life
provides a further check on the reactivity status of the reactor including core depletion.
7.7.1.1.4

Reactor Control System Operation

The reactor control system is designed to enable the reactor to follow load changes
automatically when the plant output is above 12.8% of nominal power. Control rod
positioning may be performed automatically when plant output is above this value and
manually at any time. Automatic control allows for control rod insertion to decrease the
average temperature or account for load decreases. For load increases, the control rods are
withdrawn manually by the operator.
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The operator is able to select any single bank of rods for manual operation. This is
accomplished with a single switch so that the operator may not select more than one bank.
The operator may also select automatic or manual reactor control, in which case the control
banks can be moved only in their normal sequence with some overlap as one bank reaches
its full withdrawal position and the next bank begins to withdraw. Relay interlocks, designed
to meet the single-failure criterion, are provided to preclude simultaneous withdrawal of
more than one group of control and shutdown rods except in overlap regions.
The system enables the nuclear plant to accept a generation step load increase of 10% and a
ramp increase of 5% per minute within the load range of 12.8% to 100% without reactor trip
subject to possible xenon limitations. The reactor control system no longer has the ability to
withdraw the control rods on plant load increase transients. These transients can still be
accommodated without a reactor trip; however, the operator will withdraw the rods to return the
average temperature to the programmed value. Similar step and ramp load reductions are
possible within the range of 100% to 12.8% of nominal power.
The control system is capable of restoring coolant average temperature to within the
programmed temperature deadband, following a scheduled or transient decrease in load.
The reactor plant can be placed under automatic control in the power range between 12.8%
load and full load for the following design transients:
A. 10% step change in load without steam dump.
B. 5% per minute loading and unloading.
C. 50% load rejection from full power.
D. Turbine trip from 50% power without a reactor trip.
The control system is designed to operate as a stable system over the full range of automatic
control throughout core life without requiring operator adjustment of setpoints other than
normal calibration procedures.
7.7.1.1.5

Pressurizer Pressure and Water Level Control System

A programmed pressurizer water level as a function of reactor coolant average temperature
minimizes the requirements of the chemical and volume control and waste disposal systems
resulting from coolant density changes during loading and unloading from full power to zero
power.
The pressurizer water level control system establishes, maintains, and restores pressurizer
water level within specified limits as a function of the average coolant temperature.
The pressurizer pressure control system maintains plant pressure within an acceptable operating
band during steady-state and/or transient conditions.
7.7.1.1.6

Steam Dump System

Following a reactor and turbine trip, sensible heat stored in the reactor coolant is removed
without actuation of Main Steam Safety Valves (MSSV) by means of controlled steam dump
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to the condenser and by injection of feedwater to the steam generators. Reactor coolant
system temperature is reduced to the no-load condition. This no-load coolant temperature is
maintained by steam bypass to the condensers to remove residual heat.
The advanced digital feedwater control system (ADFCS) measures, indicates, and controls
the water level in the two steam generators. The steam dump system is used to minimize the
stresses on the primary system induced by disturbances in the secondary plant steam loads. In
conjunction with the rod control system, the steam dump system allows the plant to
accommodate a 50% load rejection without inducing a reactor trip.
7.7.1.2
7.7.1.2.1
7.7.1.2.1.1

Rod Control System
Control Group Control
General

The rod control system is a solid-state electronic control system that moves and holds the
control rods according to system input orders. The rod drive mechanism is an
electromagnetic stepping type mechanism with three actuating coils for holding and
movement. To hold a control rod, the system keeps a gripper coil energized. To move a rod,
the system sequentially energizes and deenergizes the three coils causing the rod to move in
discrete steps.
In automatic control the rod control system maintains a programmed reactor coolant average
temperature with adjustments of control rod position for equilibrium plant conditions. The
reactor control system is capable of restoring programmed average temperature following a
scheduled or transient change in load. The coolant average temperature increases linearly
from zero power to the full power conditions.
In manual control the operator maintains control of the reactor through bypassing the reactor
control unit. By using the bank selector and the IN-HOLD-OUT switches the operator can
move the rods either by individual banks or in manual with bank overlap.
The control system will also compensate initially for reactivity changes caused by fuel
depletion and/or xenon transients. The automatic control rod withdrawal function has been
disabled and the rod control system will no longer compensate for fuel depletion. The initial
compensation for fuel depletion is performed manually by the operator. Final compensation
for these two effects is periodically made with adjustments of boron concentration. The
control system then readjusts the control rod in response to changes in coolant average
temperature resulting from changes in boron concentration.
7.7.1.2.1.2

Rod Control Input Signals

The coolant average temperatures are measured from the hot leg and the cold leg twice in
each reactor coolant loop. The average of the four measured average temperatures is the main
control signal. This signal is sent to the control rod programmer through a proportional plus
rate compensation unit. The control rod programmer commands the direction and speed of
control rod motion. A power-load mismatch signal is also employed as a control signal to
improve the plant performance. The power-load mismatch channel takes the difference
between nuclear power (average of all four power range channels) and a signal of turbine load
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(first-stage turbine pressure) and passes it through a high-pass filter such that only a rapid
change in flux or power causes rod motion. The power-load mismatch compensation serves
to speed up system response and to reduce transient peaks.
7.7.1.2.1.3

Rod Control Program

The control group is divided into four banks to follow load changes over the full range of
power operation. Each control bank is driven by a sequencing, variable speed rod drive
control unit. The rods in each control bank are divided into two subgroups; the subgroups
are moved sequentially one step at a time. The sequence of motion is reversible, that is, a
withdrawal sequence is the reverse of the insertion sequence. The variable speed sequential
rod control affords the ability to insert a small amount of reactivity at low speed to
accomplish fine control of reactor coolant average temperature about a small temperature
deadband.
Manual control is provided to manually move a control bank in or out at a preselected fixed
speed.
Proper sequencing of the control rod assemblies is ensured first, by automatic programming
equipment in the rod control system and second, through administrative control by the reactor
plant operator. Startup of the plant is accomplished by first manually withdrawing the shutdown rods to the full OUT position. This action requires the operator to select the SHUTDOWN BANK position on a control board mounted selector switch and then to position the
IN-HOLD-OUT lever (which has a spring return to the HOLD position) to the OUT position.
Control rod assemblies are then withdrawn under manual control of the operator by first
selecting the MANUAL position on the control board mounted selector switch and then
positioning the IN-HOLD-OUT lever to the OUT position. In the MANUAL selector switch
position, the rods are withdrawn (or inserted) in a predetermined programmed sequence by
the automatic programming equipment.
When the reactor power reaches approximately 12.8%, the operator may select the
AUTOMATIC position, where the IN-HOLD-OUT lever is out of service and rod motion is
controlled by the reactor control and protection systems. Automatic control rod withdrawal
has been disabled. For plant startup, the control rods are manually withdrawn by the
operator. A permissive interlock limits automatic control to reactor power levels above
12.8%. In the AUTOMATIC position, the rods are again inserted in a predetermined
programmed sequence by the automatic programming equipment.
Programming is set so that as the first bank out (control bank A) reaches a preset position near
the top of the core, the second bank out (control bank B) begins to move out simultaneously
with the first bank. When control bank A reaches the top of the core, it stops, and control
bank B continues until it reaches a preset position near the top of the core where control bank
C motion begins. This withdrawal sequence continues until the plant reaches the desired
power level. The programmed insertion sequence is the opposite of the withdrawal sequence,
i.e., the last control bank out is the first control bank in.
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With the simplicity of the rod program, the minimal amount of operator selection and two
separate direct position indications available to the operator, there is very little possibility that
rearrangement of the control rod sequencing could be made.
Twenty-one of 29 control rods are used for reactivity control to maintain the programmed
average coolant temperature as power level changes. The remainder are reserved for reactor
shutdown.
7.7.1.2.2

Shutdown Group Control

The shutdown groups of control rods together with the control group are capable of shutting
the reactor down. They are used in conjunction with the adjustment of chemical shim and the
control group to maintain an adequate shutdown margin of at least 1% with a stuck control
rod for all normal operating conditions. These shutdown groups are manually controlled,
except for automatic trip signals, and are moved at a constant speed. They are fully
withdrawn during power operation and are withdrawn first during startup. Criticality is
always approached with the control group after withdrawal of the shutdown groups.
7.7.1.2.3

Control Rod Drive Performance

The control group is driven by a sequencing, variable speed rod drive programmer. In the
control group of rod cluster control assemblies, control subgroups (each containing a small
number of rod cluster control assemblies) are moved sequentially in a cycle such that all
subgroups are maintained within one step of each other.
The sequence of motion is reversible, that is, withdrawal sequence is the reverse of the insertion
sequence. The sequencing speed is proportional to the control signal from the reactor control
system. This provides control group speed control proportional to the demand signal from the
control system. (See Figure 7.7-3.)
A rod drive mechanism control center is provided to receive sequenced signals from the
programmer and to actuate contactors in series with the coils of the rod drive mechanisms. Two
reactor trip breakers are placed in series with the supply for these coils. To permit on-line
testing, one bypass breaker position is provided across each of the two trip breakers.
7.7.1.2.4
7.7.1.2.4.1

Control Rod Power Supply System
General

The control rod drive power supply concept using a single scram bus system has been
successfully employed on all Westinghouse PWR plants. Potential fault conditions with a single
scram bus system are discussed in this section. The unique characteristics of the latch-type
mechanism with its relatively large power requirements make this system with the redundant
series trip breakers particularly desirable.
The solid-state rod control system is operated from two parallel connected 438-kVA generators
(Figure 7.7-4) which provide a 260-V, line-to-line, three-phase, four-wire AC power to the rod
control circuits through two series connected reactor trip breakers. This AC power is
distributed from the trip breakers to a lineup of identical solid-state power cabinets using a single
overhead run of enclosed bus duct which is bolted to and therefore comprises part of
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the power cabinet arrangement. The alternating current from the motor-generator sets is
converted to a profiled direct current by the power cabinet and is then distributed to the
mechanism coils. Each complete rod control system includes a single 70-V DC power
supply that is used for holding the mechanisms in position during maintenance of normal
power supply.
This 70-V supply, which receives its input from the ac power source downstream of the
reactor trip breakers, is distributed to each power cabinet and permits holding mechanisms in
groups of four manual positioning switches located in the power cabinets. The output
capacity of this 70-V DC supply is 50 amp. The system configuration limits the holding
capability to eight rods assuming that the DC holding function is used in only one power
cabinet at a time.
Current to the mechanisms is interrupted by opening either of the reactor trip breakers. The
70-V DC maintenance supply will also be interrupted since this supply receives its input power
through the reactor trip breakers.
The trip breakers are arranged in the reactor trip switchgear in individual metal-enclosed
compartments. The 1000-amp bus work, making up the connections between scram breakers,
will be separated by metal barriers to prevent the possibility that any conducting object could
short circuit or bypass scram breaker contacts. Figure 7.7-4 indicates the arrangement of this
equipment.
The 70-V DC holding supply and associated switches have been provided to avoid the need
for bringing a separate DC power source to the rod control system during maintenance on the
power cabinet circuits. This source is adequate for holding a maximum of eight mechanisms
and satisfies all maintenance holding requirements.
7.7.1.2.4.2

Control Rod Power Supply Connections

The control rods are divided into banks that are further divided into two groups each. The
banks are moved such that the groups of a bank are always within one step of each other.
Groups of rods consist of two or more rods that are electrically parallel to step
simultaneously.
The banks and groups are distributed among four solid-state power cabinets as shown below:

Control Bank A - Group 1

Control Bank A - Group 2

Control Bank C - Group 1

Control Bank C - Group 2

Shutdown Bank A - Group 1

Shutdown Bank A - Group 2

Control Bank B - Group 1

Control Bank B - Group 2

Control Bank D - Group 1

Control Bank D - Group 2

Not Used

Not Used
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Each power cabinet is designed to operate three groups of mechanisms such that only one
group can be moved at a time while the other two groups are held in position. Therefore, the
distribution permits no more than two banks to move at a time.
7.7.1.2.5

Control Rod Power Supply Evaluation

The rod control system equipment is assembled in enclosed steel cabinets. Three-phase
power is distributed to the equipment through a steel-enclosed bus duct, bolted to the
cabinets. Direct current power connections to the individual mechanisms are routed to the
reactor head area from the solid-state cabinets through insulated cables, enclosed junction
boxes, enclosed reactor containment penetrations, and sealed connectors. In view of this
type of construction, any accidental connection of either an AC or DC power source, either
internal or external to the cabinets, is not considered credible.
7.7.1.2.5.1

Alternating Current Power Connections

The three-phase four-wire supply voltage required to energize the equipment is 260 V line to
line, 58.3 Hz, 400-kVA capacity, zigzag connected. It is unlikely that any power supply, and
in particular one as unusual as this four-wire power source could be accidently connected in
phase in the required configuration. Also it should be noted that this requires multiple
connections, not single connections. The closest outside sources available in the plants are
480-V auxiliary power sources and 208-V lighting sources.
Connections of either a 480-V or 208-V, 60-Hz source to the single ac bus supplying the rod
control system causes currents to flow between the sources due to an out-of-phase condition.
These currents flow until the generator accelerates to a speed synchronous with the 60-Hz
outside source, a time sufficient to trip the generator breakers. The out-of-phase currents for
an unlimited capacity outside source, an outside source with a capacity equivalent to the
normal generator kVA, and for either one or two motor-generator sets in service are tabulated
in Table 7.7-1.
All of the currents in Table 7.7-1 are sufficiently high to trip out the generator breakers on
overcurrent. This trip-out is detectable by annunciation in the control room. If the outside
power source trips, the connection is of no concern.
Each solid-state power cabinet is tied to the main ac bus through three fused disconnect
switches: one each for the stationary gripper coil circuits, the movable gripper coil circuits,
and the lift coil circuits. Reference voltages to operate the control circuits for all three coil
circuits must be in phase with the supply to all coil circuits for proper operation of the system.
If the outside power source were brought into an individual cabinet, nine normal source
connections would have to be disconnected and the outside source would have to be tied in
phase to the proper nine points plus one neutral point to allow movement of the rods. This is
not considered credible.
Connection of a single-phase ac source (i.e., one line to neutral) is also considered
improbable. This would again require a high capacity source which would have to be
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connected in phase with the nonsynchronous motor-generator set supply. Again more than
one connection is needed to achieve this condition. Each power cabinet contains three alarm
circuits (stationary, movable, and lift) that would annunciate the condition to the operator. In
addition, calculations show that a single-phase source of 208 V, 260 V, or 480 V would not
supply enough current to hold the rods. Therefore, a jumper across two trip circuit breaker
contacts in series that results in a single phase remaining closed would not provide sufficient
current to hold up the rods.
The normal source generators are connected in a zigzag winding configuration to eliminate
the effects of direct current saturation of the machines resulting from the direct currents that
flow in the half wave bridge rectifier circuits. If this connection were not used, the generator
core would saturate and loss of generating action would occur. This condition would also
occur in a transformer. An outside source not having the zigzag configuration would have to
have a large capacity (>400 kVA) to avoid the loss of transformer action from saturation.
Most of the components in the equipment are applied with a 100% safety factor. Therefore,
the possibility exists that the system will operate at 480 V with a source of sufficient capacity.
The system will definitely operate at 208 V with a source of sufficient capacity.
The connection of an outside source of ac power to one rod control system would first require
a need for this source. No such need exists since two power sources (motor-generator sets)
are already provided to supply the system. If the source were connected in spite of the need,
extreme measures would have to be taken to complete the connection. The outside source
would have to be a large capacity (400-kVA) one. The currents that flow would require the
routing of large conductors or bus bars, not the usual clip leads. Then, the disassembly of
switchgear or enclosed bus duct would be required to expose the single ac bus. Large bolted
cable or bus bar terminations would have to be completed. A total of four conductors would
have to be connected in phase with a nonsynchronous source. To expect that a connection
could be completed with the equipment either energized or deenergized, in view of the
obstacles which would prevent such a connection, is incredible. However, even if the
connection were completed, the outside source connection would be detectable by the
operator through the tripping of the generator breakers.
7.7.1.2.5.2

Direct Current Power Connections

An external DC source could, if connected inside the power cabinet, hold the rods in position.
This would require a minimum supply voltage of 50 V. Since the holding current for each
mechanism coil is 4.4 amp, the DC current capacity would have to be approximately 128
amp to hold all rods. Achieving this situation would require several acts: bringing in a
power source which is not required for any type of operation in the rod control system,
preferentially connecting it into the system at the correct points, and actuating specific
holding switches so as to interconnect all rods. Closure of 12 switches in four separate
cabinets would be required to hold all rods. One switch could hold as many as four rods.
Should an external DC source be connected to the system, the system is provided with
features to permit its detection.
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Each solid-state power cabinet contains circuitry which compares the actual currents in the
stationary and movable gripper coils with the reference signals from the step sequencing unit
(slave cycler). In taking a single step, the current to the stationary gripper coil will be profiled
from the holding value to the maximum, to zero, and return to holding level.
Correspondingly, the movable gripper coil must change from zero to maximum and return to
zero. The pressure of an external DC source on either the stationary or movable coils would
prevent the related currents from returning to zero.
This situation would be instantaneously annunciated by way of the comparison circuit.
Therefore, any rod motion would actuate an alarm indicating the presence of an external dc
source. In addition, an external dc source would prevent rods from stepping. Thus, an
external source could be detected by the rod position indication system indicating failure of
the rod(s) to move.
Connection of an external dc power source to the output lines of the 70-V dc power supply
can be detected by opening the three-phase primary input of the supply and checking the
output with a voltmeter.
7.7.1.2.5.3

Evaluation Summary

In view of the preceding discussion, the postulated connection of an external power source
(either ac or dc) or short circuits that could prevent dropping of the rods is not considered
credible. Specifically,
a. The need for an outside power source has been eliminated by incorporating built-in holding
sources as part of the rod control system and by providing two motor-generator sets.
b. The equipment is contained within enclosed steel cabinets precluding the possibility of an
accidental connection of either ac or dc power in the cabinets.
c. Alternating current power distribution is accomplished using steel-enclosed bus duct. The
high capacity (400-kVA) ac power source is unique and not readily available. Multiple
connections are required.
d. Direct current power is distributed to the individual mechanisms through insulated cables
and enclosed electrical connections precluding the accidental connection of an outside dc
source external to the cabinets. The high capacity dc source required to hold rods is not
readily available in the rod control system, would require multiple connections, and would
require deliberate positioning of switches within the enclosed cabinets.
e. Provisions are made in the system to permit detection of an external dc source that could
preclude a rod release.
The total capacity of the system including the overload capability of each motor-generator set
is such that a single set out of service does not cause limitations in rod motion during
MODES 1 and 2. In order to minimize reactor trip as a result of a unit malfunction, the power
system is normally operated with both units in service.
There is no possible failure in the power cabinet that can cause more than one group of four
mechanisms to be moved at one time. First, to allow motion of mechanisms in a second
group while one group is moving, the circuits for the stationary, movable, and lift coils must
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all fail simultaneously. However, should this occur, the circuit arrangement for the movable
and lift coils will cause the current available to the mechanism’s coils to divide equally
between coils in the two groups. It has been shown by test that the L-106 mechanism will not
operate on half current. Finally, a multiplexing failure detection circuit is included in each
power cabinet which stops rod withdrawal or insertion should such a failure occur.
7.7.1.2.6

Rod Position Indication System

Two separate systems are provided to sense and display control rod position as described
below:
7.7.1.2.6.1

Microprocessor System

The microprocessor rod position indication (MRPI) system consists of a digital detector
assembly for each rod, a data cabinet located inside containment, and display racks located in
the relay room. Rod position data is displayed on a color cathode ray tube (CRT) in the
control room and also transmitted to the plant process computer system. The data cabinet
inside containment contains two multiplexers (MUX), which take rod position information
from each of the rods and transmit it to the processors, which are in the display racks located
in the relay room. One processor supplies information to the CRT located on the control
board, the other processor supplies information to the plant process computer system. Both
processors are required to produce a block rod withdrawala signal. The plant process
computer system backup can be used if the CRT in the MRPI system becomes inoperable.
The MRPI system directly senses rod position in intervals of 12 steps for each rod. The
digital detector assemblies consist of 20 discrete coil pairs spaced at 12-step intervals as
shown in Figure 7.7-4a. The MRPI system will normally indicate zero rod position until the
rod goes from zero steps to the first step. At that time the indication will normally switch
from zero to 12. When the rod goes from >one to two steps, the indication will normally
switch from 0 to The rod will normally be within +7 to 5 steps of the MRPI indication;
however, if the transition uncertainty of +2 steps is considered, the rod will always be within
+9 steps of the MRPI indication.
The safety concerns associated with the MRPI system are associated with generation of a
block rod withdrawal signal and the ability to comply with the rod misalignment requirement.
The MRPI system consists of one digital detector assembly per rod. All the detector
assemblies are multiplexed and become input to two redundant MRPI signal processors.
Each signal processor independently monitors all rods and senses a rod bottom for any rod.
A rod bottom signal from both signal processors is required to generate a block rod
withdrawala signal. The two-out-of-two coincident signal requirement reduces inadvertent
block rod withdrawal but does not affect the accident analysis assumptions.
The MRPI system is designed to satisfy the rod misalignment requirement. The MRPI
system determines rod position in 12-step intervals. The true rod position is always within 9
a.

The automatic rod withdrawal function of the reactor control system has been disabled. The block
automatic rod withdrawal function from MRPI on a rod drop is no longer used.
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to7 steps of the indicated position (7 to 5 steps due to the 12-step interval and 2 steps
transition uncertainty due to processing and coil sensitivity). Assume a rod becomes stuck at
zero steps. The MRPI indication for that rod could be 8. Since the step counter does not
know the rod is stuck, it would continue to count. The rod deviation alarm will be generated
by the plant process computer system. The alarm would be generated when the step counter
reaches 20 steps (20 steps--MRPI indication of 8 steps = setpoint of 12 steps). Therefore,
the maximum deviation possible is 20 minus 0 or 20 steps. This is bounded by the accident
analysis, which assumes 25-step rod misalignment. Another possible situation is the rod to
rod misalignment within a group or a bank. Assume the inoperable rod is at step 0. The
MRPI indication for this rod could be 8 steps. If the others within the group or bank are
aligned so that their MRPI indicated position is also 8 steps, the highest actual position for
any of these rods would be 14 steps. Therefore, if the rods are required to have the same
indicated position, the maximum actual position difference would be 14 minus 0 or 14 steps.
This is bounded by the accident analysis, which assumes 25-step rod misalignment.
The MRPI system is not Class 1E. The system is not required for safe shutdown of the plant
and is not required to operate during or after a seismic event.
7.7.1.2.6.2

Digital System

The digital system counts pulses generated in the rod drive control system. One counter is
associated with each group of rods within a bank, making a total of 10 for the four control
banks and one shutdown bank. Readout of the digital system is in the form of digital addsubtract counters reading the number of steps of rod withdrawal with one display for each.
These readouts are mounted on the control panel.
The digital and MRPI systems are separate systems; each serves as backup for the other.
Operating procedures require the reactor operator to compare the system readings upon
recognition of any apparent malfunction. Therefore, a single failure in rod position indication
does not in itself lead the operator to take erroneous action in the operation of the reactor.
7.7.1.2.6.3

Actual Position Indication

This system derives the position signal directly from measurements of the driven rod position
using the MRPI system described in Section 7.7.1.2.6.1, Item 1.
7.7.1.2.6.4

Demand Position Indication

The bank demand position signal is derived from the programmer and is displayed on an addsubtract pulse counter mounted in the control console.
7.7.1.2.6.5

Rod Deviation Alarm

Both the demand and actual rod position signals are monitored by a rod deviation monitoring
system that provides an alarm whenever the individual rod position signal deviates from the
bank demand signal by a preset limit.
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7.7.1.2.7

Pulse-to-Analog Converter

A pulse-to-analog converter is furnished for each control bank. The converter and the plant
process computer receive the control bank demand position pulses from the rod control system.
The pulse to analog converter converts the count signal to an equivalent dc analog signal
proportional to bank demand. This signal is fed to the bank insertion limit monitor and plant
process computer system. The pulse-to-analog converter has a digital display inside the rod
position indication cabinet with provisions for manually pulsing the counter up or down.
7.7.1.2.8

Interlocks and Rod Stops

The control group used for automatic control is interlocked with measurements of turbine
generator load and reactor power to prevent automatic control rod withdrawal below 12.8%
of nominal power. Automatic control rod withdrawal has been disabled for all power levels.
The manual and automatic controls are further interlocked with measurements of nuclear
flux, delta T, and rod drop indication to prevent approach to an overpower condition. The
logic diagram of these interlocks is shown in Drawing 33013-1353, Sheet 15.
The following permissives (rod stops) are provided in the rod control system and are listed in
Table 7.7-2.
A. Overpower rod stops (for withdrawal).
1.

Power range nuclear instrumentation system high flux, setpoint 103% power with a
one-of-four coincidence; operates in the manual and automatic modes.

2.

Intermediate-range nuclear instrumentation system high flux, setpoint is current
equivalent to 20% power with a one-of-two coincidence; operates in the manual and
automatic modes; the rod stop is blocked when the intermediate-range nuclear
instrumentation system trip is blocked.

3.

Overtemperature delta T, setpoint is 3% of rated T below the trip setpoint with a twoof-four coincidence; operates in the manual and automatic modes.

4.

Overpower delta T, setpoint is 3% of rated T below the trip setpoint with a two-offour coincidence; operates in the manual and automatic modes.

B. Low power rod stop.
Low power rod stop prevents outward rod motion in automatic when turbine impulse
pressure is less than 12.8% power. This prevents unstable low power operation.
Automatic control rod withdrawal has been disabled for all power levels. The low power
rod stop is no longer applicable.
C. Auto rod stop on dropped rod.
Dropped rod automatic rod stop has two setpoints or detected conditions: first, if a 5%
power decrease occurs in 5 sec on one-of-four power range nuclear instrumentation system,
and second, if any of the following conditions exists, outward rod motion will be prohibited.
The automatic control rod withdrawal function has been disabled. The auto rod stop on
dropped rod is no longer applicable.
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D.
•

any rod in the shutdown bank A or control bank A at 0 steps

•

any rod in control bank B at 0 steps with bank B, C, or D 32 steps

•

any rod in control bank C at 0 steps with bank C or D 32 steps

•

any rod in control bank D at 0 steps with bank D 32 steps

E. TAVG - average TAVG channel deviation rod stop.
A temperature difference of 4F between any one of the four TAVG channels and average
TAVG will actuate a control room alarm and stop automatic rod movement.
7.7.1.2.9

Rod Insertion Limit Circuit

The rod insertion limit circuit is designed to provide a continuously calculated insertion limit
for each of the control banks that is variable with power. It provides alarms to ensure that the
operator keeps the control rods located within the limits. The rod insertion limit circuit
performs its function by receiving control bank position data from the rod control system. It
compares this data to the calculated limit that is determined by reactor power as measured
from the coolant loop average differential temperature (delta T).
The rod insertion limits ensure that adequate shutdown margin exists to shut down the reactor
at any time and condition in the life of the core. In addition, it guarantees protection from
core damage due to a postulated rod ejection accident, as well as possible core damage due to
uneven core power distribution from misaligned control rods at high power (e.g., provides for
acceptable core peaking factors).
The control rod insertion limits, ZLL, are calculated as a linear function of power and reactor
coolant temperature. The equation is
ZLL = A (average delta T) + B (average TAVG) + C
where A, B are preset manually adjustable gains and C is a preset manually adjustable bias.
Average delta T and average TAVG are discussed in Section 7.7.5.
One insertion limit monitor is provided for each control bank. The Low alarm Bank D only
alerts the operator of an approach to a reduced shutdown reactivity situation requiring boron
addition by following normal procedures with the chemical and volume control system.
Actuation of the Low-Low alarm (Banks A, B, C, and D) requires the operator to take
immediate action to add boron to the system by any one of several alternative methods.
7.7.1.2.10

Rod Drop Protection

Two independent systems are provided to sense a dropped rod, (1) a rod bottom position
detection system and (2) a system that senses sudden reduction in out-of-core neutron flux.
Both protection systems initiate protective action in the form of blocking of automatic rod
withdrawal. The automatic rod withdrawal function has been disabled. The rod drop
protection function is not applicable. This action compensates for possible adverse core
power distributions and permits an orderly retrieval of the dropped rod cluster control
assembly.

Page 112 of 142

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 7 INSTRUMENTATION AND CONTROLS

The primary protection for the dropped rod cluster control assembly accident is the rod
bottom signal derived for each rod from its individual position indication system. With this
system, initiation of protection is not dependent on location, reactivity worth, or power
distribution changes.
Backup protection is provided by use of the out-of-core power range nuclear detectors and is
particularly effective for larger nuclear flux reductions occurring in the region of the core
adjacent to the detectors.
The rod drop detection circuit from nuclear flux consists basically of a comparison of each
ion chamber signal with the same signal taken through a first-order lag network. Since a
dropped rod cluster control assembly will rapidly depress the local neutron flux, the decrease
in flux will be detected by one or more of these four sensors. Such a sudden decrease in ion
chamber current will be seen as a difference signal. A negative signal output greater than a
preset value (approximately 5%) from any one of the four power range channels will actuate
the rod drop protection.
Figure 7.7-6 indicates schematically the dropped rod alarm and the nuclear protection system
in general. The potential consequences of any dropped rod cluster control assembly without
protective action are limited to localized fuel failure, and the integrity of the reactor coolant
system is maintained.
7.7.1.2.11

Asymmetric Rod Cluster Control Assembly Withdrawal

In a generic letter to licensees, Generic Letter 93-04, on June 21, 1993, the NRC staff
identified actions to be taken by licensees related to the Salem rod control system failure
event.
Rochester Gas and Electric Corporation responded (References 2 and 3) to the generic letter
with detailed information on additional surveillance, troubleshooting, and monitoring that
had been conducted; procedural changes and administrative controls that had been put into
place; training on the Salem event that had been instituted; and a Westinghouse Owners
Group initiative, which had demonstrated that for all Westinghouse plants there was no safety
significance for an asymmetric rod cluster control assembly withdrawal related to the generic
letter. Based on the results of the Westinghouse Owners Group initiative, RG&E concluded
that the licensing basis for Ginna Station is still satisfied with regard to General Design
Criterion 25 (or equivalent) for system response to a single failure in the rod control system.
The basis for this determination was enhanced by implementation of the following option as
recommended by the Westinghouse Owners Group: (1) modification of the current order
timing scheme to preclude asymmetric rod withdrawal in the presence of a rod control system
failure and (2) implementation of a new current order surveillance test performed on a
refueling outage basis that verifies that control rod drive mechanism current orders are not
corrupted. Ginna Station successfully performed the lead plant testing on the timing change
on April 14, 1994. Existing rod control system logic cabinet slave cycler decoder cards for
lift coils, stationary coils, and movable coils were replaced with modified cards. Diodes were
repositioned to implement a revised Westinghouse standard timing scheme. A fault similar to
those experienced at Salem would now result in either conservative or no rod motion. This
change does not affect normal rod movement and is transparent to operators.
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A generic assessment of asymmetric rod cluster control assembly withdrawal was performed
by Westinghouse and reported in WCAP 13803. A rod control system evaluation program
performed on behalf of all Westinghouse plants was developed (WCAP 13864) to determine
the type of motion that could occur when control rod drive mechanisms are subjected to
corrupted current orders under varying conditions.
Test results from the Ginna Station lead plant tests were reviewed by the NRC and the astested modified timing sequence found acceptable (Reference 4). The Westinghouse Owners
Group closure of this generic issue was provided to the NRC in Reference 5 and was
approved by the NRC in Reference 6. In Reference 7, the NRC stated that RG&E’s responses
to Generic Letter 93-04 were found to be acceptable and that the generic letter for Ginna
Station was closed.
7.7.1.2.12

Rod Control Cabinet Cooling

The control rod drive logic cabinet and power cabinets located in the basement of the
Intermediate Building (clean side) have been provided with packaged air conditioning units
(door mounted). These air conditioning units are designed to maintain the internal cabinet
temperatures within the normal intermediate building temperature limits. A high internal
cabinet temperature alarm has also been provided (see Drawing 33013-1872).
7.7.1.3
7.7.1.3.1

Pressurizer Pressure and Level Control
Pressure Control

The reactor coolant system pressure is maintained at constant value by using heaters in the
water region and spray in the steam region of the pressurizer. Electrical immersion heaters
are located near the bottom of the pressurizer. A portion of the heater groups are proportional
heaters and are used for small pressure variation control and to compensate for heat losses.
The remaining backup heaters are turned on either when the pressurizer pressure controller
signal is below a preset value or when pressurizer level is above a preset level setpoint.
Spray valves are located at the top of the pressurizer. Spray is initiated when the pressure
controller signal is above a preset setpoint. Spray rate increases proportionally with
increasing pressure until it reaches the maximum spray capacity. Steam condensed by spray
reduces the pressurizer pressure. A small continuous spray is normally maintained to reduce
thermal stresses and thermal shock when the spray valves open and to maintain uniform
water chemistry and temperature in the pressurizer.
Two Pressurizer Power-Operated Relief Valves (PORV) limit system pressure below 2350
psia for large load reduction transients.
One relief valve is operated on the pressurizer pressure controller signals; the other one is
operated on the actual pressure signal. An interlock is provided so that if a second pressure
channel indicates low at the time the relief valve operation is called for by the control
channel, the valve activation is blocked.
Two spring-loaded pressurizer safety valves limit system pressure below 2750 psia following a
complete loss of load without direct reactor trip or turbine bypass. Under locked-rotor
conditions, the pressurizer safety valves would maintain reactor coolant system pressure at a
level below 2836 psia, which is acceptable.
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The pressurizer has four pressure transmitters which provide signals used for indication,
control, and protection. Each of the four channels may be displayed on a recorder by
selecting the desired channel with the pressurizer pressure recorder selector switch.
Pressurizer pressure is displayed on the main control board by four meters, with a range of
1700-2500 psig.
A pressure transmitter has also been installed on the pressurizer that is fully qualified to IEEE
323 and IEEE 344. This transmitter, which is powered from a Class 1E source, has its output
continuously recorded to provide reactor coolant system wide-range pressure indication in the
event of loss of offsite power.
To provide the control signal to the various pieces of equipment the actual system pressure is
compared with the setpoint pressure. The output of the comparison is supplied to a
proportional integral derivative (PID) circuit. The proportional part of the PID output is
proportional to the actual pressure minus the reference pressure. Added to this is the integral
component which accounts for the length of time a difference exists between actual and
reference signals. Also added is a correction for rate-of-change of deviation signal to help
speed up system response. This rate function is set to zero at Ginna Station.
7.7.1.3.2

Level Control

The pressurizer level control system maintains the pressurizer level within a programmed
band consistent with TAVG. The programmed level is a sufficient margin above the low level
alarm where the heaters turn off. Letdown isolation is then initiated. The programmed level
is sufficiently low to ensure that there is enough steam volume. A programmed level is used
to limit charging pump speed change demands on a transient where TAVG is changing, in
contrast with a constant pressurizer level.
7.7.1.4

Turbine Bypass

A turbine bypass system is provided to accommodate a reactor trip with turbine trip, loss of
50% of rated load without reactor and turbine trip, or a turbine trip without reactor trip below
50% of rated load. The turbine bypass system removes steam to reduce the transient imposed
upon the reactor coolant system so that the control rods can reduce the reactor power to a new
equilibrium value without causing overtemperature-overpressure conditions in the reactor
coolant system.
A turbine bypass is actuated by the coincidence of compensated coolant average temperature
higher than the programmed value by a preset value and electrical load decrease greater than a
preset value. All the turbine bypass valves stroke to full open immediately upon receiving the
bypass signal. The bypass valves are modulated by the compensated coolant average
temperature signal after they are full open. The turbine bypass reduces proportionately as the
control rods act to reduce the coolant average temperature. The artificial load is therefore
removed as the coolant average temperature is restored to its programmed equilibrium value.
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The turbine bypass capacity is discussed in UFSAR Section 10.7.1. Analyses have shown
that the capacity is adequate for the design basis transients described at the beginning of this
section. The bypass flows to the main condenser.
7.7.1.5

Steam Generator Level Control

The steam generator water level is controlled by a digital microprocessor controlled steam
generator feedwater control system termed the advanced digital feedwater control system
(ADFCS). The ADFCS provides automatic control of the programmed level in the steam
generators without the need for operator intervention over the range of power operation. This
range of operation extends from the point at which the transition is made from feeding via the
preferred auxiliary feedwater system to feeding via the main feedwater system on the Main
Feedwater bypass valve (approximately 2-3% power) up to full power. One control system
operates on both the Main Feedwater Regulating Valve (MFRV) and Main Feedwater bypass
valves without the need for manual action to switch operating modes or switch between
valves.
The basic control system functional design is similar to the original analog feedwater control
system; however, a number of features have been added to improve the performance of the
system. Functional block diagrams of the system are shown in Figures 7.7-14, 7.7-15, and
7.7-16. A feedwater temperature-dependent gain has been added to the narrow-range level
regulator as shown in Figures 7.7-14 and 7.7-15. The response of steam generator water
level to changes in feedwater flow is a function of feedwater temperature. At low feedwater
temperatures and low power levels the level response exhibits more of the classical shrink/
swell effect. This non-minimum-phase response is a destabilizing influence on the feedback
control system. Therefore the control system lowers the gain at low feedwater temperature to
preserve stability and increases the gain at high feedwater temperature to improve the
response of the system. Derivative action has also been added to the level controller to
provide some anticipatory action based on the rate of change of level.
The flow regulator has a high-power mode and a low-power mode which is shown in Figure
7.7-15. This is necessary because the feedwater flow and steam flow signals are not usable at
low power levels. The switching between these two modes is done automatically within the
system and is performed in a bumpless manner without the need for operator action. At low
power levels a load index is used as a feed forward signal to anticipate the need for changes in
feedwater flow in advance of an actual change in level. The wide-range steam generator
water level measurement is used for this purpose. This signal changes with plant load and
also leads the response of the narrow-range measurement.
The high-power load regulator uses the standard steam-flow-feed flow mismatch input.
However, the loop steam flow signal is compensated with high-pass filtered loop average
steam flow to improve the response of the system to steam-flow-induced transients, such as
a large load change. Initially, during a large load change, there is a rapid decrease in steam
flow. If the compensation on steam flow were not present, this would cause the control
system to close the feedwater control valve, which is opposite to the desired response. As
was the case with the low power mode load index, the feed flow and steam flow signals will
automatically be switched in and out of the system. This mode switching is performed
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independently of which valve (Main Feedwater Regulating Valve (MFRV) or Main Feedwater
bypass valve) is being used for control.
An additional unique feature of the control system design is the valve lift calculator or the
"linearization circuit." The block diagram of this part of the system is shown in Figures 7.715 and 7.7-16. The output of the flow regulator is a demanded feedwater flow. The
relationship between changes in valve position and changes in feedwater flow is highly
nonlinear. It depends on the valve flow characteristic, pressure drop across the system, and
system hydraulic characteristics. The linearization circuit calculates the amount that the
control valve(s) must be moved to accomplish the change in flow demanded by the control
system. The valve lift calculator operates on both the Main Feedwater Regulating Valve
(MFRV) and Main Feedwater bypass valves and is independent of the control mode. The
Main Feedwater bypass and Main Feedwater Regulating Valves (MFRV) are stroked open
sequentially with some overlap. Either of the valves may be operated in manual while
leaving the other valve in auto as shown in Figure 7.7-16. The valves are closely coupled
through the algorithms in the valve demand portion of the system in order to minimize
disturbances on the process (flow and level).
As the plant is taken from low power to high power, the Main Feedwater bypass and Main
Feedwater Regulating Valves (MFRV) are opened sequentially. Before the Main Feedwater
bypass valve reaches its nominal full-open condition, the control system logic begins to open
the Main Feedwater Regulating Valve (MFRV) from its full-closed position. At full power,
the valves normally operate in a "split-range" fashion with both valves open as controlled by
the system’s valve sequencing logic. Therefore, there is no valve "switchover" at a particular
power level. The normal sequence can be altered by placing either or both of the valves in
manual control. Also, at full power operation, the system can be operated with only the Main
Feedwater Regulating Valve (MFRV) valve open by taking manual control of the Main
Feedwater bypass valve and closing it.
The feedwater control system includes signal validation for input signals to reduce the
probability of a failed sensor causing an upset condition in the plant. The input channel
signal validation configuration is shown in Figure 7.7-14. When three channels of a variable
are available, the median signal select method is used. In this method, the middle value of
the three input values is used as the input to the control algorithms. This will prevent high or
low failures of a single input from affecting the control system. When two input channels of
a variable are available, an arbitration method is used. In this method, the two inputs are
compared, and if they agree to within a certain criterion, they are averaged and the result is
sent to the control algorithms. If the two channels disagree significantly, they are compared
to an estimate of the variable, which is calculated using other process measurements. The
primary input that is closest to the estimate is used in the control system.
The signal validation feature of the feedwater control system allowed elimination of the low
feedwater flow reactor trip that was incorporated into the original design of the plant. WCAP
12347 provides justification for elimination of the trip (Reference 1).
A summary of the signals input to the advanced digital feedwater control system is as follows:
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Process Variable

Channels

Narrow-range steam generator water level

6, 3/loop

Wide-range steam generator water level

6, 3/loop

Steam flow

6, 3/loop

Feedwater flow

6, 3/loop

Feedwater temperature

2, 1/loop

Steam generator pressure

6, 3/loop

Turbine first stage pressure

2

Feedwater header pressure

2

Valve position

4, 1/valve

Controls for the two Atmospheric Relief Valves (ARV) have also been incorporated into the
advanced digital feedwater control system. Each Atmospheric Relief Valves (ARV) is now
controlled by a validated, median signal-selected steam generator pressure signal (Section
10.3.2.5).
7.7.1.6

Steam Generator Overfill Protection

In a generic letter to licensees, Generic Letter 89-19, on September 20, 1989, the NRC staff
identified actions to be taken by licensees related to automatic steam generator overfill
protection. Rochester Gas and Electric Corporation’s initial response to the generic letter
provided overfill protection information as it related to the then existing analog feedwater
control system. Upon installation of the new advanced digital feedwater control system
(ADFCS) in 1991 (see Section 7.7.1.5), the NRC requested that the original response to the
generic letter be updated with regard to the ADFCS. Rochester Gas and Electric
Corporation’s updated response (Reference 8) was accepted by the NRC (Reference 9) as
confirmation that a satisfactory design for steam generator overfill protection was provided,
closing out Generic Letter 89-19 for Ginna Station.
7.7.2
7.7.2.1

CONTROL SYSTEM EVALUATION
Plant Stability

The rod control system is designed to limit the amplitude and the frequency of continuous
oscillation of coolant average temperature about the control system setpoint within acceptable
values. Continuous oscillation can be induced by the introduction of a feedback control loop
with an effective loop gain that is either too large or too small with respect to the process
transient response, i.e., instability induced by the control system itself. Because stability is
more difficult to maintain at low power under automatic control, no provision is made to
provide automatic control below 12.8% of full power.
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The control system is designed to operate as a stable system over the full range of automatic
control throughout core life. The automatic control rod withdrawal feature of the rod control
system has been disabled. The disabled rod withdrawal function will not adversely impact
the plant stability.
7.7.2.2

Step Load Changes Without Turbine Bypass

A typical power control requirement is to restore equilibrium conditions, without a plant trip,
following a plus or minus 10% change in load demand, over the 12.8% to 100% power range
for automatic control. The design must necessarily be based on conservative conditions and a
greater transient capability is expected for actual operating conditions. A load demand
greater than full power is prohibited by the turbine control load limit devices.
The function of the control system is to minimize the reactor coolant average temperature
deviation during the transient within an acceptable value and to restore average temperature
to the programmed setpoint within an acceptable time. The automatic control rod withdrawal
function of the rod control system has been disabled. The operator may need to manually
return the reactor coolant average temperature to the programmed value for step increases in
load. Excessive pressurizer pressure variations are prevented by using spray and heaters in
the pressurizer.
The margin to overtemperature high delta T reactor trip is of primary concern for the step load
changes. This margin is influenced by nuclear flux, pressurizer pressure, and reactor coolant
average temperature and temperature rise across the core.
7.7.2.3

Loading and Unloading

Ramp loading and unloading is provided over the 12.8% to 100% power range under
automatic control. The automatic control rod withdrawal function of the rod control system
has been disabled. The operator will manually withdraw the rods during plant loading. The
function of the control system is to maintain the coolant average temperature and the
secondary steam pressure as functions of turbine-generator load within acceptable deviation
from the programmed values. The minimum control rod speed provides a sufficient
reactivity rate to compensate the reactivity changes resulting from the moderator
temperature coefficient and the power coefficient.
The coolant average temperature is increasing during loading and there is a continuous insurge to the pressurizer resulting from coolant expansion. The sprays limit the resulting
pressure increase. Conversely, as the coolant average temperature is decreasing during
unloading, there is a continuous out-surge from the pressurizer resulting from coolant
contraction. The heaters limit the resulting system pressure decrease. The pressurizer level
is programmed such that the water level has an acceptable margin above the low level heater
cutout setpoint during the loading and unloading transients.
The primary concern for the loading is to limit the overshoot in coolant average temperature
to provide sufficient margin to overtemperature high delta T trip.
The automatic load controls are designed to safely adjust the unit generation to match load
requirements within the limits of the unit capability and licensed rating.
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7.7.2.4

Loss of Load With Turbine Bypass

The reactor control system is designed to accept a turbine trip from 50% power or 50% loss of
load. No reactor trip or turbine trip will be actuated. The automatic bypass system is able to
accommodate this abnormal load rejection and to reduce the transient imposed upon the
reactor coolant system. The reactor power is reduced at a rate consistent with the capability of
the rod control system. Manual control is used when the power is below this value. The
bypass is removed as fast as the control rods are capable of inserting negative reactivity.
The pressurizer safety valves might be actuated for the most adverse conditions, e.g., the most
negative doppler coefficient and the minimum incremental rod worth. The relief capacity of
the Pressurizer Power Operated Relief Valves (PORV) is sized large enough to limit the
system pressure to prevent actuation of high-pressure reactor trip for the most adverse
conditions.
7.7.2.5

Turbine Trip With Reactor Trip

A turbine-generator unit trip above 50% power is accompanied by reactor trip. With a
secondary system design pressure of 1100 psia, the plant is operated with a programmed
average temperature as a function of load, with the full load average temperature significantly
greater than the saturation temperature corresponding to the Main Steam Safety Valve
(MSSV) setpoint. This, together with the fact that the thermal capacity in the reactor coolant
system is greater than that of the secondary system, requires a heat sink to remove heat stored
in the reactor coolant to prevent actuation of Main Steam Safety Valves (MSSV) for turbine
and reactor trip from full power.
This heat sink is provided by the combination of controlled release of steam to the condenser
and by makeup of cold feedwater to the steam generators. The turbine bypass system is
controlled from the reactor coolant average temperature signal whose reference setpoint is
reset upon trip to the no-load value. Turbine bypass actuation must be rapid to prevent Main
Steam Safety Valve (MSSV) actuation. With the bypass valves open the coolant average
temperature starts to reduce quickly to the no-load setpoint. A direct feedback of reactor
coolant average temperature acts to proportionately close the valves to minimize the total
amount of steam bypassed.
Following turbine trip, the steam voids in the steam generators will collapse and the fully
opened feedwater valves will provide sufficient feedwater flow to restore water level in the
downcomer. The feedwater flow is cut off when the reactor coolant average temperature
decreases below a preset temperature value or when the steam-generator water level reaches a
preset high setpoint.
Additional feedwater makeup is then controlled manually to restore and maintain steamgenerator level while maintaining the reactor coolant at the no-load temperature. Residual
heat removal (manually selected) is maintained by the steam-generator pressure controller
which controls the amount of steam dump to the condensers. This controller operates the
same bypass valves to the condensers which are controlled by coolant average temperature
during the initial transient following turbine and reactor trip.
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The pressurizer pressure and level fall very fast during the transient resulting from the coolant
contraction. If heaters become uncovered following a reactor trip by the automatic low level
shutoff, the chemical and volume control system will provide full charging flow to restore
water level in the pressurizer. Heaters are then turned on after the pressurizer level has been
restored to heat up pressurizer water and restore pressurizer pressure to normal.
The turbine bypass and feedwater control systems are designed to prevent the coolant average
temperature falling below the programmed no-load temperature following the trip to ensure
adequate reactivity shutdown margin.
7.7.2.6
7.7.2.6.1

Control Rod Misalignment
General

Ginna Station does not have fixed in-core instrumentation. Measurements of core power
distribution necessary to provide information to the operator for the control of axial power
distribution will be performed by the out-of-core power range nuclear instrumentation. In
addition, protection of the core from abnormal axial power distributions is achieved by this
same out-of-core nuclear instrumentation. The protection system functions that achieve this
protection have been described in Section 7.2. The analytical justification for the use of outof-core nuclear instrumentation in the control system and the protection system together with
supporting experimental data has been reported in WCAP 7208, October 1968.
Abnormal power distribution can also be caused by rods out of position with respect to other
bank positions for rods in the same group. The operation of control rods is supervised by the
operator who is provided with continuous indication of all control rods. The operator is
assisted in this supervision by a rod deviation monitoring program in the computer that will
alarm whenever a rod deviates from the bank position by more than a preset amount. In the
event the signal for the position of any control rod is lost or suspected of a malfunction, the
operator can monitor the core power distribution by signals from the out-of-core nuclear
instrumentation, primary coolant system temperature instrumentation, in-core thermocouples,
and the in-core flux monitoring system. The checks and periodic tests the operator performs
under this condition of plant operation, together with experimental data which demonstrates
the sensitivity of the various instrumentation systems to rod misalignment, are presented
below.
7.7.2.6.2

Consequences of Rod Misalignment

As discussed below, the immediate consequences of control rod misalignment are tolerable,
i.e., in no case would the core safety limits be exceeded. The operator would be made aware
of rod misalignment by the direct rod position indication system and associated deviation
alarms and would take corrective action as necessary. If the rod position indicator is out of
service, the effects of rod misalignment can be noted by checking for normal indications in
other variables as discussed in Section 7.7.2.6.5. An emergency procedure has been prepared
for the case of a rod position indicator being out of service.
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7.7.2.6.3

Analysis of Control Rod Misalignment

Rod cluster misalignment is defined as one cluster being lower than its bank or one cluster
being higher than its bank.
If one control rod cluster is below its bank, the hot-channel factors FQ and FH remain within
design limits. If one control rod cluster is above its bank the design hot-channel factor limits
may, in extreme cases, be exceeded. However, even complete rod misalignment (control rod
12 ft out of alignment with its bank) does not result in exceeding core safety limits in steadystate operation at rated power.
7.7.2.6.4

Redundant Checks for Control Rod Malfunction

Analysis has shown that malpositioning of a control rod will not result in exceeding the core
safety limits during MODES 1 and 2. In extreme cases, however, core design margins are not
maintained, i.e., design hot-channel factors are exceeded. Plant Technical Specifications are
therefore placed on control rod positioning. Allowable hot-channel factors are also
prescribed in the Technical Specifications.
Monitoring long-term trends in hot-channel factors with core burnup is the responsibility of
the reactor engineering staff. The shift operators are responsible at all times for monitoring
control rod position and taking corrective action as necessary in the event that a malfunction
of the rod control system occurs.
7.7.2.6.4.1

Operator Checks

In order for the operator to fulfill the responsibility for verifying proper rod positioning, several
independent and redundant instrumentation systems are provided. The usage of these systems
is outlined below, along with appropriate operator action in the event of alarms or abnormal
indications.
a. Rod position indication system. Each control rod position is continuously indicated on a
color cathode ray tube in the control room on the main control board. The cathode ray tube
is a component of the microprocessor rod position indication system, which provides input
to the cathode ray tube display by a digital detector assembly for each rod (see Section
7.7.1.2.6).
The plant computer also monitors each position signal and alarms if deviation from the
bank demand signal occurs.
b. Nuclear instrumentation system. The total signal (top plus bottom detector) for each of
the four sets of power range excore nuclear detectors is automatically compared to the
average of all channels and an alarm is generated if channel deviation occurs. This alarm
alerts the operator to short-term trends which would be indicative of a power tilt.
Additional symmetric checks and alarms are performed by the plant computer.
Technical Specifications provide the required actions for rod position indication or step
counter inoperability.
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c. Core outlet thermocouples. Two core outlet thermocouple temperatures can be readily
compared, one in the immediate vicinity of the non-indicated rod, and the other in a
symmetric location far away from the control rod. Excessive differences between the two
temperatures would be indicative of control rod malfunction. In the core there are at least
two pairs of symmetric thermocouples suitable for monitoring any suspect control rod.
In addition to this operator check, during normal operation the plant computer also
monitors all thermocouples and alarms abnormal conditions.
d. In-core movable detector system. Axial movable detector traces can easily be taken by
the shift operators and require no data analysis or evaluation. Just as for the thermocouple
check above, axial traces in two symmetric locations would be compared. One trace would
be near the suspect rod, and the other in a symmetric location further away. If the deviation
between the two traces is excessive, control rod malfunction is indicated.
At least two pairs of symmetric movable detector locations are available for each suspect
control rod in the core.
7.7.2.6.4.2

Additional Periodic Tests

In addition to routine operator surveillance and the checks described above, normal plant
instructions and procedures include the following tests to be performed on a periodic basis.
These also constitute independent checks of correct control rod operation.
a. Rod exercise test. As required by the Technical Specifications, any rod not fully inserted is
exercised periodically to verify correct operation. In the event a rod position indicator is
out of service, positive verification that the rod has moved can be accomplished by
monitoring the neighborhood of the non-indicated rod by in-core detectors.
b. In-core power distribution maps. Approximately once a month in MODES 1 and 2, the
Technical Specifications require that a complete core power distribution map be made by
use of the in-core movable detectors. Additional complete or partial maps may be made
whenever desired. Any misaligned rod that has a significant effect on hot-channel factors
or burnup would be noticeable from the results of these maps.
7.7.2.6.4.3

Details of Instrumentation System

Pertinent details of the power range nuclear instrumentation and in-core movable detectors
are discussed in the following sections.
7.7.2.6.4.4

Power Range Nuclear Instrumentation

The power range nuclear instrumentation system is described in Section 7.7.3.
There are four channels, each consisting of two long ion chambers (top and bottom detectors).
These channels are on the 45 degree and 135 degree axis with respect to the core. Detector
position and analog circuitry is shown in Figures 7.7-7, 7.7-8, and 7.7-9.
Two types of signals are provided from each channel: a calibrated power signal, and a
calibrated current signal from each of the two detectors.
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The calibrated current signal represents the normalized signal from each detector. At rated
full power, with nominal full power conditions and a flat power distribution, each calibrated
current signal is set equal to 100%. In this way, detector sensitivity and geometry effects are
cancelled. This calibration is done by instrument technicians on the basis of the plant startup
tests and results of subsequent in-core power distribution studies. The total power signal is
calibrated by the operators each day (or more frequently if necessary) such that all channels
indicate the total reactor power as determined by calorimetric measurements.
The delta-current indicators provide information to the operator on axial power distribution.
The calibrated current signals are also used in the Reactor Trip System (RTS) for reduction of
the delta T reactor trips if adverse axial power distribution exists.
The total power signal is used for the nuclear overpower reactor trip. A comparator and
deviation alarm alerts the operator to channel deviations. In MODES 1 and 2, errors caused
by power distribution variations would affect all channels by the same amount. Therefore,
this alarm indicates an abnormality, either a power tilt or a channel failure, and alerts the
operator to check for abnormalities in other instrumentation.
The design specification for the power range channels calls for 1% reproducibility. Somewhat
better reproducibility is expected for day-to-day operation. Including readout error and normal
symmetric variations, the calibrated signals from symmetric locations are expected to follow
one another to within 2%.
7.7.2.6.4.5

Thermocouples

Thirty-nine chromel-alumel thermocouples are threaded into guide tubes that penetrate the
reactor vessel head through seal assemblies (36 terminate at the exit flow end of the fuel
assemblies and three are located in the upper head). The thermocouples are enclosed in
stainless steel sheaths within the above tubes to allow replacement if necessary.
Thermocouple readings are indicated in the control room on scanning digital display units,
and selected core exit thermocouples may be removed from scan if they are inoperable or
malfunctioning. If removed from scan, the thermocouple readings are not displayed on the
local digital display units or on the plant process computer system (PPCS). The location of
the thermocouples is shown in Figure 7.7-8.
Thermocouple data is continually archived by the plant process computer system (PPCS).
Based on operational experience with similar thermocouple systems, the thermocouple
reproducibility is expected to be within 1/2F. Including allowance for flow mixing and
normal variations in temperature profiles, the normal variation between symmetric
thermocouples is expected to be within 3F.
7.7.2.6.4.6

In-Core Movable Detectors

The movable detector flux monitoring system is described in Section 7.7.4. These miniature
neutron flux detectors are remotely positioned in the core and provide remote readout for flux
mapping. Retractable thimbles are provided into which the miniature detectors are driven.
The 36 thimble locations are shown in Figure 7.7-8.
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Three movable detectors are provided, with separate drives and a common readout at the
flux map system console. This allows three locations to be monitored simultaneously. The
three detectors are cross-calibrated to give the same readout in the same thimble. This crosscalibration is done during each flux map.
The control room flux map system console contains the necessary equipment for control and
position indication. A "flux-map" consists, briefly, of selecting flux thimbles in given fuel
assemblies at various core locations. The detectors are driven or inserted to the top of the
core and stopped automatically. A plot of position versus flux level is initiated with the slow
withdrawal of the detectors through the core from the top to a point below the bottom. In a
similar manner other core locations are selected and plotted.
Each detector provides axial flux distribution data along the center of a fuel assembly.
Various radial positions of detectors are then compared to obtain a flux map for a region of
the core.
Experience has shown that flux traces in symmetric locations are virtually identical in
MODES 1 and 2 and deviate markedly when a control rod is withdrawn or inserted near one
location.
7.7.2.6.4.7

Summary

Routine operator surveillance of the rod position indicators and nuclear instrumentation
system, supplemented by operational alarms on rod position deviation and nuclear power range
channel deviation, provide redundant checks of control rod position. These checks are
sufficient to ensure, by two independent means, that a malpositioned control rod would be
quickly noticed and corrective action taken as required for control rod malfunction.
In the event that this routine monitoring cannot be performed because of instrument
malfunction, backup checks can be readily carried out by the shift operators using in-core
movable detectors and/or thermocouples. Prescribed limits, based on operating history, can
be specified for the allowable deviation between detectors at symmetric locations. Thus,
there is no requirement for data analysis and evaluation on the part of the operator.
The expected maximum variations between symmetrically located detectors is summarized in
Table 7.7-3 for MODES 1 and 2. Similar values for complete misalignment between a
control rod and its bank are listed for comparison.
7.7.2.6.5

Expected Instrument Response to Control Rod Misalignment Ginna Station

The placement of in-core and ex-core instrumentation relative to the control rod placement is
shown in Figure 7.7-8. For all control rod clusters, at least one core outlet thermocouple and
one movable detector channel are located in adjacent fuel assemblies.
Instrument response to misaligned control rods were determined during the plant initial
startup tests. As shown by operating plant data, asymmetric variations in thermocouple
temperatures of only a few degrees can be used as a reliable indication of abnormal radial
power tilts.
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7.7.2.6.6

Plant Startup Tests

Extensive core physics tests were conducted as part of the plant initial startup tests to
determine the effects of misaligned rods (see Section 14.6.1). These included rod insertion
tests, in which each rod or its symmetric equivalent was fully inserted with other rods
essentially fully withdrawn. Rod withdrawal tests were also made for selected rods in which
the rod was fully withdrawn while its bank was deeply inserted. This included all rods in
control banks C and D.
Test measurements included rod worths and hot-channel factors based on in-core and
thermocouple maps, and the response of out-of-core nuclear instrumentation. The hot-channel
factor measurements were to verify that core limits would not be exceeded in steady-state
operation as an immediate result of any malpositioned rod. The measured response of core
thermocouples and nuclear instrumentation was recorded and attached to the operating
instructions as a guide for checking rod alignment if a rod position indicator was out of service.
7.7.3
7.7.3.1

NUCLEAR INSTRUMENTATION SYSTEM
Design Basis

The following design criterion was used during the licensing of Ginna Station. It was
included in the Atomic Industrial Forum (AIF) version of proposed criteria issued by the
AEC for comment on July 10, 1967 (see Section 3.1.1). Conformance with 1972 General
Design Criteria of 10 CFR 50, Appendix A, is discussed in Section 3.1.2. The criteria
discussed in Section 3.1.2 as they apply to the nuclear instrumentation system includes GDC
13 and GDC 19. Conformance to IEEE 279-1971 Standard is discussed in Section 7.1.2.2.
CRITERION: Means shall be provided for monitoring or otherwise measuring and
maintaining control over the fission process throughout core life under all
conditions that can reasonably be anticipated to cause variations in reactivity of
the core (AIF-GDC 13).
The nuclear instrumentation system is provided to monitor the reactor power from source
range through the intermediate range and power range up to 120% full power. The system
provides indication, control, and alarm signals for reactor operation and protection.
The operational status of the reactor is monitored from the control room. When the reactor is
sub-critical and during approach to criticality (i.e., during MODE 6, "Refueling" through
MODE 3 "Hot Shutdown", and during MODE 2 "Startup"), the relative reactivity status
(neutron source multiplication) is continuously monitored by two source range proportional
counter detectors located in instrument wells within the primary shield and adjacent to the
reactor vessel. Two source range detector channels are provided to supply neutron source
multiplication information during the above mentioned plant modes. A reactor trip is actuated
from either channel if the neutron flux level becomes excessive.
The source range channels are checked prior to operations in which criticality may be
approached. A source of neutrons is necessary to provide at least the minimum count rate (> 5
cps) required for startup operations. The discrete (Sb-Be) secondary sources initially installed
were removed from the core during the EOC 20 refueling outage. The neutron emissions which
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occur naturally in burnt fuel are now utilized as the neutron source. These neutron
emissions are produced primarily by spontaneous fission of Cm-242 and Cm-244.
Any appreciable increase in the neutron source multiplication, including that caused by the
maximum physical boron dilution rate, is slow enough to give ample time to start corrective
action (boron dilution stop and/or emergency boron injection) to prevent the core from
becoming critical.
When the reactor is critical, means for showing the relative reactivity status of the reactor is
provided by control bank positions displayed in the control room. The position of the control
banks is directly related to the reactivity status of the reactor when at power and any
unexpected change in the position of the control banks under automatic control or change in
the coolant temperature under manual control provides a direct and immediate indication of
a change in the reactivity status of the reactor. Periodic samples of the coolant boron
concentration are taken. The variation in concentration during core life provides a further
check on the reactivity status of the reactor including core depletion.
High-nuclear-flux protection is provided both in the power and intermediate ranges by reactor
trips actuated from either range if the neutron flux level exceeds trip setpoints. When the
reactor is critical, the best indications of the reactivity status in the core (in relation to the
power level and average coolant temperature) is the control room display of the rod control
group position.
7.7.3.2

System Design

The nuclear instrumentation system provides the detectors and electronic circuitry necessary
to monitor flux levels from outside the reactor vessel. Indication is provided over the range of
10-1 to 1011 n/cm2-sec. The lowest range (source range) covers six decades of neutron flux.
The next range (intermediate range) covers eight decades of flux and overlaps both the source
range and power range. The highest level of indication (power range) covers approximately
three decades of neutron flux. The three instrumentation ranges are provided with overlap
between adjacent ranges so that continuous readings will be available during transition from
one range to another, as indicated in Figure 7.7-10.
Triaxial cable is used for all interconnections from the detector assemblies to the
instrumentation in the control room. The electronic equipment for each of the source,
intermediate, and power range channels is contained in a drawout panel mounted adjacent to
the main control board. The detector assemblies are located in instrument wells around the
reactor as shown in the (plan view) lower right hand corner of Figure 7.7-6.
The neutron detectors are positioned in detector assembly containers by means of a linear,
high-density moderator insulator. The detector and insulator units are packaged in a housing
that is inserted into the guide thimbles.
The detector assembly is electrically isolated from the guide thimble by means of insulated
standoff rings.
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7.7.3.2.1

Source Range Description

The source range is composed of two independent channels, N-31 and N-32. The neutron
detectors are proportional counters that are filled with boron trifluoride (BF3) gas.
Neutron flux, as measured in the primary shield area, produces current pulses in the detectors.
These preamplified pulses are applied to transistor amplifiers and discriminators located in
the control room. The preamplifiers are located outside the reactor containment.
The channels indicate the source range neutron flux and provide high flux level reactor trip
and alarm signals to the reactor control and protection system. The reactor trip signal is
manually blocked when a permissive signal from the intermediate range is available. They
are also used at shutdown to provide an audible alarm in the control room of any inadvertent
increase in reactivity. An audible count rate signal is used during initial phases of startup and
is audible in both the reactor containment and control room. The range of the source range
channels is 100 to 106 cps.
The pulse integrator derives an analog signal, proportional to the logarithm of the number of
pulses per unit time, as received from the output of the preamplifier. This unit amplifies the
neutron pulse, provides gamma and noise discrimination, shapes the output pulse, performs
log integration of the pulse rate to determine the count rate, and amplifies the log integrator
output for indication, recording, control, and automatic data logging.
Each source range contains two bistable trip units. Both units trip on high flux level but one
is used during shutdown to alarm reactivity changes and the other provides overpower
protection during shutdown and startup. The shutdown alarm unit is blocked manually
approximately two decades above shutdown. When the input to either unit is below its
setpoint, the bistable is in its normal position and assumes a FULLY ON status. When an
input from the log amplifier reaches or exceeds the setpoint, the unit reverses its condition
and goes FULLY OFF. The output of the reactor trip unit controls a relay in the Reactor Trip
System (RTS).
Power supplies furnish the positive and negative voltages for the transistor circuits and alarm
lights and the adjustable high voltage for the neutron detector.
A test calibration unit can insert selected test or calibration signals into the preamplifier
channel input or the log amplifier input. A set of precalibrated level signals is provided to
perform channel tests and calibrations. An alarm is registered on the main control board
annunciator whenever a channel is being tested or calibrated. A trip bypass switch is also
provided to prevent a reactor trip during channel test under certain reactor conditions.
The neutron detector high-voltage cutoff assembly receives a trip signal when a one-of-two
matrix controlled by intermediate range channel flux level bistables and manual block
condition are present and disconnects the voltage from the source range channel high voltage
power supply to prevent operation of the BF3 counter outside its design range. High voltage
and reactor trip circuits are reactivated automatically when two of the intermediate range
signals are below the permissive trip setting.
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Mounted on the front panel of the source range channel is a neutron flux level indicator (1 to
106 cps). Mounted on the control board is a neutron count rate level indicator (1 to 106 cps).
Isolated neutron flux signals are available for recording by the nuclear instrumentation
system recorder, by the data logger, and for startup rate computation. The startup rate for
each channel is indicated at the main control board in terms of decades per minute over the
range of -0.5 to 5.0 decades/min. The isolation network for these signals prevents any
electrical malfunction in the external circuitry from affecting the signal being supplied to the
flux level bistables. The signals for channel test, high neutron flux at shutdown, and source
range reactor trip are alarmed on the main control board annunciator. In addition, there are
annunciators for the following source range conditions: manual block of high-flux level at
shutdown, loss of high voltage, and individual nuclear instrumentation system trip bypass.
7.7.3.2.2

Intermediate Range Description

The intermediate range is composed of two independent channels. The lowest level of
intermediate range indication corresponds to 103 cps on the source range and the highest
level corresponds to full power operation. The intermediate range channels measure neutron
flux in the range of 10-11 to 10-3 amp. The intermediate range has control and protective
functions.
The intermediate range neutron detectors are compensated ionization chambers that sense
thermal neutrons in the range from 2.5 x 102 to 5 x 1010 neutrons/cm2-sec and have a nominal
sensitivity of 7.6 x 10-14 amp per neutron/cm2-sec. They produce a corresponding direct
current of 10-11 to 10-3 amp. These detectors are located in the same detector assemblies as
the proportional counters for the source range channels.
Direct current from the ion chambers is transmitted through triaxial cables to transistor
logarithmic current amplifiers in the nuclear instrumentation equipment.
The logarithmic amplifier derives a signal proportional to the logarithm of the current as
received from the output of the compensated ion chamber. The output of the logarithmic
amplifier provides an input to the level bistables for reactor protection purposes and source
range cutoff. The bistable trip units are similar to those in the source range. The trip outputs
can be manually blocked after receiving a permissive signal from the power range channels.
On decreasing power, the intermediate range trips for reactor protection are automatically
inserted when the power range permissive signal is not present.
Low voltage power supplies contained in each drawer furnish the necessary positive and
negative voltages for the channel electronic equipment. Two medium voltage power
supplies, one in each channel, furnish compensating voltage to the two compensated ion
chambers.
The high voltage for the compensated ion chambers is supplied by separate power supplies
also located in the intermediate range drawers.
On the front panel of the intermediate range channel cabinet and on the control board are
mounted a neutron (log N) flux level indicator (10-11 to 10-3 amp).
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Isolated neutron flux level signals are available for recording, automatic data logging, and
startup rate computation. The startup rate for each channel is indicated at the main control
board in terms of decades per minute over the range -0.5 to 5.0 decades/min.
Channel test and reactor trip signals are alarms on the main control board annunciator. The
latter signal is sent to the Reactor Trip System (RTS).
7.7.3.2.3

Power Range Description

The power range portion of the nuclear instrumentation system consists of four channels. The
power range instrumentation covers approximately three decades and overlaps the
intermediate range. The power range utilizes linear instead of log indicators. Each channel
and individual detector is continually compared with the others to alert the operator to a
possible flux imbalance.
Four detector assemblies are used in the power range. They are long ionization chambers
approximately equal to the core height, in which the inner electrodes are divided into two
equal sections to supply in effect a total of eight separate ionization chambers approximately
one-half the core height. The eight uncompensated (guard-ring) ionization chambers sense
thermal neutrons in the range from 5 x 102 to 1 x 1011 neutrons/cm2-sec.
Each has a nominal sensitivity of 3.1 x 10-13 amp per neutron/cm2-sec. The four long
ionization chamber assemblies are located in vertical instrument wells adjacent to the four
"corners" of the core. The assembly is manually positioned in the assembly holders and is
electrically isolated from the holder by means of insulated standoff rings.
There are three sets of power range measurements. Each set utilizes four individual currents
as follows:
A. Four currents directly from the lower sections of the long ionization chambers.
B. Four currents directly from the upper sections.
C. Four total currents of A. and B. above, equivalent to the average of each section.
For each of the four currents in A. and B., the current measurement is indicated directly by a
microammeter and isolated signals are available for data logging and control console
indication and recording. Analog signals proportional to individual currents are transmitted
through buffer amplifiers to the overtemperature and overpower delta T channels and
provide automatic reset of the trip point for these protection functions. The total current,
equivalent to the average, is then applied through a linear amplifier to the bistable trip
circuits. The amplifiers are equipped with gain and bias controls for adjustment to the actual
output corresponding to 100% rated reactor power.
Each of the four amplifiers also provides amplified isolated signals to the main control board
for indication and for use in the reactor control system. Each set of bistable trip outputs is
operated as a two-out-of-four coincidence to initiate a reactor trip. Bistable trip outputs are
provided at low and high power setpoints depending on the operating power. To provide
more protection during startup operation, the low power setpoint is used. The trip is manually
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blocked after a permissive condition is obtained by two-of-four power range channels. The
high power trip bistable is always active.
The four amplifier signals corresponding to C. above are supplied to circuits that compare a
referenced channel output with the corresponding signal from the other channels. Alarms are
provided to present deviations that might be indicative of quadrant flux asymmetries.
The overpower trip will be set so that, for operating limit reactor conditions concurrent with
the maximum instrumentation and bistable setpoint error, the maximum reactor overpower
condition will be limited to 115%. This limit is accomplished by the use of solid-state
instrumentation and long ionization chambers that permit an integration of flux external to
the core over the total length of the core, thereby reducing the influence of axial flux
distribution changes due to control rod motion.
The ion chamber current of each detector is measured by sensitive meters with an accuracy of
0.5%. A shunt assembly and switch in parallel with each meter allows selection of one of
four meter ranges. The available ranges are 0.1, 0.5, 1, and 5 mA. The shunt assemblies are
designed in such a manner that they will not disconnect the detector current to the summing
assembly upon meter failure or during switching. An isolation amplifier provides an analog
signal proportional to ion chamber current for data logging and delta flux indication. A test
calibration unit provides necessary switches and signals for checking and calibrating the
power range channels.
7.7.3.2.4

Dropped Rod Protection

As backup to the primary protection for the dropped control rod accident, the rod bottom
signal, an independent detection means is provided using the out-of-core power range nuclear
channels that is effective even if one of the channels is out of service. The dropped-rod
sensing unit contains a difference amplifier that compares the instantaneous nuclear power
signal with an adjustable power lag signal and responds with a trip signal to the bistable
amplifier when the difference exceeds a preset adjustable amount. The signal initiates
protective action in the form of blocking of rod withdrawala.
7.7.3.2.5

Audio Count Rate Channel

The audio count rate channel provides audible source range information during MODE 6
(Refueling) operations in both the control room and the reactor containment. In addition, this
channel signal is fed to a scaler-timer assembly that produces a visual display of the count rate
for an adjustable sampling period.
7.7.3.2.6

Recorders

One multi-channel paperless recorder is mounted on the main control board for recording the
complete range of the source, intermediate, and power channels. All 8 NIS channels are
connected to the recorder for continuous monitoring.
a. The automatic rod withdrawal function of the reactor control system has been disabled. The block automatic
rod withdrawal function from the microprocessor rod position indication (MRPI) on a rod drop is no
longer used.
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7.7.3.2.7

Power Supply

The nuclear instrumentation system is powered by four independent vital bus circuits (see
Section 8.3).
7.7.3.2.8

Equipment Locations

The plant locations of the detectors are shown in the (plan view) lower right-hand corner of
Figure 7.7-6. The view also indicates the position of the detectors relative to the core center
plane.
7.7.3.3

System Evaluation

The sensitivity of the reactor neutron detectors is illustrated in Figure 7.7-10.
The nuclear instrumentation draws its primary power from battery-backed vital instrument
buses whose reliability is discussed in Section 8.3.
Loss of nuclear instrumentation power would result in the initiation of all reactor trips that
were operational prior to the power loss. In addition, all trips that were blocked prior to loss
would be unblocked and initiated also. Single bus failures do not result in reactor trips since
only one channel is powered from each bus.
The requirements established for the Reactor Trip System (RTS) apply to the nuclear
instrumentation. All channel functions are independent of every other channel.
7.7.4
7.7.4.1

IN-CORE INSTRUMENTATION
Design Basis

The in-core instrumentation is designed to yield information on the neutron flux distribution
and fuel assembly outlet temperatures at selected core locations. Using the information
obtained from the in-core instrumentation system, it is possible to confirm the reactor core
design parameters and calculated hot-channel factors. The system provides means for
acquiring data and performs no operational plant control.
7.7.4.2
7.7.4.2.1

System Design
General

The in-core instrumentation system consists of thermocouples, positioned to measure fuel
assembly coolant outlet temperature at preselected locations, and flux thimbles that run the
length of selected fuel assemblies to measure the neutron flux distribution within the reactor
core.
The experimental data obtained from the in-core temperature and flux distribution
instrumentation system, in conjunction with previously determined analytical information, can
be used to determine the fission power distribution in the core at any time throughout core life.
This method is more accurate than using calculational techniques alone. Once the fission
power distribution has been established, the maximum power output is primarily determined
by thermal power distribution and the thermal and hydraulic limitations determine the
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maximum core capability.
The in-core instrumentation provides information that may be used to calculate the coolant
enthalpy distribution, the fuel burnup distribution, and an estimate of the coolant flow
distribution.
Both radial and azimuthal symmetry of power may be evaluated by combining the detector
and thermocouple information from the one quadrant with similar data obtained from the
other three quadrants.
7.7.4.2.2

Thermocouples

Chromel-alumel thermocouples are threaded into guide tubes that penetrate the reactor vessel
head through seal assemblies (36 terminate at the exit flow end of the fuel assemblies and
three are located in the upper head). A simplified sketch of a typical thermocouple is shown
in Figure 7.7-12 (Sheet 2). The thermocouples are enclosed in stainless-steel sheaths within
the above tubes to allow replacement if necessary. Thermocouples are split into two trains
outside of containment and run to separate digital scanning displays in the control room. The
displays provide isolated outputs to the plant process computer system (PPCS) as required for
MODES 1, 2, and 3. The displays, cable, containment penetrations, and connectors at the
reactor head are seismically and environmentally qualified. Operating range of the
thermocouple system, including displays, is 0-2300F. The support of the thermocouple grid
tubes in the upper core support assembly is described in Section 3.9.5.1.3.
7.7.4.2.3

Movable Miniature Neutron Flux Detectors

Three detector cable assemblies are used in the system, one for each drive. Each cable includes
a miniature fission chamber detector, mineral insulated coaxial cable, and hollow helix
wrapped drive cable. The coaxial cable is threaded through the hollow drive cable and
terminated at the drive unit with a subminax coaxial connector. The stainless steel detector
shell is welded to the end of the drive cable and coaxial cable. Three fission chamber detectors
(employing U308 which is approximately 90 to 93% enriched in Uranium-235) can be remotely
positioned in retractable guide thimbles to provide flux mapping of the core. The stainlesssteel detector shell is welded to the leading end of the helical-wrap drive cable and the
stainless steel sheathed coaxial cable. Each detector is designed to have a minimum thermal
neutron sensitivity of 1.0 x 10-17 amp/nv and a maximum gamma sensitivity of 3 x 10-14
amp/R-hr. Operating thermal neutron flux range for these probes is 1 x 1011 to 5 x 1013 nv. A
simplified sketch of a typical basic system for the insertion of these detectors is shown in
Figures 7.7-11 and 7.7-13. Retractable thimbles into which the miniature detectors are driven
are pushed into the reactor core through conduits that extend from the bottom of the reactor
vessel down through the concrete shield area and then up to a thimble seal zone.
The thimbles are closed at the leading ends, are dry inside, and serve as the pressure barrier
between the reactor water pressure and the atmosphere.
Mechanical seals between the retractable thimbles and the conduits are provided at the seal
table.
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During reactor operation, the retractable thimbles are stationary. They are extracted
downward from the core during MODE 6 (Refueling) to avoid interference within the core.
A space above the seal table is provided for the retraction operation.
The Detector Drive System consists of three drive units, three 6-path transfer devices, three 15path transfer devices, and the associated limit and Transfer Insertion Switches (TIS).
The drive units are mounted on separate raised platforms in Containment (Intermediate Level).
The 6-path transfer devices are mounted on a support beam in front of the drive units. The
Safety Limit switches and Withdraw Limit switches are mounted in the tubing run between the
drive unit output and the 6-path transfer device input. The 15-path transfer devices are
mounted on a movable assembly in front of and below the 6-path transfer devices.
For refueling, the three tubing connections between the 6-path devices and the 15-path devices
are disconnected, and the 36 tubing runs between the output of the 15-path transfer devices and
the manual isolation valves are removed.
The assembly holding the three transfer devices is rolled out of the way and stored in the
refueling position. This opens access to the seal table. The manual isolation valves are
removed and the thimble tables are pulled out of the seal table far enough to allow removal of
the fuel assemblies without interference from the thimble tubes (typical simplified sketch of the
arrangement shown in Figure 7.7-13). The drive system pushes hollow helical-wrap drive
cables into the core with the miniature detectors attached to the leading ends of the cables and
small diameter sheathed coaxial cables threaded through the hollow centers back to the trailing
ends of the drive cables. Each drive assembly generally consists of a gear motor that pushes a
helical-wrap drive cable and detector through a selective thimble path by means of a special
drive box and includes a storage device that accommodates that total drive cable length.
Further information on mechanical design and support is described in Section 3.9.5.1.3 .
7.7.4.2.4

Control and Readout System

The Flux Mapping Console (FMC) located in the Main control room provides the means for
inserting the miniature neutron detectors into the reactor core and withdrawing the detectors at
a selected speed while displaying induced flux level versus detector position and collecting
and storing data. The FMC is the heart of the Flux Mapping System (FMS) equipment. This
console is installed in three cabinet bays in the main control room that contain the electronic
circuits required to obtain a flux map. The first bay of the cabinet contains a DIN rail
assembly with a power distribution assembly, power supply and the input/output (I/O)
terminal blocks for drive A. The second bay of the cabinet contains the Human Machine
Interface (HMI) subsystem equipment, the Keithley Sourcemeters, and the Real Time
Controller (RTC) subsystem equipment. The third bay of the cabinet contains a DIN rail
assembly with I/O terminal blocks and a power supply for drives B and C. The 6-path and 15path transfer devices are used to route a detector into any one of up to 36 selectable paths. A
total of 36 manually operated isolation valves allows free passage of the detector and drive
wire when open and prevents steam leakage from the core in case of a thimble rupture
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when closed. A path common to each group of flux thimbles is provided to permit cross
calibration of the detectors.
A flux map consists, briefly, of selecting flux thimbles in given fuel assemblies at various
core quadrant locations. The detectors are driven or inserted to the top of the core and
stopped automatically. An x-y plot (position versus flux level) is initiated with the slow
withdrawal of the detectors through the core from the top to a point below the bottom. In a
similar manner other core locations are selected and plotted.
Each detector provides axial flux distribution data along the center portion of a fuel assembly.
This data is then processed to obtain a core flux map.
7.7.5

REACTOR COOLANT TEMPERATURE INDICATION

The reactor coolant system temperature provides indication of the system heat content,
power, and core reactivity balance. Temperature is measured by resistance temperature
detectors and is used to control the Atmospheric Relief Valves (ARV), control rods, and
pressurizer level. The TAVG and delta T signals generated by the temperature instruments are
used by the Reactor Trip System (RTS) to generate reactor trips. Alarms are generated to
alert the operator to possible problem conditions.
There are 11 resistance temperature detector locations utilized in each reactor coolant system
loop. Four (Tcold) are direct immersion 510F to 590F detectors; Four (Thot) are direct
immersion 540F to 650F detectors; The Tcold and Thot detectors provide input to the
narrow range (540F to 620F) Tavg temperature channels and 0-85F T temperature
channels. Two are direct immersion, wide-range (0F to0 700F), dual-element detectors; and
one is a wide-range (50F to 650F) detector installed in a thermowell.
The narrow-range temperature indication system for the reactor coolant system loops
provides high accuracy, fast responding indication of loop average temperature (TAVG) and
hot-leg minus cold-leg temperature difference (delta T) necessary for various reactor control
and protection functions.
The narrow-range temperature is measured by four resistance temperature detectors in each
loop hot leg and four resistance temperature detectors in each loop cold leg (16 total). The
need for faster responding temperature signals dictated the need for direct immersion or wetbulb type resistance temperature detectors. An immersion type resistance temperature detector
results in a higher probability for coolant system leaks and the system must be depressurized
and drained to allow replacement.
Plant average TAVG is computed from the average of the four TAVG channel values, displayed
on a recorder, and used to generate alarms. Plant average TAVG also sends a control signal to
the automatic rod control system, pressurizer level program, steam dump control system, rod
insertion limit computer, and the Main Feedwater Regulating Valves (MFRV).
Plant average delta T is computed from the average of the four delta T channel values, and
provides a deviation alarm and an input to the rod insertion limit computer.
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Wide-range reactor coolant system temperature is measured by one direct immersion, dualelement detector (0F to 700F) in each hot leg and cold leg and by one thermowell mounted
detector (50F to 650F) in each cold leg (six total). The wide-range reactor coolant loop
temperature measurement system provides hot leg and cold leg temperature signals, which
are input to redundant hot and cold leg temperature displays, the subcooling monitor, the
zirconium guide tube interlock reactor trip, the Low Temperature Overpressure Protection
(LTOP) System, and the reactor vessel level indication system.
The wide-range temperature indication range (0F to 700F) is adequate to monitor transients
and heatup and cooldown operations. The temperature is displayed on a 3-pen recorder
located on the main control board left section, on indicators in the main control board and the
intermediate building emergency local instrument panel, and on the plant process computer
system.
7.7.6
7.7.6.1

PLANT PROCESS COMPUTER SYSTEM AND SAFETY ASSESSMENT SYSTEM
General

The plant process computer system (PPCS)/safety parameter display system (SPDS) is an
integrated data acquisition and display system. The PPCS has hardcopy output devices. The
PPCS/SPDS satisfies the performance requirements of NUREG 0696, as modified by
NUREG 0737.
The PPCS/SPDS computer system is not designed to perform any control functions. The
system is capable of operation during all plant conditions except a seismic event. During a
seismic event, the main control board will provide critical parameter display in the event of
loss of nonseismic equipment. MUX cabinets 1-4 are powered from the technical support
center uninterruptible power supply. Breakers and fuses are provided to protect the
multiplexers (MUX) in the event of electrical faults.
In 2001, the plant process computer system (PPCS) and safety assessment system (SAS) were
replaced with an integrated advanced technology system (Reference 11). The SAS, now
referred to as the safety parameter display system (SPDS), is part of the plant process
computer system (PPCS). Redundancy is maintained, since there are two independent PPCS
systems, and the SPDS processing and display functions can be accessed from any of the
several PPCS monitors in the control room. There are two major differences between the
former SAS and the new SPDS. The diagnostic “AIDS” bars were removed. These bars
were not required by regulation, and could provide misleading information for some accident
scenarios. Also, the continuous monitoring function of the SPDS is accomplished by an
audible and visual alarm on the PPCS monitor. These alarms alert the operator that a
parameter on the top-level display of the SPDS has reached a predetermined value. The
operator is administratively directed to display the appropriate SPDS screen. In addition, the
top-level display automatically displays on the terminal located on the desk of the head
control operator when a reactor trip occurs. Manual action by the head control operator is
required to remove this display.
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There are six multiplexer (MUX) cabinets. When redundant field inputs for a parameter are
available, they are assigned to different MUX cabinets. This minimizes the effect of a MUX
failure on the parameter.
The three MUX cabinets in the relay room are seismically qualified and use input cards,
which provide electrical isolation sufficient to prevent any credible voltage excursion from
propagating to the Reactor Trip System (RTS) and Engineered Safety Features Actuation
System (ESFAS) circuits from other inputs via the multiplexer. The remaining three MUX
cabinets are located in the Turbine and Intermediate (cleanside) Buildings, and Station 13A.
These new remote MUX cabinets allow for additional plant parameters to be displayed on the
PPCS.
All PPCS/SPDS alarms and displays will be viewable on CRTs in the control room, technical
support center, emergency operations facility, and engineering support center.
The systems are capable of displaying and printing the set of Type A, B, C, D, and E variables
specified in Regulatory Guide 1.97 when sensor outputs are available for those parameters.
Data storage and recall capability are provided. At least 2 hours of pre-event and 12 hours of
post-event data will be recorded for selected parameters. Capacity to record at least 2 weeks
of additional post-event data for selected parameters with reduced time resolution are
provided. The capability to transfer data between active memory and archival data storage
without interrupting data acquisition and displays are provided.
7.7.6.2

Plant Process Computer System

The purpose of the plant process computer system (PPCS) is to provide information to the
plant operator to effectively assist in the operation of the nuclear steam supply system and to
inform the operator of specific abnormal conditions by comparison with preset or calculated
limits. Basic to the design of this computer system is the requirement that the conventional
plant instrumentation systems and control room instrumentation and control functions permit
operation of the plant with the computer out of service. The computer system reduces the
burden to the plant operator in maintaining surveillance over the nuclear steam supply system
to ensure that operating conditions are maintained within normal bounds.
The computer and instrumentation are used instead to alert plant operators that in-core
parameters are deviating from values shown to be safe by prior analysis.
For the analysis of in-core thermocouple data, the core is divided into regions. Thermocouple
readings (converted to enthalpy rise) are compared region-wise to check for possible peaking
or asymmetry. The variation of this type of data over time is available to the operator so that
trends can be identified at an early stage.
The plant process computer system (PPCS) supports in-core flux mapping by providing a
convenient data collection platform. The plant process computer system is used for data
acquisition during flux mapping activities. This data is available for trending.
Plant process computer system inputs are provided from the reactor coolant system, the
secondary system, the effluent monitoring system, and auxiliary service systems throughout the
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plant. These inputs are stored as discrete, addressable data points that are used to perform
specific computations (e.g., compute subcooling margin), generate alarms, indicate digital
and analog information, and to provide pre-trip and post-trip data.
7.7.6.3

Safety Parameter Display System

The safety parameter display system (SPDS) is designed to provide an integrated display of
critical plant safety parameters and perform reference diagnostics during emergencies. The
performance requirements of NUREG 0696, as modified by NUREG 0737, are satisfied by
the SPDS. It also fully meets the requirements of NUREG 0737, Supplement 1 (Reference
10). See also Section 7.5.2. The SPDS provides the operators in the control room and
personnel in the technical support center, the emergency operations facility, and the
engineering support center with an indication of the safety status of the plant and postaccident
monitoring. In the event of specific abnormal conditions (those for which computer
programs were formulated) the computer system is designed to assist the operator by an
orderly presentation of symptoms.
The control room reliability of the plant process computer system (PPCS)/safety parameter
display system (SPDS) meets the NUREG-0696 specified unavailability goal of 0.01 when
the reactor is above MODE 5 (Cold Shutdown) and 0.2 while the reactor is in cold-shutdown
status.
Human factors have been considered in all aspects of the SPDS design. Function keyboards
are provided that allow for rapid and error-free display requests. Color and pattern coding
techniques have been extensively used to portray status in graphic form for rapid and
unambiguous recognition. Color-coded bars, targets, and alphanumeric displays are
employed to represent off-normal parameter values. The displays were designed to be
readable at distances in accordance with the safety significance of particular data. The
information on the top level or mode displays is sized to be readable at a distance of up to 15
ft, while alphanumeric text data are readable at a 28-in. viewing distance. The SPDS displays
can be accessed from any PPCS terminal.
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Table 7.7-1
OUT-OF-PHASE CURRENTS (AMPS)
One MotorGenerator Set in
Service

Two Motor-Generator Sets in Service

Unlimited capacity

25,000

50,000

400-kVA capacity

12,000

24,000

Unlimited capacity

16,000

32,000

400-kVA capacity

8,000

16,000

480-V

208-V
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Table 7.7-2
ROD STOPS
Rod Stop

Actuation Signal

Rod Motion to be Blocked

Rod drop

1/4 rapid power range nuclear
flux decrease or any rod
bottom signal

Automatic withdrawala

Nuclear overpower

1/4 high power range nuclear
flux or 1/2 high intermediate
range nuclear flux

Automatic and manual
withdrawala

High delta T

2/4 overpower delta T or 2/4
overtemperature delta T

Automatic and manual
withdrawala

Low power

1/1 low MWe load signal

Automatic withdrawala

TAVG deviation

1/4 TAVG channel deviation
from average TAVG

Automatic withdrawal and
insertiona

(Actuation of rod stops [item
3] indicates a turbine load
reduction)

a.

The automatic rod withdrawal function of the reactor control system has been disabled for all
conditions. The automatic rod stops are no longer relevant. The manual rod stops remain
applicable.
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Table 7.7-3
EXPECTED MAXIMUM VARIATIONS BETWEEN SYMMETRICALLY LOCATED
DETECTORS
Parameter

Expected Normal
Symmetric
Variation

Expected Symmetric
Variation With Rod
Misalignment

Power range nuclear instrumentation

±2%

10% to 35%

Core outlet thermocouples

±3°F

15°F to 35°F

In-core movable detectors

±2%

10% to 50%
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Figure 7.2-1

Reactor Protection Systems
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Figure 7.2-2
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Figure 7.2-3
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Figure 7.2-4
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Figure 7.2-5
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Figure 7.2-6
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Figure 7.2-7
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Figure 7.2-8
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Figure 7.2-9
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Figure 7.2-11 Figure DELETED
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Figure 7.2-12 Design Philosophy to Achieve Isolation Between Channels
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Figure 7.2-13 Figure DELETED
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Figure 7.2-14 Channel Configuration (Channel 1 Typical) Tavg / ∆T Control and Protection
System
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Figure 7.2-15 Analog System Symbols
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Figure 7.2-16 Analog Channel Testing Arrangement
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Figure 7.2-17 Trip Logic Channels
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Figure 7.2-18 Analog Channels
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Figure 7.2-19 Logic Channel Test Panels
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Figure 7.2-20 Electrical Diagram - Undervoltage Coil and Shunt Trip Assembly
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Figure 7.3-1 Sheet 2 - Figure DELETED
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Figure 7.7-1

Reactor Control System
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Figure 7.7-2

Simplified Block Diagram of Reactor Control Systems
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Figure 7.7-3

Control Group - Rod Drive System

Revision 27 11/2017

GINNA/UFSAR
CHAPTER 7 INSTRUMENTATION AND CONTROLS

Figure 7.7-4

Power Supply to Rod Control Equipment and Control Rod Drive Mechanisms
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Figure 7.7-4a Illustration of MRPI Indication
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Figure 7.7-5
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Figure 7.7-6

Nuclear Protection System
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Figure 7.7-7

Power Range Nuclear Detector Locations
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Figure 7.7-8

Location of Control Rods and Instrumentation
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Figure 7.7-9

Power Range Nuclear Instrumentation System
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Figure 7.7-10 Neutron Detectors and Range of Operation
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Figure 7.7-11 In-Core Instrumentation - Assembly
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Figure 7.7-12 Sheet 1 - In-Core Instrumentation, Details
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Figure 7.7-12 Sheet 2 - In-Core Instrumentation, Details
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Figure 7.7-13 Typical Arrangement of Moveable Miniature Neutron Flux Detector System
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Figure 7.7-14 Advanced Digital Feedwater Control System Input Signal Validation
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Figure 7.7-15 Advanced Digital Feedwater Control System Flow Controller and Cv Demand
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Figure 7.7-16 Advanced Digital Feedwater Control System Valve Sequence and Tracking
Logic
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Figure 7.3-3
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Figure 7.3-4

Actuation Circuits of Engineered Safety Features
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Figure 7.3-5
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Figure 7.3-6

Analog and Logic Channel Testing
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8.1
8.1.1

INTRODUCTION
GENERAL

The electrical power system for the R. E. Ginna Nuclear Power Plant is shown in Figure 8.1
1. The system has three basic power sources:
I.

Offsite power (from the transmission system through the station auxiliary transformers 12A
and 12B).

II. Onsite power (from the main generator through the station unit auxiliary transformer 11).
III. Emergency onsite power (from the diesel generators).
The electrical power system was initially designed with a single station auxiliary transformer
(12A) but a spare transformer (12B) was added after the beginning of commercial operation.
The station auxiliary transformers are used to supply the normal auxiliary power during plant
startup and shutdown. During normal power operation, the station auxiliary transformers
remain energized, essentially unloaded (except for supplying 1E loads), and plant auxiliary
power is supplied from the main generator via the station unit transformer. With the plant not
operating, and offsite power not available, the principal source of power for vital electrical
loads is from the emergency diesel generators. For long-term outages of offsite power a
backup source of power for the diesel generators is from the normally outgoing power feeder.
Power can be brought in over this feeder to the station unit transformer by removing the
flexible generator bus disconnects (links) to disconnect the main generator.
The overall reliability of the plant electrical system design has been well established by the
following features:
•

Providing alternate and emergency power sources.

•

Providing two independent offsite power sources.

•

Bringing in power from offsite via normal outgoing power feeder by disconnecting the
generator from its isolated phase bus.

•

Isolation and separation of components, buses, feeders, etc.

•

Designing the emergency power system to permit outage of one diesel-generator unit and
still maintain ability to carry emergency load on the system.

•

Redundancy in system where required for plant safety.

•

Protective features to isolate faults without damage to other components and systems.

•

Onsite and reserve fuel supplies for diesel generators to permit uninterrupted operation for
the duration of any emergency.

•

Use of reliable equipment.

8.1.2

OFFSITE POWER DESCRIPTION

The Rochester Gas and Electric Corporation transmission system provides two basic and
interrelated functions for Ginna Station. It supplies all auxiliary power for startup and normal
shutdown and Class 1E auxiliary loads during MODES 1 and 2 via the station auxiliary
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transformers, and it delivers the output of the station to the grid. During normal startup and
operation, the station auxiliary transformers are supplied from two separate offsite feeders.
Each of these feeders is capable of supplying the entire auxiliary power load. During normal
shutdown, all auxiliary loads are transferred to the station auxiliary transformers prior to
securing the main generator.
The offsite power system is described in detail in Section 8.2.
8.1.3

ONSITE POWER DESCRIPTION

The function of the electrical power system is to provide reliable power to those auxiliaries
required during any normal or emergency mode of plant operation. The design of the system
is such that sufficient independence or isolation between the various sources of electrical
power is provided in order to guard against concurrent loss of all auxiliary power.
The main generator feeds electrical power at 19 kV through an isolated phase bus to the
generator step-up transformer, which steps this voltage up to 115 kV for distribution offsite.
The bulk of the power required for station auxiliaries when the main generator is online is
normally supplied by a station unit transformer connected to the isolated phase bus. The
Class 1E auxiliary loads are supplied by the station auxiliary transformers connected to
offsite power sources.
The station unit transformer 11 is capable of supplying the entire auxiliary load under
normal operating conditions. If power from the main generator is interrupted, auxiliary loads
necessary for plant shutdown are transferred automatically to one or both of the station
auxiliary transformers 12A and 12B depending on the lineup at the time. Referring to
Figure 8.1-1, breakers 12AX, 12AY, 12BX and 12BY can be lined up so that the load is split
between transformers 12A and 12B or the entire load is aligned to transformer 12A or 12B
(see Section 8.2.1.2).
When the reactor trips concurrent with an outage of offsite power, the emergency diesel
generators will automatically assume vital station auxiliary loads necessary for safe shutdown
as described in Section 8.3.1.2.6. These loads will be transferred to the diesel generators
when the last source of voltage decreases to a preset value and the diesel generators come up
to speed and voltage.
The onsite power system is described in detail in Section 8.3.
8.1.4
8.1.4.1

PRINCIPAL DESIGN CRITERIA
Performance Standards

The following electrical design criteria were used during the licensing of Ginna Station. They
represent the Atomic Industrial Forum version of proposed criteria issued by the AEC for
comment on July 10, 1967. Conformance with the General Design Criteria (GDC) of 10 CFR
50, Appendix A, is discussed in Section 8.1.4.3.
CRITERION: Those systems and components of reactor facilities which are essential to the
prevention or to the mitigation of the consequences of nuclear accidents which
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could cause undue risk to the health and safety of the public shall be designed,
fabricated, and erected to performance standards that will enable such systems
and components to withstand, without undue risk to the health and safety of the
public, the forces that might reasonably be imposed by the occurrence of an
extraordinary natural phenomenon such as earthquake, tornado, flooding
condition, high wind, or heavy ice. The design bases so established shall
reflect: (a) appropriate consideration of the most severe of these natural
phenomena that have been officially recorded for the site and the surrounding
area and (b) an appropriate margin for withstanding forces greater than those
recorded to reflect uncertainties about the historical data and their suitability as a
basis for design. (AIF-GDC 1)
All electrical systems and components vital to plant safety, including the emergency diesel
generators, are designed as Seismic Category I and designed so that their integrity is not
impaired by the maximum potential earthquake, wind storms, floods, or disturbances on the
external electrical system. Power, control and instrument cabling, motors, and other electrical
equipment required for operation of the engineered safety features are suitably protected
against the effects of either a nuclear system accident or of severe external environmental
phenomena. Such protection ensures a high degree of confidence in the operability of such
components in the event that their use is required.
Specific operability requirements for electrical systems and components are provided in the
Technical Specifications.
8.1.4.2

Emergency Power

CRITERION: An emergency power source shall be provided and designed with adequate
independence, redundancy, capacity, and testability to permit the functioning of
the engineered safety features and protection systems required to avoid undue
risk to the health and safety of the public. This power source shall provide this
capacity assuming a failure of a single active component. (AIF-GDC 39)
Independent alternate power systems are provided with adequate capacity and testability to
supply the required engineered safety features and protection systems.
The plant is supplied with normal, standby, and emergency power sources as follows:
A. The normal source of auxiliary power during plant operation is the main generator. Power
is supplied via the station unit transformer (11) which is connected to the main leads of the
generator, except for safeguards loads required during MODES 1 and 2, which are supplied
from transformers 12A and 12B and the offsite sources.
B. Standby power required during plant startup, shutdown, and after reactor trip is supplied
from the Rochester Gas and Electric Corporation (RG&E) 115-kV system by two
independent 34.5-kV lines to the station auxiliary transformers 12A and 12B.
C. Two diesel-generator sets are connected to the engineered safety features buses to supply
emergency shutdown power in the event of loss of all other ac auxiliary power.
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D. Emergency power supply for vital instruments, for control, and for emergency lighting is
supplied from the two 125-V dc station batteries.
The diesel-generator sets are located adjacent to the turbine building and are connected to
separate 480-V auxiliary system buses. Each set will be started automatically on a safety
injection signal or upon undervoltage on its corresponding 480-V auxiliary buses. Each diesel
is adequate to supply the engineered safety features for the design-basis accident concurrent
with loss of offsite power. This capacity is adequate to provide a safe and orderly plant
shutdown in the event of loss of offsite electrical power.
The starting of the diesel-generator sets can be tested from the control room. The ability of
the units to start within the prescribed time and to carry intended loads is periodically tested
in accordance with the Technical Specifications to demonstrate that they will provide power
for operation of equipment. Diesel-generator testing ensures that the emergency generator
system controls and the control systems for safeguards equipment will function automatically
in the event of a loss of all normal 480-V ac station service power or in the event of a safety
injection signal. Diesel-generator trips are also tested periodically.
The testing frequency specified is often enough to identify and correct any mechanical or
electrical deficiency before it can result in a system failure. The control components are in
enclosures. The fuel supply and starting circuits and controls are continuously monitored
and any faults are alarm indicated. An abnormal condition in these systems would be
signaled without having to place the diesel generators on test.
8.1.4.3

Adequacy of Electrical Design Relative to 1972 Criteria

The adequacy of the Ginna Station electrical design relative to the following General Design
Criteria (GDC) is discussed in Section 3.1.2:
•

GDC 2, Design Bases for Protection Against Natural Phenomena.

•

GDC 4, Environmental and Missile Design Bases.

•

GDC 5, Sharing of Structures, Systems, and Components.

•

GDC 17, Electrical Power Systems.

•

GDC 18, Inspection and Testing of Electrical Power Systems.

•

GDC 50, Containment Design Basis.

The conformance with the following Safety and Regulatory Guides and IEEE Standards is
discussed in Section 1.8.
•

Safety Guide 6, Independence Between Redundant Standby (Onsite) Power Sources and
Between Their Distribution Systems.

•

Safety Guide 9, Selection of Diesel-Generator Set Capacity for Standby Power Supplies.

•

Regulatory Guide 1.32; Use of IEEE Standard 308-1971, Criteria for Class 1E Electric
Systems for Nuclear Power Generating Stations.

•

Regulatory Guide 1.47, Bypassed and Inoperable Status Indication for Nuclear Power Plant
Safety Systems.
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•

IEEE 308-1971, Class 1E Electrical Systems for Nuclear Power Generating Stations.

•

IEEE 317-1971, Electrical Penetration Assemblies in Containment Structures for Nuclear
Fueled Power Generating Stations.

•

IEEE 323-1971, Qualifying Class I Electric Equipment for Nuclear Power Generating
Stations.

•

IEEE 336-1971, Installation, Inspection, and Testing Requirements for Instrumentation and
Electric Equipment During the Construction of Nuclear Power Generating Stations.

•

IEEE 344-1971, Seismic Qualification of Class I Electric Equipment for Nuclear Power
Generating Stations.

Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
8.1.4.4

Potential Risk of Station Blackout

The likelihood of a station blackout event at Ginna Station is very low, in part because of the
high reliability of the emergency diesel generators. The calculated diesel-generator reliability
is 0.990 and is supported by an Electric Power Research Institute study (EPRI Data Base on
Diesel Generator Reliability), which shows that for the 1983-1985 time period the reliability
was 0.991.
Although severe weather increases the probability of a loss of offsite power, it has only a
slight effect on the risk of a station blackout. The emergency power systems at Ginna Station
were thoroughly reviewed for operability in the instances of severe and extreme natural
phenomena such as floods, tornadoes, and snowstorms as part of the Systematic Evaluation
Program (SEP). The Ginna Station design basis, therefore, already includes the system
design features and procedures to ensure that no unacceptable loss of emergency onsite
power will occur during severe weather events.
Additional safety features independent of the emergency ac power distribution system are
available at Ginna Station. In addition to the 200%-capacity turbine-driven auxiliary
feedwater system (TDAFW), Ginna Station has (a) a diesel-driven air compressor, which can
charge the instrument air and service air systems, (b) a diesel-driven fire pump taking suction
from Lake Ontario, which can provide an inexhaustible source of secondary cooling water to
the steam generators, and (c) a technical support center battery system, with 2880 amp-hr
capacity, which can be cross-connected to either station battery to supply vital loads on one
train for much longer than 4 hours.
An evaluation has been performed against the requirements of the station blackout rule (10
CFR 50.63) using guidance from NUMARC 87-00 (Reference 1) and Regulatory Guide 1.155
(Reference 2) except for the analyses for the effects of loss of ventilation where a plantspecific analysis was used. Using NUMARC 87-00, Section 3, 4 hours was determined to be
the Ginna Station blackout coping duration. Ginna Station is able to cope with a station
blackout of 4 hours. (References 3, 4, and 5).
The station blackout rule requires that the following issues be addressed: station blackout
duration, condensate inventory for decay heat removal, Class 1E battery capacity, compressed
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air, effects of loss of ventilation, containment isolation, reactor coolant inventory, procedures
and training, quality assurance and Technical Specifications, and the emergency diesel
generator reliability program. The NRC safety evaluation (Reference 6) and supplemental
safety evaluation (Reference 7) concluded that the following station blackout issues were
acceptably resolved: condensate inventory for decay heat removal, Class 1E battery
capacity, containment isolation, and reactor coolant inventory.
8.1.4.5

Station Blackout Program

A station blackout program has been developed for Ginna Station. The Station Blackout
Program manual (Reference 8) is a comprehensive document that presents the history,
regulatory commitments, calculations, bases, procedure changes, and modifications that were
implemented to reduce the risk of consequences during a station blackout. Contained in the
manual is the documentation required to substantiate Ginna’s submittals to the NRC pursuant
to 10 CFR 50.63 (References 3, 4, and 9). Regulatory commitments for station blackout are
also listed in the program manual with an implementation summary.
8.1.4.5.1

Assumptions

The NUMARC 87-00 general criteria and baseline assumptions for the Station Blackout
Program are the following: general criteria, initial plant conditions, initiating event, station
black-out transient, reactor coolant inventory loss, operator action, effects of the loss of
ventilation, system cross-tie capability, instrumentation and controls, containment isolation
valves, and hurricane preparations.
As established in the baseline assumptions contained in Section 2 of NUMARC 87-00, the
station blackout event is assumed to occur while the reactor is normally operating at 100%
power after having been in that mode for 100 days. The initiating event is the loss of offsite
power resulting from either a switchyard related event due to random faults, an external event
such as grid disturbance, or a weather event that affects the offsite power either throughout
the grid or at the plant. Following the loss of offsite power event, if neither of the emergency
diesel generators start on demand to provide onsite AC power, the plant operators will
implement the emergency contingency action procedure which addresses the loss of all AC
power.
Loss of offsite power events caused by fire, flood or seismic activity are not expected to occur
with sufficient frequency to require explicit criteria and therefore are not required to be
addressed. No design basis accidents or other events are assumed to occur immediately prior
to or during the station blackout.
Station blackout transient assumptions as presented in NUMARC 87-00 stipulate that
following the loss of all offsite power the reactor is assumed to automatically trip with
sufficient shutdown margin to maintain subcriticality at MODE 3 (Hot Shutdown) or MODE
4 (Hot Standby). Based on the Ginna configuration, an automatic reactor trip will not
necessarily result from the loss of offsite power. However, Ginna Station emergency
procedures specify operator action to manually trip the reactor in the event of a loss of all AC
power.
In NUMARC 87-00, it is also assumed that throughout the station blackout transient the main
steam system valves (such as main steam isolation valves, turbine stops, atmospheric dumps,
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etc.) necessary to maintain decay heat removal functions operate properly. In addition, it is
assumed that safety/relief valves or Pressurizer Power Operated Relief Valves (PORV)
operate properly which includes the assumption that the valves reseat normally. The event is
presumed to end when AC power is restored to the safety-related 480-v buses from any
source.
The potential for mechanistic failures resulting from the loss of HVAC in a station blackout
event has been addressed. No independent failures, other than those causing the station
blackout event, are assumed to occur in the course of the transient. Within 4 hours of the start
of the event, AC power is assumed to become available to necessary safe shutdown
equipment from either the onsite supply or the emergency diesel generators.
Sources of reactor coolant system leakage during a station blackout at Ginna are presumed to
include normal system leakage (11 gpm) and reactor coolant pump seal leakage (25 gpm) for
a total leakage of 61 gpm. Under these conditions, the reactor core will remain covered with
the reactor coolant inventory for the 4-hour duration of a station blackout.
8.1.4.5.2

Ventilation

An evaluation of expected room temperature during a station blackout was performed. The
main dominant areas of concern for loss of ventilation failures were determined to be the
areas near the Atmospheric Relief Valves (ARV) and the turbine driven auxiliary feedwater
pump (TDAFW) in the intermediate building. The control room, battery rooms, and relay
room were also identified as containing station blackout coping equipment. The following
conservative maximum temperatures for a 4-hour coping period were determined:
Atmospheric Relief Valve (ARV) area, 117F - 122F turbine driven auxiliary feedwater
pump (TDAFW) area, 110F - 115F provided doors S37F, ramped entrance to intermediate
building clean side basement; S44F, intermediate building to turbine building interior door to
steam header area; SD/55, intermediate building top floor overhead door S55 are opened
within 30 minutes of the station blackout onset (Reference 10); control room area, 116F,
provided the doors to the turbine building are opened within 30 minutes; battery rooms,
108.2F; and relay room, 103F (Reference 8). These temperatures demonstrated that
reasonable assurance of equipment operability was provided in accordance with NUMARC
87-00.
8.1.4.5.3

Plant Classification

Under the NUMARC 87-00 guidelines, Ginna Station is classified as a P2 plant, with P1
plants being least susceptible and P3 plants being most susceptible to extended offsite power
losses.
8.1.4.5.4

Diesel Generator Reliability

An emergency diesel generator reliability target of 0.975 is required to achieve a 4-hour
coping duration when a NUMARC 87-00 EAC Group C site classification is used in
conjunction with the P2 plant classification. “Exceedance” trigger values are utilized to
support emergency diesel generator reliability and unavailability performance. Should the
specified trigger values be exceeded, appropriate remedial actions are taken. The target
emergency diesel generator trigger values are specified in the Emergency Diesel Generator
Reliability and Unavailability Performance Criteria Program.
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8.1.4.5.5

Diesel Generator Cold Starts

NUMARC station blackout Initiative 3 was structured to provide utility attention toward
reducing, as much as possible, cold starting of emergency diesel generators during test
conditions. A cold start is defined as an attempt to start an emergency diesel generator
from ambient conditions without the presence of pre-warmed circulating water or prewarmed prelubrication. The diesel generators are maintained continuously pre-warmed and
therefore are not expected to have cold starts. Each emergency diesel generator is provided
with jacket water and lube oil heating devices to maintain the engine coolant and lube oil
temperature at an operable level for fast and reliable starting. A motor-driven lube oil
circulating pump runs continuously until the engine is started resulting in bearings which
are always lubricated and ready for operation.
8.1.4.6
8.1.4.6.1

Fukushima – Diverse and Flexible Coping Strategies (FLEX)
Regulatory Requirements

The NRC issued Order EA-12-049 on March 12, 2012 to implement mitigation strategies for
Beyond Design Basis External Events (BDBEEs), as a result of the effects of an earthquakeinduced tsunami at the Fukushima Dai-ichi Nuclear Power Station in Japan. The Nuclear
Energy Institute (NEI) developed NEI 12-06, which provides guidelines for nuclear stations
to assess extreme external event hazards and implement the mitigation strategies specified in
NRC Order EA-12-049. The NRC issued Interim Staff Guidance JLD-ISG-2012-01, dated
August 29, 2012, which endorsed NEI 12-06 with clarifications on determining baseline
coping capability and equipment quality.
NEI 12-02 provides guidance for compliance with Order EA-12-051. The NRC determined
that, with the exceptions and clarifications provided in JLD-ISG-2012-03, conformance with
the guidance in NEI 12-02 is an acceptable method for satisfying the requirements in Order
EA-12-051.
The order specifies a three-phase approach for strategies to mitigate BDBEEs:
 Phase 1 - Initially cope relying on installed equipment and on-site resources.
 Phase 2 - Transition from installed plant equipment to on-site portable BDB equipment
 Phase 3 - Obtain additional capability and redundancy from off-site equipment and
resources until power, water, and coolant injection systems are restored or commissioned.
8.1.4.6.2

Site Responses to NRC Orders

Ginna Station has developed a FLEX Program Document for FLEX strategies (CC-GI-118)
that complies with NRC Order EA-12-049. This is achieved by the development,
implementation, and maintenance of guidance and strategies to maintain or restore core
cooling, containment, and SFP cooling capabilities following a BDBEE. These strategies are
capable of mitigating a simultaneous loss of all AC power and loss of normal access to the
ultimate heat sink and have adequate capacity to address challenges to core cooling,
containment and SFP cooling capabilities. Reasonable protection is provided for the
equipment relied upon for the implementation of these strategies from external events. The
strategies are capable of being implemented in all plant operating modes. The strategies are
supported by the development, implementation, and maintenance of procedures, guidance,
and training. The strategies are supported by the acquisition, staging or installation of
equipment needed.
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Summary of the FLEX Strategies

This section provides summary discussions of the primary strategies implemented at Ginna to
satisfy the capabilities required by NRC Order EA-12-049. More detailed information on the
implementation strategies and basis is described in CC-GI-118.
8.1.4.6.3.1

Reactor Core Cooling and Heat Removal

A. Phase 1
Verify Turbine Driven Auxiliary Feedwater (TDAFW) pump is providing feedwater to
the steam generators (SGs), if available.
In the event the TDAFW pump is not available, actions will be taken to provide
feedwater to the SGs by powering Standby Auxiliary Feedwater (SAFW) from the
SAFW DG aligned with suction from the DI Water Storage Tank.
Instrumentation will be maintained available by performing DC bus load shedding. Load
shedding is expected to extend 125V DC battery life to eight (8) hours.
Perform a cooldown and depressurization with manual/local operation of the SG
Atmospheric Relief Valves (ARVs). SG feed will be controlled with remote or local
operation of Auxiliary Feedwater system valves.
B. Phase 2
A medium pressure portable FLEX pump will be used to take suction on Lake Ontario
and discharge hose routed to a connection at the SAFW DI Water Storage Tank.
Lake Ontario will serve as the long term source of water to the SGs via SAFW or via
the medium pressure portable FLEX pump.
The SAFW DG and the medium pressure portable FLEX pump fuel oil levels will be
monitored and the tanks refilled using a Diesel Fuel Trailer.
C. Phase 3
Phase 3 will utilize Phase 2 connections and National SAFER Recovery Center (NSRC)
equipment as spares.
8.1.4.6.3.2

RCS Inventory and Reactivity Control

A. Phase 1
1. Perform a cooldown and depressurization at approximately 75°F/hour to
approximately 419°F (cold leg temperature). The cooldown will be initiated within
approximately two (2) hours of event initiation to achieve a RCS cold leg temperature
of less than 450°F in four (4) hours from event initiation.
2. Reactor Coolant System (RCS) temperature will be maintained at approximately
419°F by controlling SG pressure at approximately 290 psig in order to ensure
maximum SI Accumulator injection while preventing nitrogen injection.
B. Phase 2
1. Following SI Accumulator injection or implementation of Alternate RCS Injection,
the SI Accumulators will be isolated or vented and RCS cooldown will be initiated to
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achieve a RCS temperature and pressure less than 350°F and 400 psig within twentyfour (24) hours of event initiation.
2. Alternate RCS Injection capability will be maintained in a standby condition and
operated as required to provide RCS makeup and boration. RCS boration will be
initiated in 8 hours to ensure subcritical conditions are maintained.
C. Phase 3
1. The strategies in Phase 3 are a continuation of the Phase 2 strategies with additional
flexibility and capabilities provided through the following equipment from the NSRC:
(1) NSRC generators
(2)
NSRC pumps
(3)
Portable Boration Skid for borated water makeup.
(4)
Water filtration skid including a pre-filter and reverse osmosis
capability to provide clean water.
8.1.4.6.3.3

Containment Integrity

A. Phase 1:
Monitor containment status. Containment temperature and pressure are expected to
remain below design limits for at least 72 hours.
B. Phase 2:
Monitor containment status. Containment temperature and pressure are expected to
remain below design limits for at least 72 hours.
C. Phase 3
Phase 3 will utilize NSRC equipment to power one or more Containment Recirculation
Fans (CRFs) and supply cooling water from Lake Ontario to one or more CRF Coolers to
reduce Containment temperature and pressure. FSG-12, Alternate CNMT Cooling,
provides the actions to restore Containment cooling to maintain Containment temperature
and pressure below limits.
8.1.4.6.3.4

Spent Fuel Pool Cooling

A. Phase 1
1. Monitor Spent Fuel Pool level and temperature.
2. A Spent Fuel Pool vent path, to maintain suitable ambient conditions in the Auxiliary
Building, will be provided by opening Auxiliary Building and Canister Preparation
Building overhead doors. The site plans to perform these manual actions prior to the
onset of SFP boiling. The actions are directed by FSG-5, Initial Assessment and
FLEX Equipment Staging, and FSG-11, Alternate SFP Makeup and Cooling.
B. Phase 2
1. Monitor Spent Fuel Pool level and temperature.
2. The primary SFP makeup strategy will be accomplished using a medium pressure
portable FLEX pump with water supply from Lake Ontario discharging into the SFP.
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If necessary, an alternate makeup flow path to the SFP can be established by spraying
the SFP with Blitz fire nozzles located within 75 feet of the SFP.
3. The same portable FLEX pump used to refill the SAFW DI Water Storage Tank, or
used for feeding the S/Gs, will be used for SFP makeup.
C. Phase 3
1. The same strategies employed in Phase 2 can be employed in Phase 3.
2. Phase 3 will utilize Phase 2 connections and NSRC equipment as spares.
8.1.4.6.3.5

Electric Power

Load shedding and battery conservation are employed to extend the use of installed
DC sources to maintain essential instruments and controls until FLEX equipment is
operating and capable of carrying required loads and charging installed DC batteries.
FLEX DG will be aligned to supply 480V AC power to the battery chargers for 125
VDC Vital Batteries A and B. The primary strategy will be to power one or more of
the protected battery chargers for the 125 VDC batteries from the 1 MW SAFW D/G
to ensure vital instrumentation remains powered. Temporary cables will be run from
the 1 MW SAFW D/G connections in the SAFW Annex to a portable distribution
panel and/or to a distribution panel in the Waste Gas Compressor (WGC) Room.
From the portable distribution panel, cable can be routed to one battery charger on
each train. From the distribution panel in the WGC Room cable can be routed to
breakers on MCC C and MCC D to power one battery charger for each train. There
are two battery chargers available to each of the station batteries, both with a capacity
of 200 amps at 132 Volts DC and requiring up to 58 amps at 480 Volts AC.
The alternate strategy will be implemented in the event that the 1 MW SAFW D/G
cannot be used to provide power to the battery chargers. A FLEX 100 KW FLEX
D/G capable of delivering 150 amps at 480 Volts 3-phase will be connected to the
protected battery chargers for the 125 VDC batteries to ensure vital instrumentation
remains powered. This alternate strategy will use two methods similar to the 1 MW
SAFW D/G. To power the distribution panel in the WGC Room, the 100 KW FLEX
D/G will be transported to outside the SAFW Annex overhead door. Temporary
cables will be routed from the 100 KW FLEX D/G to a junction box in the SAFW
Annex to feed the distribution panel in the WGC Room and from the distribution
panel in the WGC Room to battery charger breakers for each train on MCC C and
MCC D. To power the portable distribution panel the 100 KW FLEX D/G will be
transported to the TSC area. Temporary cables will be routed from the 100 KW
FLEX D/G to the portable distribution panel and from the portable distribution panel
to one battery charger on each train.
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8.2
8.2.1

OFFSITE POWER SYSTEM
DESCRIPTION

A single-line diagram showing the connections of the main generator and off-site power
supplies to the power system grid is shown in Figure 8.2-1.
8.2.1.1
8.2.1.1.1

Transmission System
Step-up Transformers

Electric energy, generated at 19 kV, is raised to 115 kV by the generator step-up transformer
and delivered from Ginna to station 13A (switchyard) via four 115-kV underground pipe type
cables through 115-kV, 3000-amp circuit breakers. The remaining breakers at the station are
115 kV, 1600 amp, and 2000 amp. Six 115-kV transmission circuits emanate from the
station; circuits 911 and 913 connect into the main Rochester Gas and Electric Corporation
(RG&E) transmission network via station 42; circuits 908, 909, 912 and 937 connect to the
115-kV transmission network at RG&E stations 121, 135, 122 and 135, respectively.
8.2.1.1.2

Transmission Lines

Six 115-kV lines (908, 909, 911, 912, 913 and 937 described above) connect to station 13A
through the "breaker-and-a-half" technique of switching (Figure 8.1-1). As they leave station
13A toward station 204, four of the six lines are supported on two separate rows of structures.
Specifically, circuits 908 and 913 are on one set of structures and circuits 911 and 912 are on
a second set of structures. Circuits 909 and 937 have their own sets of structures on the east
side of the right-of-way. Circuits 909 and 937 terminate at station 135 (Rt 104 and Slocum
Road). Circuit 929 ties station 135 to station 121. The structures for the two pairs of lines are
spaced sufficiently far apart on the right-of-way so that a structure carrying one pair of lines
cannot fall on a structure carrying the other pair. Structural anchoring is installed on the
structures for the fifth line to minimize transverse collapse. For all lines, except for the steel
structures used at corners in the line, the transmission is on multiple cross-arm wooden poles.
South of station 204 for approximately 4 miles, each of the five lines (908, 929, 911, 912, and
913) is located on its own wood structure on a right-of-way. Three lines extend south from
this point to RG&E stations 121 and 122 and two lines extend west to RG&E station 42 on
separate rights-of-way. Transverse cascading of these structures is remote.
Different span lengths are employed on the four main circuits with structural anchoring
utilized at regular intervals along the right-of-way. In addition, the capacity of any single
115-kV line greatly exceeds (1) the power requirements of engineered safety features, which
are satisfied by two 2500-kVA diesel generators, (2) the auxiliary plant load, which is about
29 MVA, and (3) the capacities of circuits 7T or 767, which deliver power at 34.5 kV to the
plant. Circuit 767, one 34.5-kV offsite source, is fed from the 115-kV/34.5-kV transformer 6
at station 13A and is routed underground to 34.5-kV/4.16-kV transformer 12B at Ginna
Station. A voltage regulator was installed on circuit 767 in 1996. Circuit 7T , the second
34.5-kV offsite source, is fed from the 115-kV/34.5-kV transformer 7 at station 13A and is
routed underground to 34.5-kV/4.16-kV transformer 12A. Transformer 7 is a load tap
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changing (LTC) design. Circuits 767 and 7T are run over different routes than the four 115kV lines to substation 13A.
8.2.1.1.3

Circuit Breakers

The generator, its isolated phase bus, the generator step-up transformer, the station unit
transformer (11), and the four oil pipe type cables that deliver the output to the station 13A
are protected by circuit breakers as a unit. Protection through differential and pilot wire
relaying will provide for isolation of the unit within six cycles in the event of a fault within
the protected zones. Additional protection in the form of negative sequence, loss of
excitation, phase protection, stator ground, and reverse power relaying provides adequate
protection for faults within the unit. Any one of the pipe type cables can be electrically
disconnected after deenergizing the pipe type cables and then the remaining pipe type cables
can be reenergized and the unit returned to service at reduced output. During deenergization
of the pipe type cables, auxiliary power would be available to the plant from the 115-kV
/34.5-kV transformer 6 at station 13A via circuit 767, and/or the 115-kV/34.5-kV
transformer 7 at station 13A via circuit 7T to supply normal shutdown power.
The breaker-and-a-half layout (seen in Figure 8.1-1) of station 13A consists of twelve
breakers, six rated at 3000 amp, one at 2000 amp, and five at 1600 amp. One 3000-amprated breaker is used to feed one bus section from the generator and two in series are used to
feed the other bus section with circuit 911 tapped between the breakers. The breaker-and-ahalf layout provides the versatility of dual feed for each line and the ability to remove any
breaker or transmission line without deenergizing any other part of the station.
Station 13A has a thirteenth circuit breaker (rated at 2000 amp) to supply transformer 7 and
circuit 7T. This breaker is fed from bus section #1. The station also has two 75 MVAR
capacitor banks fed by two 2000 amp zero crossing breakers from bus section #2. The
breaker-and-a-half design is not used on these circuit/capacitors.
Failure of either primary breaker for the generator, transformer, and oil pipe type cables to
open would be backed up by a secondary breaker operation. Operation of the secondary
breaker backing up one of the primary breakers (9X13A72) would result in loss of circuit
911. Operation of the four breakers backing up the other primary breaker (1G13A72) would
result in the loss of circuit 7T.
Administrative procedures are utilized to ensure Ginna generation does not exceed the
capability of the output circuits when output breakers and/or transmission lines are out of
service.
8.2.1.1.4

Protective Relay Circuits

The basic transmission system buses at all the stations are protected with high-speed
differential protection with primary and secondary relay circuits. Breaker backup protection
is obtained by operating adjacent and remote breakers. Backup tripping is initiated after a
five-cycle delay circuit has found the breaker has failed to clear. Total elapsed time between
a fault and the isolation of the stuck breaker should not exceed 10.1 cycles.
The six 115-kV transmission lines are each protected by primary and secondary relays, which
function independently of one another. These relays initiate tripping operation by operating
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their associated tripping relays, which in turn trip the associated breakers and initiate their
breaker backup schemes. The primary relays are connected for permissive overreaching
transfer tripping (permissive tripping) by utilizing fiber optic cable and multiplex devices.
Separate current transformers and separate potential transformer windings from a two
secondary winding transformer are used for primary and secondary relays. Separately fused
dc control circuits are used from separate battery systems so that a short circuit in the
primary relay control circuits will not incapacitate the secondary relay control circuits, and
vice versa.
The primary and secondary protective relay systems are physically separated. Separate control
boards are provided for the primary and secondary protective devices. Redundant,
independent dc systems including battery, charger, control panel, and segregated control cables
are provided for control of oil circuit breakers and the primary and secondary protective relay
systems. The control cables between the control boards and oil circuit breakers are separate.
Each set of protective tripping relays energizes separate breaker trip coils, completing the
redundancy of relay systems for security and reliability.
The switchyard meets minimum requirements for reliability and security as developed in the
Northeast Power Coordinating Council and New York Independent System Operator
Reliability Criteria as it applies to protective relays.
8.2.1.2

Station Auxiliary (Startup) Transformers 12A and 12B

Ginna Station was originally designed with a single station auxiliary transformer 12A. A
spare station auxiliary transformer 12B, was subsequently acquired and in 1977 the spare
transformer was permanently connected to the 34.5-kV bus. To increase the availability
margin in the event of a single system failure, the 34.5-kV bus was later split and the system
configured as shown in Figure 8.1-1. Station auxiliary transformer 12A is connected to
circuit 7T and station auxiliary transformer 12B is connected to circuit 767. Circuit 7T
receives 34.5 kV from RG&E station 13A via 115 kV to 34.5 kV stepdown transformer 7,
which has an integral load tap changer (LTC) for voltage regulation. Circuit 767 receives
34.5 kV from RG&E Station 13A via 115 kV to 34.5-kV stepdown transformer 6. Circuit
767 voltage regulator and transformer 7 ensure acceptable voltages during system transients.
Transformers 12A and 12B are self-cooled/forced-air-cooled three-winding transformers (oilimmersed type), rated 28/37.33 MVA (55C rise) with 12% higher continuous capability at a
65C rise. The transformers have two identical secondary windings each exactly half of the
total capacity.
The high voltage winding is rated at 34.5-kV. The two secondary windings are each rated at
4.16-kV.
The transformers are equipped with current transformers for metering and relaying, oil-level
gauge with alarm, oil temperature indicator with alarm, and a tank pressure relief device with
alarm.
Three lightning arresters are connected to the high-voltage bushings for lightning protection.
In addition, the transformers have high-speed protective relays, including
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differential, phase and ground backup, that rapidly remove all sources of power during an
internal fault to minimize damage.
During normal operations the station auxiliary transformers supply the engineered safeguards
(Class 1E) auxiliary loads and the station unit transformer (11) supplies the non-Class 1E
auxiliary loads. Transformer 11 is fed by the Ginna Station main generator. During startup,
shutdown, and loss of Ginna Station generating capacity, transformers 12A and 12B supply
all auxiliary loads because transformer 11 is not available. A main generator trip results in
the automatic transfer of the auxiliary loads on buses 11A and 11B to the station auxiliary
transformers by the closing of bus ties 11A-12A and 11B-12B and the opening of the
transformer 11 feeds (see Figure 8.1-1).
The transformers are very conservatively sized. Each is capable of supplying all plant
auxiliary loads for full power operation without exceeding 90% of the forced air rating at
55C rise. This value will not exceed 33.6 MVA at maximum guaranteed turbine output;
however, the transformers are capable of continuous operation at 41.8 MVA at 65rise .
During startup and shutdown of the station, the requirements are considerably less, due to
partial loading of many of the auxiliaries. The engineered safety features system load
imposed on the transformer is only a fraction of its total rating. During MODES 1 and 2,
one secondary winding supplies one 4-kV bus section, which in turn supplies two 4-kV/480V transformers providing power to the engineered safety features system. This is done to
avoid having to transfer those auxiliaries from one secondary winding to another at the time
that they are required to operate. Thus the transformer is very lightly loaded during MODES
1 and 2 and the operator is continuously aware of its status.
Breakers 12AX, 12AY, 12BX, and 12BY (see Figure 8.1-1) permit the station auxiliary
transformers to be lined up so that transformer 12A supplies one engineered safeguards bus
and transformer 12B supplies the other (50/50 mode), transformer 12A supplies both
safeguards buses (0/100 mode), or transformer 12B supplies both safeguards buses (100/0
mode). The 50/50 mode is the normal configuration.
Periodic maintenance is performed by Ginna Station on 12A and 12B transformers to ensure
maximum reliability. In addition to inspection and cleaning, oil sampling and analysis are
performed and power factor, excitation, and capacitance measurements are made to determine
degradation of the oil and insulation.
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8.2.2
8.2.2.1
8.2.2.1.1

ANALYSIS
Transmission System
Loss of Ginna Station Output

Upon a sudden loss of Ginna Station generating capacity, the plant auxiliary load, including
engineered safety features, would continue to be fed from either one or both of the 34.5-kV
lines. The load from transformer 11 would be transferred to the station auxiliary
transformers. If the generation was less than 50% capacity, the reactor could remain in
operation; if greater than 50%, the plant would be tripped because of steam dump capacity.
The Interconnection Agreement between R. E. Ginna Nuclear Power Plant, LLC and
Rochester Gas and Electric Corporation does not require a reduction in power for the loss of
any single 115-kV transmission circuit (908, 909, 911, 912, 913, 937). Upon a loss of any
circuit, Ginna Station certifies it can reduce power to net generation levels that will not
damage equipment in the event of a subsequent circuit outage.
The main criterion in determining the dependability of the transmission system is to
determine if it will remain synchronized with the rest of the system after the most severe fault,
sustained for the longest duration under second contingency conditions. Synchronization is
maintained for the longest duration fault, 9.5 cycles, if a breaker fails to open and backup
breakers must open to clear. The critical clearing time is between 11 and 12 cycles at which
time a fault would create electrical instability at Ginna Station.
8.2.2.1.2

Switchyard Direct Current Power System

At station 13A, as in other major stations, dc rather than ac is used for tripping and closing of
the breakers in order to remove the possibility of a loss of ac voltage or a reduction to a low
value and the inability to operate the trip coil due to a heavy fault on the protected circuit.
The dc source consists of two completely independent battery systems.
The dc sources are sufficient to supply station requirements without ac powered chargers for
more than 24 hours of normal operation. Duplicate feeds, one from the 115-kV/34.5-kV
transformer 6 at station 13A and one at 12 kV from station 132, provide redundant charging
supply to the batteries.
8.2.2.1.3

Transmission Network Protective Features

Arrangements to minimize the probability of power failure due to faults in the network
interconnections and the associated switching are as follows:
A. Redundancy is designed into the network interconnections by transmission lines connected
to the RG&E 115-kV transmission network at stations 121 and 122. A single circuit may
be interrupted and the others will be capable of carrying the required emergency loading.
B. Four 115-kV transmission circuits (908, 909, 912 and 937) are installed on separate
structures on the same right-of-way and each line of circuit structures is separated from the
others.
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C. Each circuit is protected from lightning by an overhead shield wire. Switching surge
protection is accomplished via surge arresters.
D. The breaker-and-a-half switching arrangement in station 13A includes two full capacity
main buses which feed each circuit through a circuit breaker connected to each bus.
Primary and secondary relaying are provided for each circuit along with circuit breaker
failure backup for fault clearing. These provisions permit the following:
1.

Any circuit can be switched under normal or fault switching without affecting another
circuit.

2.

Any single circuit breaker can be isolated for maintenance without interrupting the
power or protection to any circuit.

3.

Short circuits of a single main bus will be isolated without interrupting service to any
circuit.

4.

Failure of a tie breaker to clear a short circuit will result in the loss of its two adjacent
circuits until it is isolated by disconnect switches .

5.

Failure of a bus side breaker to clear a short circuit will result in the loss of only one
circuit until it is isolated, except circuit 7T.

6.

Circuit protection against failure of the primary protective relaying is provided by
secondary relaying.

With the above protective features, the probability of loss of more than one source of 115-kV
power from credible faults is low.
Information on loss-of-offsite-power events is contained in References 1 and 2.
8.2.2.1.4

Northeast Power Coordinating Council Load-Shedding Practice

The Northeast Power Coordinating Council (NPCC), of which RG&E is a member, has
instituted load-shedding practices based on frequency. Presently the NPCC has established a
two-step automatic load scheme that can compensate for a total generation deficiency of
25%. It is within this 25% range that the NPCC expects its members to maintain
coordination. "Coordination" is defined as preventing the large generating units from tripping
ahead of the load shed relays in hopes of recovering from generation deficiencies.
Specifically, coordination requires that Ginna remain on-line until the load-shedding scheme
has sufficient time to operate and the system to recover from a mismatch of generation and
load. The existing under frequency setpoint which achieves the required coordination is 57.7
Hz.
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8.2.2.2
8.2.2.2.1

Station Auxiliary (Startup) Transformers 12A and 12B
Original Ginna Station Design

Ginna Station was originally designed with a single station auxiliary transformer No. 12A. A
single transformer was considered acceptable because it would afford the required degree of
plant safety for the following reasons:
A. The plant can be safely shut down without the use of offsite power. In the unlikely event of
complete loss of electrical power to the station, decay heat removal would continue to be
ensured by the availability of one steam-driven and two motor-driven auxiliary feed-water
pumps and steam discharge to the atmosphere via main steam safety valves and
atmospheric relief valves.
B. All vital loads (safety systems, instruments, etc.) can be supplied from emergency diesel
generators.
C. The diesel generators have an adequate fuel supply readily available to them (Section
9.5.4). Reserve fuel supplies are available for delivery within 8 hours.
The two diesel generators, each capable of supplying safeguards loads, and the station
auxiliary transformer provide three separate sources of power immediately available for
operation of these loads. Thus the power supply system meets the single-failure criterion
required of safety systems.
D. As an emergency backup to the diesel generators, should they be required to operate for an
extended period during an outage of the station auxiliary transformer, power can be fed
back from the 115-kV grid through the generator step-up transformer and the station unit
transformer. Before power can be brought in from this source, flexible links at the
generator terminals must be removed. This operation can be accomplished in about 8
hours.
E. Heat removal can be accomplished by dumping steam, in association with natural
circulation, following loss of power to reactor coolant pumps.
8.2.2.2.2

Transformer Failure Rates

The use of a single station auxiliary transformer is a well-established practice in the electrical
utility industry. Failure rates of transformers vary with voltage rating, type of service,
maintenance, as well as various other factors; however, in discussions with various utilities, the
number of recorded failures for transformers in startup service has been very low.
A survey conducted in 1966 by the Electrical System and Equipment Committee of Edison
Electric Institute is further proof of this low failure rate. Briefly, the 63 utilities that took part
in the survey reported 768 transformer failures during the period between January 1, 1956,
and December 31, 1965. The report does not list the total number of transformers that were
reviewed by the survey. However, based on an increase of 50% in installed transformer
capacity in a 10-year period, and using the total of 12,170 transformers installed during the
period, the annual failure rate for all types of transformers would be 0.2%. It does record the
fact that 20 of the 768 failures occurred in generating stations; however, the length of time
that the transformers were in service was not recorded.
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This report also indicates that 319 failures were associated with transformers installed in the
same 10-year period. This is an annual failure rate of 0.0026 transformer failure per
transformer year for all types of services such as distribution, transmission tie, and also
transformers. The actual number of failures in generating station service could be a very low
number.
The Edison Electric Institute report also indicated that a very high percentage of transformer
failures occur early in life, as much as 25% in the first year. Since the transformer will be
energized for plant testing for about 1 year prior to plant operation, this abnormally high
failure period will have been passed. If the failures in the first year are deducted from the
total number, the annual failure rate would be even less than 0.0026.
8.2.2.2.3

Backup Auxiliary Transformers

Even though a single station auxiliary transformer ( 12A) is sufficient, an additional
transformer (12B) was made available in 1977 that would provide backup for the loss of the
12A transformer. The backup transformer was connected to the 34.5-kV bus through a
normally open varmaster switch, which had full capability to withstand fault currents, and a
disconnecting switch. Protective relaying, independent of the station auxiliary transformer
12A, was also installed and supplied by non-safety ac and dc power supplies.
In the event of a reactor accident, coupled with long-term unavailability of the station
auxiliary transformers, the station unit transformer (11) could be used as backup to the diesel
generators for providing power for long-term cooldown. This can be accomplished by
disconnecting flexible links on the isolated phase bus at the generator terminals and
backfeeding from the 115-kV system through the generator step-up transformer. This effort
could be accomplished in a short time (6 to 8 hours)a after which the vital loads on the four
480-V buses could be transferred from the diesel generators.
The NRC reviewed the Ginna compliance with General Design Criterion 17 and determined
that the RG&E system met current regulatory requirements. In the Safety Evaluation Report
for SEP Topic VII-3, Safe Shutdown, dated April 2, 1981 (Reference 3), it was concluded that
"this design meets the current NRC requirements for offsite power supply (General Design
Criterion 17), provided that the disconnection of the main generator terminals can be
accomplished within the time constraints imposed by coolant water inventory and battery
life." Since Ginna Station has sufficient coolant water inventory (see Chapter 10) and the
batteries were considered capable of supplying vital loads for 8 hours, which is longer than
required for the terminal disconnection action to enable backfeeding, General Design
Criterion 17 was considered met. Subsequent replacement of the batteries continue to meet
this 8 hour requirement (Reference 6).
Reference 3 noted that in the event of loss of both diesel generators the offsite power supply
would be subject to single failure (transformer 12A); however, the design was acceptable
because of the ability to manually shift to transformer 11 within the above time constraints.
During the 1987 Ginna Station MODE 6 (Refueling) outage, station auxiliary transformer
a.

This was reviewed and found acceptable during the review of SEP Topic VIII-1.A, SER, dated January
19, 1982.
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12A was out of service for maintenance and the two emergency diesel generators were
supplying power. Low fuel oil levels in both emergency diesel-generator day tanks caused
by partially plugged suction strainers to the diesel fuel oil transfer pumps threatened loss of
both diesel generators and a station blackout.
It was concluded that although the existing offsite power system met the requirements of
existing licensing commitments, it lacked sufficient operating margin when applying the
single-failure criterion. Therefore, the offsite power system was reconfigured by splitting the
existing 34.5-kV onsite bus and energizing both station auxiliary transformers 12A and 12B,
one from each independent offsite transmission line as described in Section 8.2.1.2. Crediting
either the two station auxiliary transformers or a single station auxiliary transformer and back
feeding through the generator step-up transformer meets the General Design Criteria 17
requirement to have two physically independent circuits.
8.2.2.3

Radiation Exposure During Restoration of Power

Restoration of power or putting emergency or backup sources of power into operation may
require access to plant areas that could be subjected to above normal radiation levels,
resulting from accident conditions (e.g., the loss-of-coolant accident is the worst postulated
accident) that could exist during power restoration. Entry to the station auxiliary transformer
area (Nos. 11, 12A, and 12B), the generator bus area, and the diesel-generator area could be
necessary or desirable to restore power. The design basis direct radiation levels at these
locations for a 24-hour period following a loss-of-coolant accident, as calculated at initial
plant licensing, are listed in Table 8.2-1.
Following a LOCA, radiation exposure from airborne contamination may exist. The designbasis inhalation dose rate within 200 ft of the containment, as calculated at initial plant
licensing, is given in Table 8.2-2.
Radiation exposure from airborne contamination can be reduced to acceptable levels by
equipping workers with breathing apparatus. Direct radiation would be the limiting source in
determining the access time in designated work areas. As noted in the tabulation, direct
radiation would decay very rapidly following a loss-of-coolant accident. This rapid decay of
radiation following an accident would permit access to these work areas.
Results of more recent calculations are contained in Chapter 12.
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Table 8.2-1
DIRECT RADIATION DOSE RATESa (REM/HR)

a.

Time (hr)

Station Auxiliary
Transformer

Diesel Generator

Generators Bus

0

9

4.5

6.9

1

2.5

1.2

1.8

2

1.7

0.9

1.3

24

0.08

0.04

0.06

At listed locations following a loss-of-coolant accident.
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Table 8.2-2
INHALATION DOSE RATESa (REM/SEC)

a.

Time (hr)

25% of Iodine Available for Leakage
is Assumed to be Present in
Non-removable Form

All Iodine is Present in
Removable Form

0

0.67

0.67

1

7.1 x 10-2

4.1 x 10-2

2

5 x 10-2

1.04 x 10-2

24

0.7 x 10-2

0.39 x 10-2

Within 200 ft of containment following a loss-of-coolant accident.
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8.3
8.3.1
8.3.1.1

ONSITE POWER SYSTEM
ALTERNATING CURRENT POWER SYSTEM
Description

The electrical power system is designed to provide a simple arrangement of buses requiring
the minimum of switching to restore power to a bus in the event that the normal supply to that
bus is lost.
8.3.1.1.1

Single-Line Diagrams

The basic components of the alternating current portions of the station electrical system are
shown in Drawings 03201-0102, 33013-0623, 33013-0652, and 33013-0653, which show the
overall station system, 4160-V system, the 480-V system, and the 120-V ac instrument bus
system.
8.3.1.1.2

Station Unit Transformer

The plant generator serves as the main source of auxiliary electrical power during "on-theline" operation of the plant. Power is supplied via a 19/4.16-kV, three-winding station unit
transformer that is connected to the main leads from the generator.
Auxiliary power required during plant startup, shutdown, and after reactor trip is supplied
from the 34.5-kV system. After reactor or turbine generator trip, the necessary auxiliaries on
the 4160-V buses are transferred by a fast bus transfer scheme using stored energy breakers
from the station unit transformer to the station auxiliary transformer(s). Control power for
the breakers is obtained from the station batteries. The 34.5-kV switchyard is served by two
separate sources. Both sources come directly from the Rochester Gas and Electric
Corporation (RG&E) 115-kV system through step-down transformers. Incoming lines to the
115-kV substation, other than the tie to the plant generator step-up transformer, consist of six
lines from the RG&E transmission network. The 34.5-kV system is also the normal supply
for the auxiliary load associated with plant engineered safeguards.
Three auxiliary transformers provide all the electrical power requirements for the onsite loads
at Ginna Station. The station auxiliary transformers 12A and 12B, are described in Section
8.2 and represent two of the three auxiliary transformers. The 12A and 12B transformers are
double secondary transformers and one or both are connected to two 4160-V buses, 12A and
12B. The station unit transformer (No. 11) is also a three-winding transformer identical in
capacity to the No. 12 transformers and is directly connected to the isolated phase bus. The
voltage rating is 19 kV to 4160 V. The station unit transformer is connected on the
secondary side to two non-Class 1E 4160-V buses, 11A and 11B.
The primary purpose of transformer 11 is to supply normal station auxiliary loads while the
main generator is connected to the 115-kV grid. The same conservatism is applied to the
station unit transformer as to the station auxiliary transformers in that it can carry all
auxiliaries within 90% of its forced-air rating at 55C; however, its normal load is
considerably higher than that of the No. 12 transformers.
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When off-line or during startup, all onsite power is supplied from the offsite 34.5-kV system
through transformer 12A, 12B, or 12A and 12B. The four 4160-V buses are arranged as
shown in Drawings 33013-0623, sheet 1 and Drawing 33013-0653. Bus 11A is fed from bus
12A and bus 11B is fed from bus 12B through bus tie breakers. Once the main generator is
synchronized to the grid, the bus ties are opened at about 5% power, isolating buses 11A and
11B from 12A and 12B. Buses 11A and 11B supply all non-safety-related loads while buses
12A and 12B remain energized from the offsite system and supply safety-related and
non-safety related loads on the 480-V safeguards buses through station service transformers.
After a reactor or turbine generator trip, the necessary auxiliaries on the 4160-V buses are
transferred by a fast bus transfer scheme using stored energy breakers from the station unit
transformer to the station auxiliary (12A and 12B) transformers. The station auxiliary
transformers are served by two independent sources: one line through a tie to the RG&E
115-kV switchyard via stepdown transformer 7 (circuit 7T)is connected to transformer 12A
and a second line through a tie to the RG&E 115-kV switchyard via step-down transformer 6
(circuit 767) is connected to transformer 12B.
8.3.1.1.3

The 4160-Volt System

The 4160-V system (Drawing 33013-0653) consists of four buses that are classified as nonClass 1E. The system is formed by four sets of Westinghouse metal-clad switchgear, which
use DH type air circuit breakers. Discrete relaying is used to afford overcurrent,
undervoltage, and underfrequency protection as required. The two buses connected to the
No. 11 transformer supply all normal plant auxiliary loads (non-Class 1E) and are designated
11A and 11B. The two buses connected to the offsite system through transformers 12A and
12B supply all the startup power and also feed the Class 1E loads on the 480-V safeguards
system through four station service transformers.
Buses 11A and 11B are connected to the generator leads via bus main breakers and the station
unit transformer. Buses 11A and 12A or buses 11B and 12B can be tied together via bus tie
breakers. When off-line, a tie breaker is also supplied between buses 11A and 11B, which
may be closed under administrative control so as to perform certain maintenance activities.
All 4160-V auxiliaries except condensate booster pump 1A are split between buses 11A and
11B. In addition, buses 11A and 11B each serve one 4160/480-V station service transformer.
Buses 12A and 12B each serve two 4160/480-V station service transformers. Bus 12A also
feeds condensate booster pump 1A.
Buses 11A and 11B are provided with solid-state underfrequency relays and undervoltage
relays to provide protection against a loss-of-flow transient. The underfrequency relays are
set to give a reactor trip before decreasing bus frequency can degrade primary system flow
below the level assumed in the steady-state or transient analyses (Section 15.3). The setpoint
information is described in Section 8.2.2.
8.3.1.1.4
8.3.1.1.4.1

The 480-Volt System
480-Volt Buses

The 480-V system (Drawing 33013-0652) is divided into six buses. Each bus is supplied by a
separate 4160/480-V station service transformer. The 480-V buses are supplied from the
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4160-V buses as follows: buses 14 and 18 from bus 12A, 16 and 17 from 12B, 13 from 11A,
and 15 from 11B. Tie breakers are provided between 480-V buses 14 and 13, buses 16 and
14, buses 16 and 15, and buses 17 and 18.
The buses are formed by Westinghouse load centers using DB type air circuit breakers. The
breakers are protected by overcurrent devices. They were each originally equipped with three
single-phase series trip thermal/mechanical direct acting devices. These overcurrent devices
were upgraded by replacing the three single-phase devices with one, three-phase solid-state
device referred to as an Amptector. The Amptector design has been superseded by the
Westinghouse Westector, which is equivalent in fit and function to the Amptector design. New
and replacement overcurrent devices are now Westector units. The solid-state device detects
fault currents and overloads and directly trips the circuit breaker mechanically. Tripping
energy is derived from the load current flowing through sensors so that no separate power
source is required. The assembly is mounted on the breaker and consists of sensors, a solidstate trip unit, actuator, and discriminator. The solid-state overcurrent trip devices are set so
as to be coordinated with associated breakers, which include the 4160-V buses and motor
control centers. Coordination ensures that the correct device clears the fault or overload and
that no other device operates except where necessary to afford backup protection. The
devices used on buses 14, 16, 17, and 18 are Class 1E. Those used on buses 13 and 15 are
non-Class 1E. All Class 1E assemblies are qualified to IEEE 344-1975 thus ensuring
operability during a safe shutdown earthquake.
8.3.1.1.4.2

Class 1E Trains

Two Class 1E independent trains provide the necessary redundancy on the 480-V safeguards
system. Train A consists of 480-V safeguards buses 14 and 18, while train B consists of
safeguards buses 16 and 17. Buses 14 and 16 are located in the auxiliary building, while 17
and 18 are located in the screen house.
A bus tie between the two inplant Class 1E 480-V safeguards buses 14 and 16 can be used for
maintenance purposes. This tie consists of a breaker in each bus, one manually operated and
the other electrically operated.
The bus tie control scheme is discussed in Section 7.3.1.2.
Each safeguards bus has two undervoltage channels. Each channel has a type 27N relay to
detect a complete loss of voltage and a type 27 relay to detect abnormally low voltage. One
out of two relays is required to activate the channel. Activation of either channel will give an
undervoltage protection system alarm. Activation of both channels will result in bus load
shedding and an associated diesel generator start and bus connection.
In the event of a loss of offsite power, or abnormal offsite power, the diesel generators are
started concurrent with load shedding. When the diesel generators come up to speed and
close onto the buses, the undervoltage relays reset, thus allowing the operator to manually
load any of the motors that are required. Some loads may also be automatically loaded onto
the bus. The automatic load sequencer is not activated unless a safety injection signal is
present.
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The failure of a 125-V dc/120-V ac inverter coincident with an undervoltage condition or the
loss of offsite power was examined for impact on the undervoltage protection system
functionality. This failure scenario was less limiting than the single failure of a diesel
generator to start. As a result of the analysis, the undervoltage protection system design was
modified for buses 14, 16, 17, and 18 to provide power to the undervoltage control cabinets
from the 125-V dc battery system instead of from the 120-V ac system and inverter. The
modified undervoltage protection system design functionality is not impaired by a postulated
coincident inverter/loss of offsite power failure condition.
In the event of a station service failure or degraded voltage resulting in the loss of one 480-V
safeguards bus, the diesel generator associated with that train will get a start command. Once
up to speed, the diesel-generator breaker on that bus only will close restoring rated voltage.
Should the same event occur concurrent with a safety injection signal, the other bus on that
train will be tripped by the undervoltage relay on the failed bus. This condition will actuate
the load sequencer on that train and Class 1E loads will be brought into service in a
preprogrammed fashion. The other train, not experiencing undervoltage, will program into
service only those loads that are not already in service. That is, no load shedding of
engineered safety features actuation system (ESFAS) will occur.
8.3.1.1.5

The 120-Volt Alternating Current System

The 120-V ac instrument supply (Drawing 03201-0102) is split into four buses that are
capable of being supplied by multiple sources. Each bus is supplied by a pair of
mechanically interlocked breakers such that paralleling of redundant sources is prevented.
Two of the buses are fed by inverters which are in turn supplied from separate 125-V dc
buses. The other two buses are supplied by constant voltage transformers connected to
separate 480-V buses. Instrument buses 1A and 1C have two power sources, with automatic
transfer from the primary to backup supply. Instrument Buses 1A, 1B, and 1C provide power
to vital plant instrumentation. All three buses are backed up by safety-related emergency
supplies; bus 1A from battery 1A and diesel generator 1A; bus 1B from diesel generator 1A;
and bus 1C from battery 1B and diesel generator 1B. Instrument bus loads are shown in
Drawing 03201-0102.
In addition to the four instrument buses, one channel each of containment wide range pressure
and steam generator B pressure instrumentation (P950 and P479) are fed from a separate
inverter (MQ-483), which is supplied from 125-V dc battery 1A. See Section 8.3.2.1.
8.3.1.1.5.1

Instrument Bus 1A

Instrument bus 1A is normally supplied from Class 1E 125-V dc distribution system train "A"
through inverter A. The backup supply is the Class 1E 480-V ac bus 14 MCC-1C through a
regulating transformer. When the normal supply fails, a static switch automatically switches
to the backup supply. When the normal supply returns, the static switch is manually switched
back to the normal supply. The automatic transfer switch is initiated by any of the following:
inverter failure, overcurrent beyond the static switch, inverter output undervoltage, manual
operation, or a failure of the static switch. When inverter or static switch maintenance is
required, instrument bus 1A can be manually switched to the maintenance supply, which is
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supplied from non-Class 1E bus 13 MCC-1A and a regulating transformer, by operating a
mechanically interlocked breaker at the instrument bus 1A distribution panel in the main
control room.
Several local alarms on the inverter feed a common alarm which annunciates on the main
control board, directing operators to check the instrument bus inverters. There are two ac
voltmeters and a frequency meter located on the 1A instrument bus distribution panel that
indicate the 1A inverter output voltage and frequency and the 1A instrument bus output
voltage. A main control board alarm will annunciate if the 1A instrument bus voltage drops
below 105 V ac.
8.3.1.1.5.2

Instrument Bus 1B

Instrument bus 1B is normally supplied from Class 1E bus 14 MCC-1C and a regulating
transformer. The backup supply for instrument bus 1B is supplied from non-Class 1E bus 13
MCC-1A and a regulating transformer. Operator action is required to switch to the backup
supply by operating a mechanically interlocked breaker at the instrument bus 1B distribution
panel located in the main control room. There is an ac voltmeter located on the 1B
instrument bus distribution panel which indicates the 1B bus voltage. A main control board
alarm will annunciate if the 1B instrument bus voltage drops below 105 V ac.
8.3.1.1.5.3

Instrument Bus 1C

Instrument bus 1C is normally supplied from Class 1E 125-V dc distribution system train "B"
through inverter B. The backup supply is the Class 1E 480-V ac bus 16 MCC-1D through a
regulating transformer. When the normal supply fails, a static switch automatically switches
to the backup supply. When the normal supply returns, the static switch is manually switched
back to the normal supply. The automatic transfer switch is initiated by any of the following:
inverter failure, overcurrent beyond the static switch, inverter output undervoltage, manual
operation, or a failure of the static switch. When inverter or static switch maintenance is
required, instrument bus 1C can be manually switched to the maintenance supply, which is
supplied from non-Class 1E bus 13 MCC-1A and a regulating transformer, by operating a
mechanically interlocked breaker at the instrument bus 1C distribution panel in the main
control room.
Several local alarms on the inverter feed a common alarm which annunciates on the main
control board, directing operators to check the instrument bus inverters. There are two ac
voltmeters and a frequency meter located on the 1C instrument bus distribution panel that
indicate the 1C inverter output voltage and frequency and the 1C instrument bus output
voltage. A main control board alarm will annunciate if the 1C instrument bus voltage drops
below 105 V ac.
8.3.1.1.5.4

Instrument Bus 1D

Instrument bus 1D is normally supplied from non-Class 1E bus 15 MCC-1B via a regulating
transformer. The backup supply for instrument bus 1D is supplied from bus 13 MCC-1A via
a regulating transformer. Operator action is required to switch to the backup supply by
operating a mechanically interlocked breaker at instrument bus 1D distribution panel located
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in the main control room. There is an ac voltmeter located on the 1D instrument bus
distribution panel that indicates the 1D bus voltage. A main control board alarm will
annunciate if the 1D instrument bus voltage drops below 105 V ac.
Critical channel D instruments (one channel each of containment wide-range pressure and
steam generator B pressure instrumentation [P950 and P479]) are fed from class 1E inverter
MQ-483, which is supplied from battery 1A.
8.3.1.1.6
8.3.1.1.6.1

Emergency Power
Emergency Power Sources

The first source of emergency power is the 34.5/4.16-kV station auxiliary transformers. As
described in Section 8.2.1.2, each of the two transformers has an independent supply. One is
circuit 767 from 115/34.5-kV transformer 6 at RG&E station 13A and the second is circuit 7T
from 115-kV/34.5-kV transformer 7 at RG&E Station 13A. The routing is entirely
independent of the main transmission right-of-way.
If the 34.5-kV sources and/or the 12A and 12B transformers should fail, the next source of
emergency power is the two diesel-generator sets. Each set consists of an Alco model 16251-F engine coupled to a Westinghouse 1950-kW (continuous rating), 0.8 power factor, 900
rpm, three-phase, 60-cycle, 480-V generator. The diesel-generator units have extended
ratings of 2300 kW for 0.5 hours and 2250 kW for 2 succeeding hours.
Each unit, as a backup to the normal standby ac power supply, is capable of sequentially
starting and supplying the power requirement of one complete set of engineered safety
features equipment. The units are located in separate rooms in a Seismic Category I structure
located outside the northeast wall of the turbine building.
8.3.1.1.6.2

Diesel-Generator Rapid Startup and Loading

Each diesel generator is automatically started by an air motor. Each unit has a complete 40ft3 air storage capacity (two 20-ft3 tanks each) and compressor system powered from the 480V emergency bus. The piping and the electrical services are arranged so that manual transfer
between units is possible. Each unit has the air storage capacity required to ensure that the
available diesel cranking time is sufficient for five diesel starts without recharging the air
receivers. The unit is capable of being started and supplying one-third load after 10 sec. It
can be fully loaded 30 sec after the initial starting signal. The starting system is completely
redundant for each diesel generator.
To ensure rapid start, the units are equipped with water jacket and lube-oil heating and
prelube pump for circulation of lube oil when the unit is not running. The units are located
in heated rooms.
An audible and visual alarm system is located in the main control room and will alarm
abnormal conditions of jacket water temperature, lube-oil temperature, fuel-oil level, jacket
water and lube oil cooler service water AOV valve position, and starting air pressure.
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8.3.1.1.6.3

Diesel-Generator Protective Trips

The protective trips and conditions that render the diesel generators incapable of responding
to an automatic start signal are the following:
•

Low lube-oil pressure (40 psig; two-out-of-three logic).

•

Overcrank.

•

Reverse power (if safety injection signal not present).

•

Overcurrent (if safety injection signal not present).

•

Overspeed.

•

Control switch in PULL-STOP.

•

Local/remote switch in LOCAL.

The reverse power and overcurrent protective trips are automatically bypassed upon receipt
of a safety injection actuation signal. Since the low lube-oil pressure trip uses redundant
sensors and coincident logic, the diesel generator protective trips meet the requirements of
Branch Technical Position ICSB-17. (References 1, 2 and 3)
All instrument tubing and instruments required for diesel generator operation are Seismic
Category I. These instruments include lube oil pressure, jacket water pressure, and fuel oil
pressure switches.
The Technical Specifications require that the generator be periodically tested to verify the
capability to reject a load of 295-kW without tripping due to overspeed.
An overspeed condition would cause generator damage and therefore the diesel generator
should be shut down for corrective action to be taken to restore the generator output to
normal.
A shutdown of the diesel generator is indicated in the control room by an audible alarm on the
control board and by the generator bus voltmeter.
Normal oil pressure is about 85 psi; the emergency diesel-generator audible alarm sounds at
60 psi. Low oil pressure shutdown is initiated when two-out-of-three oil pressure switches
operate at 40 psi. Since the engine cannot run without proper lubrication, shutdown permits
corrective action to be taken before the engine is damaged and the diesel generator can then
be returned to service.
8.3.1.1.6.4

Fuel Oil Supply

An onsite diesel-generator fuel oil inventory is maintained to support operation of both diesel
generators. Information on diesel fuel oil, including storage locations and tank capacities, is
found in Section 9.5.4. Fuel oil storage and sampling requirements are in the Technical
Specifications.
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8.3.1.1.6.5

Diesel-Generator Startup Logic

The diesel-generator units are given a starting signal any time there is an abnormal voltage
condition, and also when a safety injection signal is initiated. The logic diagram for the
diesel-generator startup is shown in Drawing 33013-1353, Sheet 5. The index of logic
symbols is shown in Drawing 33013-1353, Sheet 1.
The units have demonstrated that they are capable of coming up to speed and voltage, ready
to accept load, in 10 sec. They have also demonstrated the capability of accepting blocks of
loads; however, to keep voltage dips to a minimum, loads are sequenced onto their buses
using programmed time increments of 5 to 7 sec.
8.3.1.1.6.6

Emergency Power Supply

During MODES 1 and 2, and normal shutdown, the diesels are in a standby condition. Diesel
generator 1A is available to supply buses 14 and 18, and diesel generator 1B is available to
supply buses 16 and 17. Each diesel-generator set is automatically started and placed on line
upon undervoltage (without a safety injection signal) on one of the 480-V buses associated
with the set. The undervoltage protection system is designed with two channels per bus.
With an undervoltage signal on both channels of a particular bus, the associated diesel
generator starts and loads onto the affected bus. An undervoltage signal on a single channel
will give an undervoltage protection system alarm but will not start the diesel generator. The
automatic actuation upon undervoltage conditions on a safeguards bus is as follows:
a. All motor feeder breakers, the main supply, and the tie breakers to non-safety-related buses
that are on the affected bus are tripped. Exceptions to this are the component cooling
pumps, which require both undervoltage conditions and a safety injection signal to trip, and
the containment spray pumps and motor control centers 1C and 1D, which require a manual
trip.
b. The diesel generator is started.
c. After the unit comes up to speed and voltage, the emergency generator breaker closes. The
electrically driven auxiliary feedwater pump is loaded onto the bus when a start signal is
present. The component cooling pump and motor control centers remain connected and are
operational as soon as power is restored. The service water pumps have timed delays
before being added to the diesel so as not to add to the starting load. Other equipment must
be manually started as automatic load sequencing does not occur on undervoltage alone.
If there is a requirement for engineered safety features operation (i.e., the initiation of a safety
injection signal) coincident with undervoltage on the 480-V bus, the sequential starting of
engineered safety features equipment is as shown in Table 8.3-1 and in Drawing 33013-1353,
Sheet 8.
Starting of containment spray pumps, if initiated by high containment pressure, is
accomplished simultaneously with any of the steps shown in Table 8.3-1.
The motor control centers once energized remain tied to their respective buses and are not
shed (tripped) during undervoltage. The injection valves are automatically opened at the
same time as the respective pumps are started.
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Tie breakers exist between buses 14 and 16 and buses 17 and 18 (see Drawing 33013-0623,
Sheets 1 and 2). The tie between buses 14 and 16 consists of a breaker in each bus, one
manually operated and the other electrically operated. The tie between buses 17 and 18
consists of a single electrically operated breaker. This feature is used when the plant is in
MODE 5 (Cold Shutdown) for maintenance. Technical Specifications require that the tie
breakers between buses 14 and 16 and buses 17 and 18 remain open when the plant is above
MODE 5 (Cold Shutdown) conditions. Closure of either the electrically operated tie breaker
between buses 14 and 16 or the breaker between 17 and 18 is annunciated in the control
room.
The electrically operated bus tie breaker between buses 14 and 16 can only be closed if either
bus 14 or 16 is deenergized. The diesel generator and normal supply breakers on buses 14
and 16 will not close if the electrically operated tie breaker is closed. The electrically
operated bus tie breaker is automatically tripped on safety injection and/or undervoltage
conditions.
Above MODE 5 (Cold Shutdown), the tie breaker for buses 17 and 18 is maintained in the
test position, which prevents electrical or mechanical closure. Below MODE 5 (Cold
Shutdown), when the breaker is racked in, the control scheme allows the bus tie breaker to be
closed only if either bus 17 or 18 is deenergized. The diesel generator and normal supply
breakers on buses 17 and 18 will not close if the tie breaker is closed. The tie breaker is
automatically tripped on safety injection and/or undervoltage conditions.
The breakers cannot be closed when a safety injection signal is present. The Ginna Station
design utilizes a safety injection signal reset function that requires both completion of
engineered safety features sequencing and administrative controls prior to manual reset.
In the June 16, 1994, Safety Evaluation Report, the NRC evaluated the appropriateness of
using the tie breaker for buses 17 and 18 (52/BT 17-18) at Ginna Station during the
recirculation phase of a design-basis accident. Specifically, given the worst-case design-basis
accident (loss-of-coolant accident with loss of offsite power) and failure of one emergency
diesel generator, the cross-ties between the two redundant Class 1E 480-V safeguards buses
could be utilized such that two service water pumps could be powered by one diesel generator.
The NRC determined that adequate time limitations and surveillance requirements exist at
Ginna Station for the proper use of the tie breakers on occurrence of loss of offsite power and
failure of one emergency diesel generator, and that these actions are consistent with the
guidance provided in Generic Letter 91-11. The NRC concluded that pending completion of
their evaluation of analyses submitted by RG&E supporting single service water pump
operation in the recirculation phase (see Section 9.2.1.4.1), the compensatory measure of
using the bus tie breaker for buses 17 and 18 during the recirculation phase of a design-basis
accident is acceptable.
The issue regarding single service water pump operation during loss-of-coolant accident
(LOCA) recirculation has since been resolved. See Section 9.2.1.4.1. The option to use the
bus tie breaker to supply a second service water pump from a single emergency diesel
generator is retained, following appropriate evaluation by Technical Support Center staff.
Should any of the feeder breakers associated with the above safeguards components or the
480-V bus tie breaker trip due to overload, they can be reclosed from the control room. The
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emergency generator overload trip is blocked when there is a safety injection signal.
Overload trip elements on the reversing starters associated with the various motor-operated
valves can be reset at the motor control centers.
Diesel generator 1B has two series circuit breakers feeding bus 17. This arrangement reduces
the likelihood of a loss of both diesel generators in an event (such as fire or tornado) that
affects the screen house in such a way as to simultaneously fault both buses 17 and 18 and
their feeder cables.
Either diesel-generator unit is capable of supplying all power required by a full set of
engineered safety features; therefore, failure of either one can be tolerated.
8.3.1.1.6.7

Alternative Shutdown Provisions

In response to the requirements of Appendix R to 10 CFR 50, an alternative shutdown system
was installed at Ginna Station. This system provides isolation of control circuits in the 1A
diesel-generator room and also provides sufficient control features so as to allow local control
of the 1A diesel generator. The isolation of control and control power circuits outside the 1A
diesel-generator room ensures that fire damage in other fire areas cannot inhibit proper diesel
control and operation. In addition, alternative controls and instrumentation in the 1A diesel
generator room could start up and ensure continued operation of the diesel generator during
and following certain fires, including a fire that results in complete evacuation of the control
room. This ensures availability of an onsite Class 1E 480-V safeguards ac source for safe
shutdown of the plant.
8.3.1.1.6.8

Regulatory Review of Diesel-Generator Capability

A regulatory review of the onsite diesel-generator capability at Ginna Station was conducted
pursuant to the NRC Systematic Evaluation Program (SEP). It was determined that the
maximum automatically connected load to either generator was 1995 kW and the maximum
long-term automatically connected load was 1517 kW, both of which are well within the
corresponding generator ratings of 2300 kW (30-minute rating), 2250 kW (2 hour rating), and
1950 kW (continuous rating)(Reference 1). Recent analyses (References 24 and 25) provided
similar results for automatically connected loads as shown in Tables 8.3-2a and 8.3-2b.
Therefore, the total automatically connected load is within the criteria of Regulatory Guide
1.9 (Reference 4).
8.3.1.2
8.3.1.2.1

Analysis
Evaluation of Layout and Load Distribution

The physical locations of electrical distribution system equipment is such as to minimize
vulnerability of vital circuits to physical damage as a result of accidents.
Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
The redundant onsite ac power trains have no automatic transfers of loads and/or load groups,
except safety injection pump 1C and its fan will transfer automatically to bus 16 after a time
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delay if not loaded onto bus 14 when a safety injection signal is present. The manual transfer
of load groups or manual inter-connection of emergency buses have interlocks to prevent
inadvertent paralleling of redundant sources.
8.3.1.2.2

Diesel Generators

Each diesel generator is sized to start and carry the engineered safety features required during
worst case accident loading conditions. These loads are shown in Drawing 33013-0652 and
tabulated in Tables 8.3-2a and 8.3-2b.
8.3.1.2.3

Normal Power Sources

In the event that normal power should be available for actuation of Emergency Core Cooling
System (ECCS) components, the magnitudes and starting sequence of the engineered safety
feature loads are the same as stated for the diesel generator. The time required for loading is
shorter. Normal power sources may be loaded immediately so that first loading may be
energized 10 sec sooner than can be accomplished in loading of the diesel generator.
8.3.1.2.4
8.3.1.2.4.1

Reliability Assurance
Redundancy

The electrical system equipment is arranged so that no single contingency can inactivate
enough engineered safety features equipment to jeopardize the plant safety. The 480-V
engineered safety features equipment is arranged on four buses.
Two independent offsite power sources are available to supply the engineered safety features
equipment. These offsite sources each feed an independent station auxiliary transformer.
See Figure 8.1-1. Offsite circuit 7T feeds transformer 12A. Offsite circuit 767 feeds
transformer 12B. Each transformer is capable of supplying all plant engineered safety
features equipment. Breakers 12AX, 12AY, 12BX, and 12BY (see Figure 8.1-1) permit the
station auxiliary transformers to be lined up so that transformer 12A supplies one engineered
safeguards bus and transformer 12B supplies the other (50/50 mode), transformer 12A
supplies both safeguards buses (0/100 mode), or transformer 12B supplies both safeguards
buses (100/ 0 mode). The 50/50 mode is the normal configuration.
The plant auxiliary equipment is arranged electrically so that multiple items receive their
power from the two different sources. The charging pumps are supplied from the 480-V
buses 14 and 16. The four service water pumps are divided between 480-V buses 17 and 18.
The four containment fans are divided between 480-V buses 14 and 16. The two residual heat
removal pumps are on separate 480-V emergency buses 14 and 16. Valves are supplied from
motor control centers.
8.3.1.2.4.2

Sequencing Circuits

Refer to Table 8.3-1 for the engineered safety features automatic actuation sequence and
times after the initiation signal for the cases when the normal power source is available and
when only the diesel generator power source is available.
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The components of the sequencing circuits are control relays and electro-pneumatic timing
relays. One control relay or one timing relay is used to close each circuit breaker feeding
480-V three-phase power to the engineered safety features components. The control power
for the relays is supplied from the station batteries. Battery 1A supplies the sequencing
circuits for safeguards actuation train A, while battery 1B supplies the sequencing circuits for
safeguards actuation train B. The sequencing circuits for the two safeguards actuation trains
are located in separate safeguards actuation relay racks in the relay room.
When there is voltage on the associated 480-V safeguards buses (see Drawing 33013-0652),
closure of the master safety injection relay contact initiates the safeguards sequencing circuit
by energizing one control relay and seven timing relays. In train A, the control relay
immediately closes the circuit breaker 52/SIP1A to energize safety injection pump 1A. After
a 5-sec time delay, the first timing relay times out and closes its contact to close circuit
breaker 52/ SIP1C2, starting safety injection pump 1C. The second timing relay times out
after 10 sec to close circuit breaker 52/RHRP1A and start residual heat removal pump 1A. In
the same manner, each of the remaining five timing relays times out, with a 5-sec interval
between each relay, closing the circuit breakers for one service water pump, two containment
air recirculating fans, and an auxiliary feedwater pump.
The sequencing circuit for train B is similar to that described above for train A. Safety
injection pump breaker 52/SIP1B is closed instantaneously to start safety injection pump 1B.
After a 7-sec time delay, the contact of the first timing relay times out to close circuit breaker
52/SIP1C1 to start safety injection pump 1C. The next time delay relay times out 12 sec after
the initiating signal to close circuit breaker 52/RHRP1B and start residual heat removal pump
1B. The remaining timing relays time out at 5-sec intervals to start one service water pump,
two containment air recirculating fans, and an auxiliary feedwater pump.
8.3.1.2.4.3

Sequencing Relays

The sequencing relays all begin timing at the instant the circuit is energized. Each relay times
out independently. Therefore, if a timing relay fails to operate, the circuit breaker operated by
that relay will not close and the associated component will not start. However, the sequence
is not interrupted and the remaining components will be started.
The reliability of the Agastat timing relays has been proven by operating experience in many
applications and by reliability tests. Operability is further ensured by calibrations performed
periodically and system testing performed per the Surveillance Frequency Control Program.
An analytical design bases has been established for the setpoints associated with the time
delay relays used at Ginna Station. Agastat timers that require replacement use the setpoints
determined by the design analyses to ensure proper system operation. Replacement Agastat
timers must provide the necessary time delay signals consistent with the functional
requirements for each system. Each relay application is analyzed to determine the following
three tolerances or ranges:
a. The system "functional operating range" is the range within which the relay is required to
operate for the system to meet its designed operating requirements. The relay setpoints plus
all calibration tolerances must fall within the system operating range.
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b. "Calibration tolerance" defines the range within which the relay is expected to fall when
checked during periodic testing and calibration. If the setpoint is found outside of this
range, it must be recalibrated and the frequency of testing may be increased to ensure it
stays within this range.
c. The "Acceptable Drift’ is the range in which the relay’s setpoints is allowed to drift without
exceeding the relay’s design limits. This range will be used as acceptance criteria for all
Agastat relays; however, the required operating range will still be the calibration tolerance
discussed above.
Replacement relays are tested for proper setpoints and operation following installation using
plant calibration and test procedures. Both Class 1E and non-Class 1E relays are evaluated to
ensure that the relay setpoints provide the required performance.
If the sequence has started and 480-V power on the safeguards buses is interrupted, the circuit
breakers will be tripped and the sequencing relays will be deenergized by contacts of the 480V bus undervoltage relays. The timing relays reset instantaneously. When 480-V power is
restored, the 480-V bus undervoltage relays energize the sequencing circuit and the sequence
is repeated from the beginning.
8.3.1.2.4.4

Engineered Safety Features Actuation

The Engineered Safety Features Actuation System (ESFAS) at Ginna Station consists of
control relays, electro-pneumatic timers, and a series of electrical and mechanical interlocks
on each train. In general, Class 1E equipment is loaded on the safeguards buses at
approximately 5-sec intervals. The only exception is the 1C safety injection pump, which is
a "swing" pump and may be fed from either breaker 52/SIP1C2 (bus 14, train A) or breaker
52/ SIP1C1 (bus 16, train B). Bus 14 has been designated as the preferred source for the 1C
safety injection pump motor. To prevent closure of both circuit breakers, causing buses 14
and 16 to be paralleled, a network of interlocks is used.
a. Circuit breakers 52/SIP1C1 and 52/SIP1C2 are electrically interlocked such that if one
breaker is closed, the closing coil of the other breaker cannot be energized.
b. The time delay relays, associated with the 1C SIP breakers, on the train A and B sequencers
are interlocked using timed delayed contacts. This ensures that only one SIP-1C breaker is
given a closed command. In addition, a control feature exists that initiates a transfer from
bus 14 to bus 16 should the 52/SIP1C2 fail to close for any reason except an electrical fault.
In the event of an electrical fault on the 1C motor, the transfer is blocked, after closure onto
bus 14 fails, thus ensuring that both safety trains are not subject to a common fault.
8.3.1.2.4.5

Separation

The power feed from the diesel generators is run by a separate route so that if the tunnel were
lost, power to the engineered safety features would still be provided.
One outside source of power is required to give sufficient power to run normal operating
equipment. One transmission line can supply all the plant auxiliary power. The 115-kV/34.5kV station transformer 6 or transformer 7 can supply all the auxiliary loads.

Page 38 of 62

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 8 ELECTRIC POWER

8.3.1.2.4.6

Fuse Coordination

The sizing of pairs of individual circuit fuses in the plant are coordinated with source-side
fuses so as to provide selective blowing. In some cases, a minimum size ratio of 2 to 1
between the source-side fuse and the load-side fuse exists. With this sizing ratio, the
loadside fuse will clear the circuit for any condition of fault or overload without blowing the
source-side fuse. Fuses are used to provide isolation of non-Class 1E dc loads fed from the
two Class 1E battery systems. Therefore, all faults will clear before causing a bus outage.
The 480-V switchgear has automatic transfer of dc control power to an emergency supply
from the redundant train. Fuse coordination eliminates a common-mode failure mechanism
by preventing a single postulated event (automatic transfer of dc control power into a fault)
from interrupting dc control power to redundant buses.
8.3.1.2.4.7

Overload and Short Circuit Protection

All ac motors whether continuous or intermittent duty have both overload and short circuit
protection. These protective devices are sized and coordinated in order to achieve full short
circuit protection and maximize system operability. Any instantaneous tripping is set to
operate at a minimum of 1.73 times the locked rotor current. Motor-operated valves required
to operate during or after a loss-of-coolant accident are equipped with a safety injection
bypass of any thermal overload relay and/or the overload heater is sized to account for
uncertainties in favor of completing safety-related action. The bypass is activated on receipt
of a safety injection signal and remains activated until safety injection is reset. The short
circuit protection is not bypassed. This ensures operation of the motor-operated valves
required to operate during a safety injection signal in the event of abnormal current levels less
than 1.73 times locked-rotor current. This is in compliance with Regulatory Guide 1.106.
8.3.1.2.5

Instrument Bus Evaluation

Instrument buses 1A, 1B, 1C, and 1D provide 120-V ac power to instrumentation and
controls which are used to monitor and actuate systems important to the safety of the plant.
The instrument buses meet the single failure criteria of IEEE Standard 379-1972. The
inverters and static switches for instrument buses 1A and 1C meet the separation criteria of
IEEE Standard 384-1974.
The inverter, regulating transformer, and static switch combination provides an
uninterruptible supply to instrument buses 1A and 1C. Static bypass switches are solid-state
devices using semiconductors for the switching element. Maximum transfer time, including
sensing time, is 1/4 cycle. Therefore, static switch spurious trips will not affect the devices
connected to instrument bus 1A or 1C because power to the instrument bus will not be
interrupted. The backup supplies (bus 14 or 16) will be available unless the plant is already
shut down. If the plant is shut down and a static switch spurious trip occurs on one bus, the
other bus will still remain in operation.
Static switch transfer is initiated by inverter failure, overcurrent beyond the static switch,
inverter output undervoltage, or manual pushbutton. A failure in the static switch itself will
also cause automatic transfer of the load to the backup supply.
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Transfer of instrument bus 1A and 1C loads without interruption will reduce the number of
unnecessary plant trips and the associated transients resulting from failures in the inverter
feed supply. A complete failure or loss of power from both the backup and normal supplies
will place in trip mode those controls fed from the instrument bus and will normally produce
a plant trip. The only monitoring instrumentation which would be lost is that associated with
the single deenergized instrument bus.
The backup supply from bus 14 for instrument bus 1A and the backup supply from bus 16 for
instrument bus 1C improves the reliability of both instrument buses. The backup supply
cables to the constant voltage transformers meet the separation requirements of IEEE 3841974.
A single regulated supply from non-safeguards bus 13 provides the maintenance supply to
instrument buses 1A, 1B, 1C, and 1D. The maintenance supply transfer switches are used as
isolation devices, as defined by IEEE Standard 384-1974. The necessary separation between
redundant Class 1E systems and between Class 1E systems and associated systems is
accomplished with the maintenance supply transfer switches for each instrument bus.
The two 7.5-kVA single-phase circuits from instrument buses 1A and 1C affect safeguards
buses 14 and 16, respectively. One circuit from bus 14 is required to supply instrument bus
1A backup when the normal supply fails and during maintenance of the normal supply. One
circuit from bus 16 is required to supply instrument bus 1C backup when the normal supply
fails and during maintenance of the normal supply. With the additional load, the total
engineered safety features load (Tables 8.3-2a and 8.3-2b) remains below the rated load
capacity of each diesel generator for all phases of operation.
8.3.1.2.6
8.3.1.2.6.1

Loss of Offsite Power Under Accident Conditions
Operator Actions

In the event of a loss-of-coolant accident (which is considered the worst-case condition) and
with an outage of the station auxiliary transformers, it can be shown that the plant can be
maintained in a safe shutdown condition by operating the diesel generators to supply vital
loads. During other types of accidents, e.g., loss of flow or steam line break, cooldown can be
accomplished by dumping steam in conjunction with flow coastdown and natural circulation.
Operator actions to be taken under accident conditions and with the station auxiliary
transformers out of service are described below. These conditions assume that the diesel
generators have already received a start signal and are up to speed and rated voltage.
Shutdown Condition
a. Loss-of-coolant accident: Operate diesel generators to assume vital loads to maintain plant
in safe shutdown condition. If incoming power from the 115-kV switchyard is available,
the flexible generator bus disconnects (links) should be removed and power supplied from
the station unit transformer in order that the diesels may be secured and act as a backup
source.
b. Loss-of-flow accident: During hot plant conditions, dump steam as necessary in
conjunction with coolant flow coastdown and natural circulation to maintain plant
temperature
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within permissible range. Operate diesel generators to assume vital loads to maintain safe
plant shutdown. During cold plant conditions, operate residual heat removal system to
maintain temperature below 200F.
c. Steam line break accident (only applicable to hot plant condition): Operate diesel
generators to assume vital loads to maintain safe plant shutdown. Dump steam in
conjunction with flow coastdown and natural circulation to reduce plant temperature
below 200F.
While the two diesel generators are in service, the 4160-V buses can be restored using the
115-kV system and transformer 11 in 8 hours or less. This limits the time the two diesels are
the sole source of power to 8 hours or less.
Startup Condition
The actions would be the same as for a shutdown condition, except the startup would be
terminated and the reactor tripped prior to initiating these actions:
Power Operating Condition
a. Loss-of-coolant accident: Operate diesel generators to assume vital loads to maintain
reactor in safe shutdown condition. If power is available from the 115-kV switchyard,
remove flexible generator bus disconnects (links) , and transfer emergency load to station
unit transformer in order that the diesel generator can be secured and used as a backup
source.
b. Loss-of-flow accident: Operate diesel generators to assume vital loads to maintain plant in
safe shutdown condition. Dump steam in conjunction with coolant coastdown and natural
circulation to maintain temperature in permissible range.
c. Steam line break accident: Operate diesel generators to assume vital loads to maintain
plant in safe shutdown condition. If possible, dump additional steam in conjunction with
coolant flow coastdown and natural circulation to reduce plant temperature below 200F.
Transfer vital loads to station unit transformer and secure the diesel generators when access
can be gained to the turbine building to remove generator bus disconnects (links) .
8.3.1.2.6.2

Reliability Assurance

Based on the foregoing discussion, it can be concluded that the electrical power system,
utilizing two station auxiliary transformers fed from two independent sources plus two
independent diesel generators (as shown in Figure 8.1-1), provides a reliable and flexible
power system, capable of supplying the necessary plant equipment required under postulated
outages with accident conditions existing. The bases for this conclusion follow:
a. The emergency diesel-generator power supply has been provided with sufficient capacity
and redundancy to permit failure of a unit to start, with the remaining unit capable of
supplying the vital loads necessary for safe plant shutdown. The engine is equipped with
jacketwater and lube-oil heating, which maintain temperatures at a level to permit
immediate load acceptance. A motor-driven lube-oil pump runs continuously until the
engine is started, so that engine bearings are always lubricated and ready for operation.
Therefore, the emergency diesel generators do not undergo cold fast starts.
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b. A rigid program of preventative maintenance and testing is carried out to ensure that the
diesel generators are maintained in a ready state and transformer failures are reduced to a
minimum. Surveillance testing is performed monthly, and during these tests the diesels are
run for a minimum of 1 hour at its continuous kW rating.
c. Emergency procedures are in effect to handle accident conditions under postulated power
outages.
d. Sufficient quantities of diesel fuel oil will be on hand or in reserve to operate the diesel
generators during any postulated power outage or accident condition. Information on
diesel fuel oil capacities and availability is found in Section 9.5.4. Diesel fuel tanks are
emptied, cleaned, and refilled with fresh fuel in accordance with the preventive
maintenance program.
e. Provisions have been made to supply power to the station unit a transformer from the 115kV grid after disconnecting the generator.
f.

The probability of losing one station auxiliary transformer is low, based on reliability of
these transformers. When considered in conjunction with a plant accident that requires
shutdown of the plant, the probability is even less. However, in the event one transformer
fails the second transformer is immediately available. The probability of losing both station
auxiliary transformers is very low.

See Section 8.1.4.4 for additional safety features in case of station blackout.
8.3.1.2.7

Degraded Grid Voltage

The "degraded-grid-voltage" issue was first considered by the NRC in 1976 following a
degraded grid condition at an operating plant. (Reference 5) A subsequent event at a second
operating plant brought into question the conformance of the station electric distribution
system to General Design Criterion 17. (Reference 6) Both of these items were ultimately
resolved as part of the NRC SEP. The SEP evaluated the adequacy of protection against
degraded grid voltages, as discussed in Section 8.3.1.2.7.1. The SEP also evaluated the
adequacy of onsite power system voltages, as discussed in Section 8.3.1.2.7.2.
8.3.1.2.7.1

Susceptibility to Degraded Grid Voltage Conditions

By Reference 7, the NRC requested RG&E to assess the susceptibility of Ginna Station to
sustained degraded voltage conditions and to assess the interaction between offsite and onsite
emergency power systems. RG&E responded to the NRC request and in Reference 8 the
NRC concluded that the Ginna Station design was adequate based on the following
considerations:
a. The Ginna Station Technical Specifications address degraded voltage protection. The
Technical Specifications define the maximum times (determined by equipment
manufacturers) that Class 1E equipment can operate for various degraded voltages without
causing equipment damage, loss of equipment life, or a reduction in ability of equipment to
perform required functions. The loss-of-voltage setpoint ensures that Class 1E motors will
start and be loaded onto diesel generator within the time assumed in the accident analysis
(Chapter 15). The Technical Specifications also define maximum allowable time delays of
various
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bus voltage levels before protective relaying action must be initiated to preclude any loss of
service life of the motors. In addition, the time delays are long enough to override short bus
voltage transients due to motor starting. Relays are tested periodically to ensure that they
comply with the Technical Specifications.
b. The second level of voltage protection (degraded voltage condition) uses two-out-of-two
coincident logic and is integrated into the logic scheme for the first level of voltage
protection (loss-of-voltage condition). The loss-of-voltage protection has been upgraded
and also requires coincident logic to trip. The logic automatically disconnects offsite
power from Class 1E safeguards buses experiencing degraded voltage and initiates a
voltage restoration for onsite emergency diesel generators. The relays and relaying scheme
comply with IEEE 308-1974 and IEEE 279-1971.
c. In order to protect Class 1E equipment from unsatisfactory bus voltages, the undervoltage
setpoints and time-delay values have been chosen to allow retention of the load-shedding
feature even after emergency buses are being supplied by onsite sources. The loadshedding setpoints are chosen such that relay operating drift will not cause spurious trips of
the onsite sources while Class 1E loads are being sequenced onto the buses. (Reference
28)
8.3.1.2.7.2

Adequacy of Onsite Power System Voltages

By Reference 6, the NRC requested RG&E to conduct an analysis to determine if the Ginna
Station onsite power distribution system, in conjunction with offsite power sources, has
sufficient capacity and capability to automatically start and operate all required safety loads
within equipment voltage ratings. In response to the NRC request, RG&E performed an
analysis based on an interactive computer load flow program that modeled the entire Ginna
Station electrical distribution system. The NRC reviewed the RG&E analysis and, in
Reference 9, concluded that the Ginna Station design was acceptable based on the following
considerations:
a. Under worst-case conditions, the Class 1E equipment will automatically start and continue
to operate within their voltage design ratings.
b. The voltage at the Class 1E equipment will not exceed the upper design voltage rating
under maximum offsite voltage and minimum plant loading conditions.
c. The analysis submitted was verified by test. The test data indicate that the analytical
results are lower than actual measured values; thus the model is conservative with
acceptable percentage error differences.
d. Spurious trips will not occur for the voltages and plant operating conditions analyzed.
8.3.1.3

Containment Electrical Penetrations

General Design Criterion 50 requires that containment penetrations be designed so the
containment structures can, without exceeding the design leakage rate, accommodate the
postulated environment resulting from a loss-of-coolant accident. IEEE 317, Reference 10,
augmented by Regulatory Guide 1.63, Reference 11, provides electrical penetration design
bases acceptable to the NRC staff.
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The Ginna Station containment electrical penetrations are listed in Table 8.3-3. The
penetrations have been shown to maintain structural integrity when subjected to mechanical
stresses caused by large magnitude fault currents. The manufacturer has conducted tests at
current levels higher than those available at Ginna. The tests indicated that no seal failures
occurred on the high-energy penetrations when subjected to the design-basis fault currents.
In addition, an RG&E study has shown that the penetrations can adequately handle the
heating effects due to all levels of abnormal fault currents. These currents are assumed to be
sustained for a period of time equal to the time for the backup circuit breaker to detect and
clear a fault condition. The details of the evaluation can be found in References 12, 13, 14,
15 and 16.
8.3.1.4

Independence of Redundant Systems

Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. Specific criteria for evaluating routing and separation issues
associated with cables are provided in Reference 26.
8.3.1.4.1

Criteria Relating to Cable-Tray Loading and Separation

The following criteria were established for cable-tray loading and separation.
4160-V Power Cable
a. Generally, this power cable is routed in trays and/or a conduit designated for high-energy
power circuits.
b. Cable load capacity in the original design was derated by using a 0.81 factor.
480-V Power Cable
A. Generally, the 480-V power cable is routed in trays designated for power circuits and not
instrumentation and control.
B. Emergency diesel-generator feeders to buses 14 and 16 are separated, as are the feeders to
buses 17 and 18.
C. Control cables are mixed in some cases with 480-V low power cable, size number 6 and
smaller.
D. Tray loadings of 50% physical fill are typical; there are exceptions where some trays
approach 100% fill. However, in all cases thermal loading has been considered. In the
original design derating factors of 0.6 for 480-V power cable size number 4 and larger and
0.5 for size number 6 and smaller were used. In the case of the 480-V pressurizer heater
cables, extra spacing has been provided around the cables and a derating factor of 0.5 has
been used. With the use of these derating factors, the trays as filled are acceptable.
For modifications or design analyses performed after 1991 the criteria used for determining
ampacity and derating factors in 480-V and 4160-V power cables in open top cable trays is
that developed in ICEA P-54-440/NEMA Standard WC51, "Ampacities of Cables in Open
Top Cable Trays."
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Control Cable
In general, control cable trays are not filled above 100% of their physical capacity. However,
there are areas where the cable fill may be over 100%. In all cases, however, thermal loading
and seismic effects have been considered and these trays are acceptable as filled.
Instrument Cable
In general, instrument cable trays are not filled above 100% of their physical capacity.
However, there are areas where the cable fill may be over 100%. In all cases, however,
thermal loading and seismic effects have been considered and these trays are acceptable as
filled.
8.3.1.4.2

Separation of Redundant Circuits

The following criteria were established for separation of redundant circuits.
A. All components requiring redundant cabling, as well as the cabling for redundant
components, have been identified and the redundant power, instrumentation, and control
cables are run separately.
1.

There is four-channel separation for the reactor protection and safeguards
instrumentation circuits. This separation is maintained from the sensor through the
analog racks to the logic or relay cabinets.

2.

Logic output control and power cables for the operation of redundant components in
safety-related or engineered safety features systems are routed separately, except
where cable trays converge at the control board. The location of redundant component
wiring in the control board requires that these cables converge in this area.

3.

Undervoltage control cabling for bus 17 is not routed separately from redundant
cabling in the west side of tray SH3, located in the basement of the screen house.
There is no single contingency that can impair these cables in tray SH3 and inactivate
enough engineered safety features equipment to jeopardize plant safety. Tray SH3 is
not vulnerable to damage from mechanistic effects, and internal cable faults will not
affect the independence of redundant undervoltage control cable in the west side of
tray SH3.

B. Direct current control power from the station batteries is run in underground duct,
separated, and apart from the cable tunnel, in order to maintain the necessary control in
the event of an emergency.
C. The physical separation between redundant power, control, and instrument cable trays is
generally a minimum of 5 in. vertically and 2 in. horizontally. An effort has been made to
maintain maximum separation between trays, and in most cases has been accomplished,
with separation of as much as 1 ft or more.
The means of achieving physical separation between redundant cables for power, control,
and instrument systems is by use of a galvanized sheet metal barrier in cable trays. Boardtype barriers made of refractory materials, such as Marinite®, are also used in some cases
to achieve electrical separation of cables.
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D. There are three different locations on the containment where electrical penetrations are
made. The three locations are widely separated. The physical separation of the penetration
cartridges within the particular area is determined by the concrete reinforcing bars. The 10in. penetration sleeves are spaced on minimum vertical spacing of 2-ft centers as dictated
by the reinforcing.
8.3.1.4.3

Quality Assurance

Redundancy requirements for new modifications are initiated by the cognizant discipline
(electrical) system designer. The designer prepares the applicable circuit schedule sheet
(designating the cable routing and termination), which is checked by the cognizant electrical
engineer.
The construction group installs the cable as directed by the circuit schedule sheet. When the
circuit is completed, the foreman of the installing crew verifies that it was properly installed.
The installations are monitored by field engineers and complete checks of all Class 1E
circuits are made to further ensure that the installation is consistent with the design.
With respect to the initial cable installation, Westinghouse had direct responsibility for plant
design and construction but RG&E field engineers also checked to ensure that cable
installation met established criteria.
8.3.2
8.3.2.1
8.3.2.1.1

DIRECT CURRENT POWER SYSTEMS
Description
Direct Current System

The basic components of the direct current portions of the station electrical system are shown
in Drawing 03202-0102.
The 125-V dc system is divided into two buses with one battery and two battery chargers
(supplied from the 480-V system) serving each. The battery chargers supply the normal dc
loads as well as maintaining proper charges on the batteries.
Two 60-cell, lead-acid, 1495 amp-hr stationary batteries (1A and 1B) are provided for power
supply for control, emergency lighting, and the inverters for critical 60-cycle instrument
power. Control power for all 4160-V and 480-V switchgear sections and for each dieselgenerator can be supplied from either battery.
Two batteries provide separate sources of dc power. The train A engineered safety features
equipment is supplied from battery 1A while train B engineered safety features equipment is
supplied from battery 1B. In addition, the 480-V engineered safety features switchgear and
diesel-generator control panels are supplied from either battery by means of an automatic
transfer circuit in the switchgear and control panels. The normal supply from train A (switchgear buses 14 and 18 and diesel generator 1A) is from dc distribution panels 1A in the
auxiliary building, diesel generator building, and screen house. These panels also provide the
emergency dc supply for train B (switchgear buses 16 and 17 and diesel generator 1B).
Similarly, dc distribution panels 1B in the auxiliary building, diesel generator building and
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screen house provide the normal supply for switchgear buses 16 and 17 and diesel generator
1B and the emergency supply for switchgear buses 14 and 18 and diesel generator 1A. In the
event of loss of the normal Class 1E battery supply, throwover contactors automatically
transfer the load to the emergency supply (other battery). The alarm relays for the diesel
generators actuate main control board annunciators. The distribution panels are shown in
Drawing 03202-0102.
Battery testing is conducted in accordance with the Technical Specifications. A standard
IEEE-450 discharge test verifies that battery capacity is at least 80% of the manufacturer's
recommendations.
120-V ac instrument bus 1A is supplied by inverter 1A from battery 1A through main dc
distribution panel 1A switch 15. 120-V ac instrument bus 1C is supplied by inverter 1B from
battery 1B through main dc distribution panel 1B switch 15. The 120 Vac instrument power
connections are shown on Drawing 03201-0102. One channel of wide range containment
pressure and steam generator B pressure instrumentation (P950 and P479) is fed from a
separate inverter (MQ 483), which is supplied by battery 1A through the main control board
dc distribution panel 1A switch 14. See Drawing 03202-0102.
8.3.2.1.2

Battery Room

The two station batteries are in the basement of the control building. This locates the batteries
within a Seismic Category I area and makes them fully accessible at all times. The batteries
are seismically qualified to the requirements of IEEE 323-1983 and IEEE 344-1987. Each
battery is provided with a rack designed to withstand earthquake forces. Bracing is provided
to keep the cells from falling from the racks during an earthquake, and blocking is provided
between the cells to prevent cell breakage through bumping together. The two batteries are
physically separated by a 2-hr fire wall.
Supplemental heating and cooling to the battery rooms is provided by a nonseismic air
conditioning unit, with associated service water piping, ventilation ductwork, electric heating
coil, and fire dampers. The electric heating coil is seismically mounted in the heating,
ventilation, and air conditioning unit discharge duct. The unit is controlled by thermostats
located in each battery room. The system is designed to maintain the battery room space
temperature within the normal operating temperature range and not adversely affect the
storage capacity of the batteries. The unit and associated ductwork and piping are designed
to function during all plant modes. Although the overall design is nonseismic, the piping
and ductwork are designed to maintain structural integrity during a design-basis earthquake.
Each battery room has an ac-powered propeller exhaust fan that takes suction from the area
to remove hydrogen gas generated by the batteries. Also, there is a separate emergency dcpowered ventilation system that is manually actuated in the event of low air flow in the
ductwork of either of these battery room exhaust fans. Loss of battery room ventilation is
alarmed in the control room. (See also Section 9.4.9.3.)
8.3.2.1.3

Battery Chargers

There are four battery chargers available to the station batteries, each with a capacity of 200
amps. Chargers A (BYCA) and B (BYCB) are current limited to 165 amps. Chargers A1
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(BYCA1) and B1 (BYCB1) are rated at 200 amps. The normal configuration is for chargers
A1 and B1 to be in service, and chargers A and B to be in standby mode. Battery chargers A
and A1 are normally aligned to battery A (BTRYA) , and battery chargers B and B1 are
normally aligned to battery B (BTRYB).
8.3.2.1.4

Technical Support Center Battery

A third 60-cell, lead-acid, 2880-amp-hr station type battery was installed in the technical
support center. This new battery and 500-amp charger supply power to the uninterruptible
power supply to the plant process computer. The uninterruptible power supply is designed to
provide continuous power for up to 3 hours during loss of its normal power supply and failure
of the technical support center diesel generator to start. It also supplies dc power to the
turbine emergency bearing oil pump, airside seal oil backup pump, circulating water discharge
valves (V-3150 and V-3151), the 4-kV breaker test cabinet, and the anticipated-transientwithout-scram (ATWS) mitigation system actuation circuitry (AMSAC) inverter. The
AMSAC inverter supplies 120-V ac power to the AMSAC system FOX-3 rack that powers
the AMSAC modules. The technical support center battery is capable of supplying both
safeguards dc trains in the event of an emergency.
However, the system is designed with an intertie between each of the two main (A and B)
distribution panels and the technical support center panel so that either Class 1E battery and
its chargers can be removed from service. This intertie is utilized only during maintenance,
testing, or abnormal plant conditions. The intertie is also configured so both Class 1E battery
systems can be paralleled simultaneously through the technical support center battery (see
Drawing 03202-0102). Procedures permit this condition only during specific 10 CFR 50
Appendix R conditions in which some process instrumentation from both trains is required
for long-term cooldown.
Paralleling both safety-related dc trains is restricted by two separate key locks on the
throwover switches and separate locked disconnect switches in each battery room.
The technical support center battery is tested periodically. Monthly, the specific gravity of
selected cells is tested. Quarterly, the specific gravity of all cells is tested.
8.3.2.2

Analysis

Each of the two station batteries is capable of carrying its expected shutdown loads following
a plant trip and a loss of all ac power for a period of 4 hours without battery terminal voltage
falling below 108.6 V. Major loads with their approximate operating times for the four hour
coping period on each battery are listed in Table 8.3-4 (Reference 27) and shown in Drawing
03202-0102.
Each of the four battery chargers has been sized to recharge either of the above partially
discharged batteries within 24 hours while carrying its load.
At least one battery charger on each battery shall be in service for each battery so that the
batteries will always be at full charge in anticipation of a loss-of-offsite-power incident. This
ensures that adequate dc power will be available for starting the emergency diesel generators
and other emergency uses.
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Automatic transfer of 125-V dc load groups from train A to train B (or vice versa) occurs in
fifteen locations. Six throwover relays provide control power for the six 480-V buses, two
throwover relays provide control power for the two diesel generator control panels, two
throwover relays provide control power for the four switchgear breakers (12AX, 12AY,
12BX, 12BY), four throwover relays provide control power for buses 14, 16, 17 and 18
undervoltage system, and one throwover relay provides control power to main control board
annunciator panels A through L. The throwover relays automatically transfer load to the
redundant train on loss of power from the normal source. Each load automatically transfers
back to the normal supply when the normal supply is restored.
Three abnormal battery conditions are alarmed in the control room. First, an alarm will
activate if voltage on either bus decreases to 110 V. The alarming bus can be identified by
monitoring separate bus voltmeters located on the control board. Low-voltage annunciation
provides warning of a change from normal conditions before they reach critical voltage
conditions. Second, an alarm will activate if the output from a battery charger is lost. Local
instrumentation is used to identify the affected battery charger. Third, an alarm will activate
for a ground on either battery. The affected battery is identified by a local ground light on the
respective main battery charger.
In addition a battery load flow monitor system monitors current magnitudes and direction for
each of the station batteries. The system provides visual displays of the direction and
magnitude of current going into and out of each battery locally in the battery room and
remotely in the main control room. The system annunciates abnormal battery conditions and
loss of continuity of battery circuits both locally and in the main control room. The system
provides a separate group alarm for the vital batteries, which activates when either battery
indicates a high voltage (greater than 140 V), low voltage (less than 132 V), low charging
rate, or negative (discharging) rate. The charger alarm will respond to charger current levels
of zero or less. This system, along with the three abnormal battery condition alarms, affords
complete indication of abnormal dc system conditions.
In a generic letter to licensees, Generic Letter 91-06, on April 29, 1991, the NRC staff
identified actions to be taken by licensees related to Generic Issue A-30, Adequacy of Safety
Related DC Power Supplies. Rochester Gas and Electric Corporation responded (Reference
17) to the generic letter with detailed information on the safety-related direct current system
at Ginna Station including the control room alarms/indications and response procedures
associated with the battery monitoring system; existing maintenance, surveillance, and
testing procedures associated with the batteries and battery chargers; justification for
negative responses to questions presented in the generic letter; and procedural changes that
would be implemented to comply with the recommendations of the generic letter. The NRC
action with respect to Generic Letter 91-06 was completed upon transmittal to RG&E
(Reference 18) of their finding that RG&E’s responses satisfied the reporting requirements of
the generic letter.
8.3.2.3

Direct Current Fuse Coordination

As a result of SEP Topic VI-7.C.1, Independence of Redundant Onsite Power Systems,
specific design requirements have been established and implemented to provide dc fuse.
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coordination. There are two redundant Class 1E 125-V dc distribution systems, each
consisting of a main fuse and a series of branch fuses. Branch fuses usually feed panels with
smaller branches and sub-branches. Certain branch fuses feed supplementary overcurrent
protection fuses. The supplementary fuses supply discreet loads within equipment and are
generally not coordinated. All main and branch fuses (not supplementary overcurrent fuses)
are treated as isolation devices. An isolation device prevents malfunctions in one section of a
distribution system from causing unacceptable influences in other sections of that system.
Non-Class 1E circuits are electrically isolated from Class 1E circuits by these isolation
devices.
All fuses used as isolation devices in the distribution systems are required to be coordinated,
which is generally defined as being able to carry design basis currents for all loads. In
addition, isolation devices closest to a fault must clear prior to the clearing or degrading of the
upstream fuses. Coordination is demonstrated provided that the following more detailed
requirements are satisfied:
A. All branch fuses must continuously carry worst-case credible loads without interruption of
service under accident temperature conditions. Worst-case credible loads are the sum of all
Class 1E and non-Class 1E components within a load group; that is, all components fed by
a branch fuse are assumed to be operating at the same time.
B. All main fuses (those that supply branch fuses) are sized to carry the combination of all
Class 1E worst-case credible load currents plus 125% of all non-Class 1E normal loads.
C. Isolation is demonstrated by maintaining a minimum main to branch fuse ratio depending
on the operating characteristics of the fuses. In addition, where a large number of branches
are supplied by a main fuse, the effects of the branch circuits carrying normal load current
must be combined along with the largest faulted branch to ensure that the main fuse will not
be degraded or blow.
D. Actual response characteristics are developed and used along with the I2t values (for 30amp fuses and above) when different types of fuses are being coordinated.
A mixture of time delay, general purpose, and fast-acting fuses are used in the dc distribution
systems. Various combinations are made to coordinate with each other.
The main and branch fuses used in the dc distribution system must have a minimum dc rating
of 140 V.
Since the Class 1E distribution systems supply both safeguards and non-safeguards loads, the
interconnections between Class 1E and non-Class 1E loads must not result in a degradation of
the safety systems. The fuses supplying the nonessential loads are therefore considered
isolation devices and must meet Class 1E requirements. The specific criteria in IEEE 308
governing the connection and disconnection of non-safety-related distribution buses apply. In
addition, the separation requirements of IEEE 384-1981 also apply to the extent practical
given the existing plant configuration. Where IEEE 384-1981 cannot be met, the separation
criteria of Section 8.3.1.4 must be met.
The dc distribution system fed from the Class 1E vital batteries has been analyzed, upgraded
if required, and tested to meet the dc fuse coordination requirements. All fuses fed from the
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Class 1E vital batteries are included in the Ginna Station configuration control program and
changes in dc fuses are controlled through the configuration control program.
8.3.3

FIRE PROTECTION FOR CABLE SYSTEMS

Information on fire protection systems and practices at Ginna Station is contained in Section
9.5.1. Information on fire protection for cable systems is also given below and in References
19 through 23.
In general, motor and transformer feeder cables are rated on a continuous basis at 115% of
full load current. This provides for motor operation at service factor rating. Tray loadings of
50% physical fill are typical; there are exceptions where some trays approach 100% fill.
However, in all cases thermal loading has been considered. In the original design, derating
factors of 0.6 for 480-V power cable size number 4 and larger and 0.5 for size number 6 and
smaller were used. In the case of the 480-V pressurizer heater cables, extra spacing has been
provided around the cables and a derating factor of 0.5 has been used. With the use of these
derating factors, the trays as filled are acceptable. For modifications or design analyses
performed after 1991 the criteria used for determining ampacity and derating factors in 480V and 4160-V power cables in open top cable trays is that developed in ICEA P-54440/NEMA Standard WC51, "Ampacities of Cables in Open Top Cable Trays".
Fire barriers are used at cable trays and cable runs where they enter or leave a designated fire
area. There are fire barriers where the cable trays enter the relay room, auxiliary building,
and where vertical trays pass through floor openings.
Alternating current circuits within the plant are protected by circuit breakers. Direct current
circuits are protected by fuses. The use of circuit breakers provides three-phase isolation of a
circuit that is not guaranteed by using fuses for three-phase circuits, since the operation of any
thermal element of the breaker opens all three phases of the breaker.
Non-segregated, metal-enclosed 4160-V buses are used for all major bus runs where large
blocks of current are to be carried. The routing of the metal-enclosed buses minimizes its
exposure to mechanical, fire, and water damage.
Power circuit cables were established on the basis of the maximum ambient temperature
expected, the current requirements of the respective equipment, and the designed cable tray
loading. An ambient temperature of 50C within the reactor containment and an ambient
temperature of 40C in all other plant areas are the design-basis ambient temperatures for all
power cable ratings.
The application and routing of control, instrumentation, and power cables minimizes their
vulnerability to damage from any source. All cables are designed using conservative margins
with respect to their current carrying capacities, insulation properties, and mechanical
construction. Power cable insulation in the reactor building has fire-resistant sheathing,
selected to minimize the harmful effects of radiation, heat, and humidity. Appropriate
instrumentation cables are shielded to minimize induced voltage and magnetic interference.
Wire and cables related to engineered safety features and Reactor Trip System (RTS) are
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routed and installed to maintain the integrity of their respective redundant channels and protect
them from physical damage.
The station auxiliary transformers, the station unit transformer, and the generator step-up
transformer are located outdoors, physically separated from each other.
Lightning arresters are used where applicable for lightning protection. All outdoor
transformers are covered by automatic water spray systems to extinguish oil fires quickly and
prevent the spread of fire. Transformers are spaced to minimize their exposure to fire, water,
and mechanical damage.
The 4160-V switchgear and 480-V load centers are located in areas that minimize their
exposure to mechanical, fire, and water damage. This equipment is properly coordinated
electrically to permit safe operation of the equipment under normal and short circuit
conditions.
The 480-V motor control centers are located in the areas of electrical load concentration.
Those associated with the turbine-generator auxiliary system in general are located below the
turbine-generator operating floor level. Those associated with the nuclear steam supply
system are located in the auxiliary building.
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Table 8.3-1a
ENGINEERED SAFETY FEATURES ACTUATION (ESFAS) SEQUENCE ACTION
(TRAIN A)
Time (Sec)

(Train B action similar)

0

Starting signal will be given to emergency generator 1A.

0

Trip signals will be given to the following 480-V bus tie breakers; 52/BT 16-14,
52/BT 16-15, 52/BT 14-13, and 52/BT 17-18. Administrative procedure is such
that breakers 52/BT 16-14 and 52/BT 17-18 shall be open during normal plant
operation. Thus, in effect, the only tie breakers that could need to be tripped are
52/BT 14-13 and 52/BT 16-15.

0

All non-safeguards loads on buses 14 and 18 will be given trip signals.

Note:

With outside power available, the sequence will follow that given in the dieselgenerator loading tabulation shown in Table 8.3-1b. In this case, 10 sec should be
subtracted from the times given in Table 8.3-1b starting with "Safeguards buses
energized."

Without outside power the automatic sequences will proceed as follows:
0

All loads will be tripped off buses 14 and 18 with the exception of the safeguards
motor control center 1C and the containment spray pump.

10

Emergency generator 1A will have started and reached no-load speed and voltage
at which time the breakers connecting it to buses 14 and 18 will close.

10 to 45

The sequence will follow that given in Table 8.3-1b.
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Table 8.3-1b
ENGINEERED SAFETY FEATURES ACTUATION (ESFAS) SEQUENCE ACTION DIESEL GENERATOR LOADING
Bus 14 and 18 - Train A
Time
(sec)

Bus 16 and 17 - Train B

(Generator 1A)

Time (Generator 1B)
(sec)

0

Safety injection signal

0

Safety injection signal

10

Safeguards buses energized

10

Safeguards buses energized

15

Safety injection pump 1A running

15

Safety injection pump 1B running

20

Safety injection pump 1C running

22

(If sequencing timer 2/SIP1C2 fails to
operate) safety injection pump 1C
running

25

Residual heat pump 1A running

27

Residual heat pump 1B running

30

Service water pump 1A or 1C running,
selected prior to accident, i.e.,
preselected

32

Service water pump 1B or 1D running,
selected prior to accident, i.e.,
preselected

35

Containment fan 1A running

37

Containment fan 1B running

40

Containment fan 1D running

42

Containment fan 1C running

45

Auxiliary feedwater pump 1A running 47

Containment spray pump 1A running

a

a.

Auxiliary feedwater pump 1B running

52

(If sequencing timer 2/SIP1C2
operates and BKR1C2 does not
close) safety injection pump 1C
running

a

Containment spray pump 1B running

May be loaded onto safeguards buses anytime after buses are energized
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Table 8.3-2a
DIESEL GENERATOR LOADING (TRAIN A)
Injection Phase
Recirculation
Recirculation
(Ref. 24, Table 13) Phase (High Head) Phase (Low Head)
(Ref.24, Table 14) (Ref. 24, Table 15)
Engineered Safety Features
Load

Quantity

Power
(kW)

Quantity

Power
(kW)

Quantity

Power
(kW)

Safety Injection Pumps

2

301

2

301

0

0

Residual Heat Removal
Pump

1

125

1

145

1

145

Service Water Pump

1

266

2

266

2

266

Containment Air
Recirculating Fans

2

200

2

145

2

145

Auxiliary Feedwater Pump

1

230

0

0

1

230

Containment Spray Pump

1

191

0

0

0

0

Component Cooling Water
Pump

0

0

1

127

1

127

Motor Control Center
Loading

1

144

1

171

1

172

Excitation Losses
and Crankcase Exhaust
Motor

1

17

1

17

1

17

Cable Losses

1

35

1

24

1

18

TOTAL ENGINEERED
SAFEGUARDS LOAD
a.

2010a

1908a

1531a

NOTE: Rounding of individual loads causes the total load to be conservatively higher than
predicted within the following references.

Page 57 of 62

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 8 ELECTRIC POWER

Table 8.3-2b
DIESEL GENERATOR LOADING (TRAIN B)
Injection Phase
Recirculation
Recirculation
(Ref. 25, Table 13) Phase (High Head) Phase (Low Head)
(Ref.25, Table 14) (Ref. 25, Table 15)
Engineered Safety Features
Load

Quantity

Power
(kW)

Quantity

Power
(kW)

Quantity

Power
(kW)

Safety Injection Pumps

2

301

2

301

0

0

Residual Heat Removal
Pump

1

125

1

145

1

145

Service Water Pump

1

266

2

266

2

266

Containment Air
Recirculating Fans

2

200

2

145

2

145

Auxiliary Feedwater Pump

1

230

0

0

1

230

Containment Spray Pump

1

191

0

0

0

0

Component Cooling Water
Pump

0

0

1

127

1

127

Motor Control Center
Loading

1

136

1

162

1

164

Excitation Losses
and Crankcase Exhaust
Motor

1

17

1

17

1

17

Cable Losses

1

34

1

25

1

18

TOTAL ENGINEERED
SAFEGUARDS LOAD
a.

2001a

1900a

1523a

NOTE: Rounding of individual loads causes the total load to be conservatively higher than
predicted within the following references.
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Table 8.3-3
CONTAINMENT ELECTRICAL PENETRATIONS
Penetration
Number

Manufacturer

Circuit Descriptiona

AE-1

Crouse-Hinds

Containment air recirculation fan 1C

AE-2

Crouse-Hinds

Pressurizer heaters

AE-3

Crouse-Hinds

Motor-operated valves and pressurizer heater groups 21, 22,
and 23

AE-4

Crouse-Hinds

Containment air recirculation fan 1B

AE-5

Crouse-Hinds

Pressurizer heaters

AE-6

Crouse-Hinds

Reactor compartment fans 1A/1B, pressurizer heater groups
24, 25, and 26, and lighting transformer 1D

AE-7

Crouse-Hinds

Motor-operated valves and reactor compartment fans 1A/1B

AE-8

Crouse-Hinds

Solenoid-operated valves and instrumentation and control

AE-9

Crouse-Hinds

Spare

AE-10

Crouse-Hinds

Instrumentation and control

AE-11

Crouse-Hinds

Instrumentation and control

AE-12

Westinghouse

Instrumentation and control

AE-13

Crouse-Hinds

Reactor coolant pump 1B

AE-14

Crouse-Hinds

Reactor coolant pump 1B

BE-1

Crouse-Hinds

In-core instrumentation

BE-2

IST Conax

Fiber Optic

BE-3

Crouse-Hinds

In-core instrumentation and hydrogen recombiner 1B

BE-4

Crouse-Hinds

In-core instrumentation

CE-1

Crouse-Hinds

Instrumentation and control and microprocessor rod position
indication

CE-2

Crouse-Hinds

Instrumentation and control

CE-3

Westinghouse

Instrumentation and control

CE-4

Crouse-Hinds

Instrumentation and control

CE-5

Crouse-Hinds

Instrumentation and control

CE-6

Crouse-Hinds

Instrumentation and control

CE-7

Crouse-Hinds

Instrumentation and control

CE-8

Crouse-Hinds

Power and intermediate range detectors

CE-9

Crouse-Hinds

Power and source range detectors
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Penetration
Number

Manufacturer

Circuit Descriptiona

CE-11

Crouse-Hinds

Power and intermediate range detectors

CE-12

Crouse-Hinds

Power and source range detectors

CE-13

Crouse-Hinds

Control rod drive lift coils

CE-14

Crouse-Hinds

Control rod drive gripper coils

CE-15

Crouse-Hinds

Control rod drive lift coils, Control rod shroud fan 1A

CE-16

Crouse-Hinds

Control rod drive lift coils

CE-17

Crouse-Hinds

Control rod drive gripper coils

CE-18

Crouse-Hinds

Control rod drive lift coils

CE-19

Crouse-Hinds

Motor-operated valves and instrumentation

CE-20

Crouse-Hinds

Control rod shroud fan 1B

CE-21

Crouse-Hinds

Containment air recirculation fan 1A

CE-22

Crouse-Hinds

Smoke and fire detectors

CE-23

Crouse-Hinds

Motor-operated valves and instrumentation

CE-24

Crouse-Hinds

Containment air recirculation fan 1D

CE-25

Crouse-Hinds

Reactor coolant pump 1A

CE-27

Crouse-Hinds

Reactor coolant pump 1A

CE-29

Crouse-Hinds

Instrumentation and solenoid-operated valves

CE-30

Westinghouse

Radiation monitors

CE-31

Westinghouse

Radiation monitors

CE-32

Crouse-Hinds

Instrumentation and solenoid-operated valves

CE-33

Crouse-Hinds

Instrumentation and solenoid-operated valves

CE-34

Westinghouse

Radiation monitors

b

a.

Only the major circuit descriptions are listed for each penetration.

b.

Penetration Number CE-10 no longer exists.

Page 60 of 62

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 8 ELECTRIC POWER

Table 8.3-4
MAJOR BATTERY LOADS
Battery A Loading (Loads > 10 Amps)
Load

Current

Time Frame

Inverter A/Auxiliary Loads

127 amps

0-4 hours

MOV 3505A (Starting)

82 amps

0-1 minutes

Feedwater Pump A dc Lube Oil Pump (Starting)

83 amps

0-1 minutes

Circuit Breaker Tripping

82 amps

0-1 minutes

Feedwater Pump A dc Lube Oil Pump (Running)

16 amps

1-12 minutes

Circuit Breaker Closing/Field Flash

61 amps

239-240 minutes

MCB Annunciators A-L

16 amps

0-4 hours

Battery B Loading (Loads > 10 Amps)
Load

Current

Time Frame

Inverter B/Auxiliary Loads

114 amps

0-4 hours

MOV 3504A (Starting)

82 amps

0-1 minutes

Feedwater Pump B dc Lube Oil Pump (Starting)

82 amps

0-1 minutes

Circuit Breaker Tripping

82 amps

0-1 minutes

TDAFW Pump dc Oil Pump (Starting)

71 amps

0-1 minutes

Feedwater Pump B dc Lube Oil Pump (Running)

14 amps

1-12 minutes

TDAFW Pump dc Oil Pump (Running)

15 amps

1-240 minutes

Circuit Breaker Closing/Field Flash

61 amps

239-240 minutes

MOV 3996 (Starting)

115 amps

1-2 minutes
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Figure 8.1-1 Electrical Distribution System
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Figure 8.2-1 Transmission Connections
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9.1
9.1.1

FUEL STORAGE AND HANDLING
NEW FUEL STORAGE

New fuel is delivered by truck to the site in NRC-Department of Transportation-approved
containers. The assemblies are removed, inspected, and transferred to the new fuel storage
racks using the auxiliary building crane (see Figure 9.1-1). The storage location on the
operating level of the auxiliary building facilitates the unloading of trucks and the transfer of
the fuel assemblies. The Seismic Category I storage vault contains specially constructed
racks which ensure a minimum 20-in. center-to-center spacing of the new fuel assemblies.
This spacing ensures a KEFF less than 0.95 for the accidental full water density flooding
scenario and less than 0.98 for the accidental low water density (optimum moderation)
flooding scenario. The use of Westinghouse 422+ Vantage Fuel Assemblies satisfies these
KEFF requirements (Reference 67 and Reference 68). The storage area is located above grade
to help prevent this from occurring.
The new fuel storage area is configured to store 12 fuel assemblies. The fuel storage area is
isolated from potential contamination resulting from work performed in the auxiliary building
maintenance shop, or from normal activities on the auxiliary building operating floor.
The design of the new fuel storage racks is in compliance with 10 CFR 50.68, Criticality
accident requirements.
9.1.2

SPENT FUEL STORAGE

The original spent fuel storage racks provided capacity for the storage of 210 fuel assemblies.
In 1976, the NRC approved the replacement of the original racks with higher density flux trap
type racks (References 1 and 2). This expanded the storage capability from 210 to 595 fuel
assemblies.
In 1984, the NRC approved the conversion of six flux trap type racks to high-density fixed
poison type racks (References 3 and 4). This further expanded the storage capacity from 595
to 1016 fuel assemblies. At this point, the spent fuel pool (SFP) was divided into two regions.
Region 1 comprised three flux trap type racks to accommodate a full core off-load. Region 2
consisted of six high-density fixed poison (Boraflex) type racks for the storage of 840 fuel
assemblies that satisfied minimum burnup criteria and had cooled for a minimum of 60 days.
In 1998, the NRC approved re-racking the spent fuel pool (Reference 38). This re-rack effort,
to be done in two phases, reconfigures the pool to accommodate a net increase of 353
locations. This is accomplished by retaining the six existing high-density region 2 racks (840
minus 12 for attachment of new racks = 828 locations) and installing new borated stainless
steel (BSS) racks with up to 541 additional storage locations for a total of 1369 storage
locations after completion of both phases.
After completion of phase 1 of the re-rack in November 1998, the pool has three types of
racks in two regions. Region 1 contains new high-density flux-trap design BSS racks
designated as type 3 for fresh and spent fuel. Region 2 contains the existing Boraflex racks
designated as type 1 and new high-density BSS racks designated as type 2. With the
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completion of phase 1, the pool contains 1321 storage locations. Figure 9.1-3 shows the
phase 1 re-racked configuration.
In addition to intact fuel assemblies, consolidated fuel canisters can also be stored in region 1
and region 2 of the pool. In 1985, the NRC approved the storage of consolidated fuel in the
spent fuel pool (Reference 5). This process involves placing spent fuel containing, at most,
all the rods from two standard spent fuel assemblies, which have decayed at least 5 years, into
one canister. The canisters are designed to hold 358 fuel rods and can be placed in either
region 1 or region 2 rack locations. The canisters are fabricated from stainless steel.
Prior to Plant Uprate the number of fuel rods contained in the intact fuel assemblies and/or
consolidated rod storage canisters was limited to no more than the number of rods contained
in 1879 fuel assemblies (179 fuel rods per assembly x 1879 assemblies = 336,341 fuel rods).
The Technical Specifications limited storage at that time to 1879 fuel assemblies. As part of
plant uprate in 2006, the maximum number of fuel assemblies that could be stored in the
spent fuel pool was limited to 1321, which is consistent with the regulatory requirements
imposed by Reference 68.
The fuel assembly grids, guide tubes, upper tie plates, and lower tie plates that remain after
removal of the fuel rods are crushed and stored in a waste canister. The waste canister will
maintain the fuel assembly non-fuel-bearing components in a physically stable configuration
such that under all postulated conditions there will be no damage to the stored spent fuel in
the spent fuel pool (SFP). The waste canister will be stored in the spent fuel storage pool until
ultimate disposal.
The spent fuel pool inventory consists of intact fuel assemblies and other components (both
fuel bearing and non-fuel bearing, including consolidated fuel canisters, consolidated
hardware canisters, a failed fuel rod storage basket, dummy fuel assemblies, a dummy
canister, trash baskets, an irradiated sample basket, and a coupon tree). In addition, one cell in
the type 1 racks is capped.
The design of the new fuel storage racks is in compliance with 10 CFR 50.68, Criticality
accident requirements.
9.1.2.1
9.1.2.1.1

Design Criteria
General

The original design was based on the General Design Criteria (GDC) included in the Atomic
Industrial Forum (AIF) version of proposed criteria issued by the AEC for comment on July
10, 1967. These criteria (AIF-GDC 66, 67, 68, and 69) are discussed in Section 3.1.1.
Criteria for the design and performance of the current spent fuel storage system are defined by
AIF-GDC 62, ANSI/ANS Standard 57.2-1983 and Regulatory Guide 1.13. The spent fuel
racks satisfy these criteria as described below. In addition, the spent fuel rack design
complies with the "Staff Position for Review and Acceptance of Spent Fuel Storage and
Handling Applications," dated April 14, 1978, as modified January 18, 1979; and section
9.1.2 of the Standard Review Plan dated July 1981 (Reference 52).
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9.1.2.1.2

Effective Multiplication Factor

The design of spent fuel storage racks and transfer equipment shall be such that the effective
multiplication factor will not exceed 0.95 with new fuel of the highest anticipated enrichment
in place assuming limited credit for soluble boron. Credit may be taken for the inherent
neutron absorbing effect of materials of construction or, if the requirements are met, for
added nuclear poisons or for fuel assembly burnup.
The effective multiplication factor is less than or equal to 0.95, including biases and
uncertainties, provided the combination of assembly average burnup and initial U-235
enrichment satisfies the requirements of Technical Specification LCO 3.7.13. Assemblies
are stored in regions 1 and 2 locations based on their initial enrichments and minimum
burnups as specified in LCO 3.7.13. Credit is taken in the LCO calculations for the presence
of borated stainless steel in the type 2 and type 3 racks.
9.1.2.1.3

Protection Against Damage

Fuel handling system facilities shall be designed to prevent damage to fuel assemblies while
in storage or during transport from one location to another.
Each fuel assembly or consolidated fuel canister is stored in a stainless steel box, which
physically separates that fuel assembly from all other fuel assemblies. The stainless steel box
is strong enough to prevent damage to the contained fuel assembly in the unlikely event that
another fuel assembly should be dropped anywhere on top of the spent fuel racks.
The rack design contains no protuberances that could cause damage to a fuel assembly being
lowered into or being lifted out of a storage position. Lead-ins are provided at the top of some
boxes in region 1. No lead-ins are provided in region 2.
9.1.2.1.4

Storage Capacity

The fuel storage pool capacity shall accommodate at least one shipping cask and one
complete core, in addition to the maximum number of fuel assemblies normally stored in the
pool. Consideration should be given to potential for highly radioactive components, which
may require storage in the pool.
The rack design provides the capability to store projected spent fuel discharges resulting from
operation through the fall of 2009, while still retaining the capability to accommodate one
shipping cask and removal of the complete core from the reactor vessel. The current Ginna
operating license expires in 2029. The racks will have the capability to accommodate removal
of the core from the reactor during the operating cycle that ends in the spring of 2011.
Following receipt of new fuel in preparation for the 2011 spring outage, the racks will not
have the capability to store a complete core removal from the reactor vessel. Ginna plans to
implement on-site dry cask storage after the 2009 refueling outage to accommodate spent fuel
storage requirements through 2029, the end of the current license period.
Operational in 2010, the Independent Spent Fuel Storage Installation (ISFSI) will serve as a
facility for the interim storage of sealed, leak proof, and self-contained dry shielded canisters.
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Storage capacity is intended to satisfy spent fuel storage requirements through the end of
extended plant life with the reactor defueled and the SFP full.
During MODE 6 (Refueling) periods, and whenever the shipping cask is not in the pool, the
cask area will be available to store radioactive components or to perform underwater
inspection or mechanical operations on radioactive components.
9.1.2.1.5

Fuel Pool Cooling System Instrumentation

Suitable provisions shall be made in the design of the fuel storage pool cooling system to permit
installation of instrumentation to monitor system performance.
The pressure and flow of service water (SW) and the temperature, pressure, and flow of spent
fuel pool (SFP) water circulating through SFP heat exchanger A are measured and indicated
locally. Service water (SW) pressure and flow through SFP heat exchanger B has local
indication, as well as installed resistance temperature detectors (RTD) to allow local
measurement of service water (SW) inlet/outlet temperatures. SFP heat exchanger B also has
indication for the pressure and flow of spent fuel pool (SFP) water as well as installed
resistance temperature detectors (RTD) to allow local measurement of spent fuel pool (SFP)
water inlet/outlet temperatures. The spent fuel pool (SFP) water temperature is measured and
a high temperature alarm is actuated in the control room if the spent fuel pool (SFP) water
temperature exceeds 115F. To provide increased monitoring capabilities during a full core
off-load, and depending upon lake temperature this high temperature alarm setpoint may be
lowered to a level as determined by the Reactor Engineer. The spent fuel pool (SFP) water
level is also measured and a high/low alarm is actuated in the control room if the water level
exceeds preset values.
9.1.2.1.6

Seismic Design

The fuel storage pool and storage racks shall be designed to accommodate, within applicable
code stress limits, normally imposed loads due to half the design-basis earthquake.
The fuel storage pool and storage racks shall be designed so that normally imposed loads plus
loads imposed by the design-basis earthquake will not cause failure. Plastic deformation may
take place but with a substantial margin to that which might result in failure.
These criteria are satisfied as described in Section 3.7.
The spent fuel (SFP) pool is founded on sound rock. The spent fuel storage racks are capable
of withstanding loads imposed by the safe shutdown earthquake without plastic deformation
of the racks and without damage to spent fuel assemblies. The bearing loads are sufficiently
low to prevent damage to the stainless steel liner of the spent fuel pool (SFP) and supporting
concrete. The reinforced-concrete structure of the pool is capable of transmitting these loads
to the rock without plastic deformation of the pool structure.
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9.1.2.1.7

Fuel Handling System

Lifting and transport equipment of the fuel handling system shall be designed to prevent
dropping of fuel assemblies. Heavy loads shall not be carried over stored fuel assemblies.
The design shall prevent lifting a fuel shipping cask over fuel storage racks.
The design includes these provisions except for the full consolidated fuel canisters. The
canisters containing consolidated fuel are considered a heavy load per NUREG-0612 criteria.
They may be carried over stored fuel assemblies provided that the spent fuel racks beneath
the transported canister contain only spent fuel that has decayed at least 60 days since reactor
shutdown. See Section 9.1.5 for the discussion of control of heavy loads at Ginna Station.
9.1.2.1.8

Minimum Center-to-Center Spacing

Fuel storage racks shall physically prevent placing more than one fuel assembly in a single
storage location; specified minimum center-to-center distances between individual fuel
assemblies shall be maintained to meet criticality requirements.
The rack design permits only one fuel assembly or consolidated fuel canister to be inserted
into a storage box. Minimum center-to-center spacings between fuel assemblies are
maintained by the rack structure.
In the fuel consolidation process, fuel rods are removed from the fuel assembly and stored in
a canister. The canister, containing no more than 358 fuel rods (two fuel assemblies), is then
placed in a rack storage location. The design of the storage racks has been verified to be able
to withstand the loads associated with a maximum dead weight of a canister with 358 fuel
rods in each storage location.
Criticality analyses show that even with the consolidated fuel storage, the KEFF criterion of
less than or equal to 0.95 is satisfied.
9.1.2.1.9

Stability of Fuel Storage Racks

Fuel storage rack design shall prevent geometric changes due to environmental conditions
characteristic of this site. The design shall be stable against tipping with provisions to prevent
unplanned movement of the fuel or the racks.
The region 2 type 1 racks, which were not replaced in phase 1 of the re-rack in 1998, are free
standing racks which are supported on the pool floor only. The gaps between racks and those
between the racks and the pool walls are designed such that the new racks installed in phase 1
of the re-rack do not impose any additional loading on the resident racks or on the pool walls.
The new region 1 type 3 racks and region 2 type 2 racks installed in phase 1 are also free
standing and self-supporting.
The new type 2 and 3 racks stainless steel square tubes are fillet welded to the base plate.
The stainless steel cells are joined together along their length by connecting tabs welded to
the square tube faces. This forms the cells in each rack into a continuous structure.
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The rack pedestals are adequate in size and number to ensure that the rack structure is stable,
thus minimizing tilting, and to equally distribute and minimize the resulting bearing loads
onto the pool liner and floor. The pedestals also provide threaded connections to ensure the
overall rack module levelness during installation, thus minimizing any load eccentricities and
imbalances. The rack design is stable against tipping. Each stored fuel assembly is
completely surrounded by a relatively close-fitting box.
9.1.2.1.10

Fuel Pool Leakage Prevention

The spent fuel storage pool (SFP) and refueling canal shall have provisions, such as a watertight liner, to prevent leakage of pool water.
A stainless steel liner is provided. The spent fuel racks are designed to limit local mechanical
loadings on the pool liner to prevent damage to the liner.
9.1.2.1.11

Depth of Water Over Fuel

The fuel storage pool minimum depth shall be determined by dose considerations at the top of
the pool considering irradiated fuel or components stored in the pool or in transit and radioactive
contaminants in the pool water.
The top of the fuel assemblies stored in the spent fuel storage racks are approximately 26 ft
below the surface of the water. A radiological evaluation of the rack design is presented in
Section 9.1.2.6.
9.1.2.1.12

Fixed Neutron Poisons

Fuel storage racks using nuclear poisons additional to those inherent in the structural
materials shall be designed and fabricated in a manner to prevent inadvertent removal of the
additional poisons by mechanical or chemical action. Prior to installation of the additional
nuclear poisons, the quantity and effectiveness of the additional poisons shall be verified.
Effectiveness of the additional poisons may be checked by isotopic analysis. Provisions shall
be made to permit periodic inspection or verification or both, thereafter.
Both borated stainless steel (BSS) and Boraflex are used as neutron absorber materials in the
storage racks. BSS fixed absorber plates are provided in the region 2 type 2 and region 1 type
3 racks of the spent fuel pool (SFP). The BSS was specified as ASTM A887-89, grade B,
type B6/B7, with a minimum boron content of 1.70%. BSS has an exceptional resistance to
corrosion by electrolytic hydridation, oxidation, or other chemical reactions in borated and
pure water. There are no significant changes to the mechanical properties of the BSS upon
exposure to the levels of irradiation encountered over the design life of the fuel storage racks.
The BSS plate is a free-standing member in the type 2 and type 3 rack designs. The BSS is
neither bent nor welded in these racks which precludes any cracking or thermal alteration of
the metal.
Boraflex fixed absorber material is provided in the region 2 type 1 racks of the spent fuel pool
(SFP). The absorber assemblies are welded in place in each storage cell, thus precluding
inadvertent mechanical removal.
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To address concerns with Boraflex degradation as presented in Generic Letter 96-04
(Reference 15), Ginna Station performed tests in February 1998 of the B-10 areal density of
24 representative Boraflex panels in region 2 of the spent fuel pool (SFP) using the Boron
Areal Density Gauge for Evaluating Racks (BADGER). During the testing, degradation
beyond the four-inch gap assumption of the criticality analysis was noted on selected
Boraflex panels. This data indicated that some panels had undergone dissolution beyond
expected levels and placed the spent fuel pool in an unanalyzed condition.
This event and the results of the associated assessment that was performed were reported to
the NRC in Reference 10. In addition, the Technical Specifications were changed to ensure
that controls were in place to verify at least 2300 ppm of soluble boron was maintained in the
spent fuel pool (SFP).
A subsequent criticality analysis (Section 9.1.2.4) was performed without crediting any
Boraflex in the Region 2, Type 1 racks (Reference 60). This analysis demonstrated that a
soluble boron concentration of 975 ppm, based on a B-10 isotropic fraction of 0.197 for
recycled boron, was necessary to maintain kEFF  0.95 under normal and accident
conditions. The Technical Specifications retained the control that at least 2300 ppm of
soluble boron be maintained in the spent fuel pool. The 2300 ppm ensures that there is
sufficient time to detect and mitigate any postulated dilution event before the concentration
of soluble boron is diluted to 975 ppm. A boron dilution analysis (Reference 61)
demonstrated that the volume necessary to dilute from 2300 ppm to 975 ppm was 183,000
gallons. Based on this analysis, any postulated dilution event is not credible. Plant Uprate
performed in 2006 has no impact on this boron dilution analysis.
9.1.2.1.13

Bearing Loads on Pool Liner

Provisions shall be made to accommodate the necessary heavy equipment loads in the fuel
storage pool without subjecting the pool liner to mechanical damage.
The bearing loads on the pool liner are low and will not cause mechanical damage to the liner.
The spent fuel storage facility should be designed to Seismic Category I requirements. The
spent fuel pool (SFP) and spent fuel racks are designed to Seismic Category I requirements.
9.1.2.2
9.1.2.2.1

Description
Spent Fuel Pool (SFP)

The spent fuel pool (SFP) is a Seismic Category I design, reinforced-concrete structure
located in the west end of the auxiliary building. The spent fuel pool (SFP) is totally clad
with stainless steel. The spent fuel pool (SFP) contains approximately 255,000 gallons of
water (Reference 27), which is maintained borated to at least a 2300-ppm concentration. A
leak chase system under the floor liner plate minimizes the chances of accidental drainage,
and the weir gate access to the refueling canal has a high sill to prevent inadvertent drainage
through the canal from uncovering the stored fuel assemblies.
The normal makeup water sources to the spent fuel pool (SFP) are from the refueling water
storage tank (RWST) or one of the chemical and volume control system holdup tanks. The
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minimum required refueling water storage tank (RWST) water volume is 300,000 gal. The
refueling water storage tank (RWST) capacity is approximately 338,000 gal. Water is
supplied from the refueling water storage tank (RWST) by the refueling water purification
pump to the spent fuel pool (SFP) purification system to the spent fuel pool (SFP).
Alternative sources of makeup water are available from the reactor makeup water tank or the
monitor tanks.
The spent fuel pool (SFP) water leak collection system consists of channels in the concrete
pool floor which are designed to collect any water that may leak through the stainless steel
liner. Leakage is directed to a collection tank, leading to the liquid waste processing system.
9.1.2.2.2

Spent Fuel Storage Racks

The spent fuel pool (SFP) capacity is discussed in Section 9.1.2. Vertical storage racks are
seated on the pool floor and cover the entire area except for a section in the southeast corner
reserved for fuel shipping cask loading operations. Control rods are stored in the fuel
assemblies. The new fuel elevator is located at the northeast corner and is used to lower
new fuel elements into the spent fuel pool (SFP) for transfer to the reactor.
The storage pool is divided into two regions that may contain either intact fuel assemblies or
consolidated fuel canisters. The inherent strength of the rack designs results from their
honeycomb box structure arrangement. The rack assemblies are made up of a repeating
array of square stainless steel boxes in a checkerboard arrangement. Region 1 allows fresh
fuel storage with a combination of a fixed neutron absorber, flux traps, and a checkerboard
arrangement of fresh and burned fuel assembles. Lead-in funnels are provided on some cells
that are allowed to contain fresh fuel. Region 2 rack types ensure criticality safety with a
combination of fixed neutron absorbers, burnup credit, and a checkerboard arrangement of
burned fuel assemblies. The checkerboard arrangements are set forth in Technical
Specification LCO
3.7.13. No lead-in funnels are provided in any cell in region 2. In both regions, the lower end
of each box contains a horizontal plate, with a circular hole in the center, both to position the
spent fuel assembly or consolidated fuel canister and to allow cooling water flow.
Region 1 contains five modules of the rack design designated as type 3. The boxes forming
the rack cells are joined at the corners in a checkerboard arrangement to create an array with a
nominal 9.23 in. center-to-center pitch. Each cell formed by the box array contains a borated
stainless steel insert with an approximate 8.14 in. square inner dimension. The insert is
positioned vertically to span the active fuel region of the fuel assemblies. Eight horizontal
belts on alternate borated stainless steel (BSS) cells maintain a water gap between the BSS
cells to provide a flux trap for slowing neutrons between the BSS absorber plates. Region 1
provides storage locations for 144 fresh, 145 burned, and 5 damaged (bowed) assemblies (see
Figure 9.1-3). Either fresh or burned assemblies may be stored in these locations, as long as a
fresh/ burned checkerboard configuration is maintained for the fresh fuel assemblies.
Upon completion of phase 1 of the re-rack in 1998, region 2 contains two different rack
designs designated as types 1 and 2 for the storage of burned fuel. All rack types are formed
with stainless steel boxes. The type 1 racks are the high-density fixed absorber racks which
were converted in 1984. This type of rack has an approximate 8.11 in. square inner
dimension with two Boraflex panels per cell. Six type 1 modules (140 cells/module) provide
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839 storage locations (840 cells less 1 capped cell) for storage of burned fuel assemblies or
canisters with burned fuel rods. The type 2 racks are high-density free-standing racks with
borated stainless steel (BSS) plates as the fixed absorbers. This type of rack is fabricated
with stainless steel cells joined at the corners, with BSS inserts in every other cell. Two type 2
modules provide 187 storage locations for burned fuel assemblies or canisters with burned
fuel rods.
The phase 1 re-rack in 1998 installed the type 2 and 3 racks to augment the storage remaining
in the type 1 racks. Thus, as of 1998 the pool contains six type 1 modules, two type 2
modules, and five type 3 modules for a total of 1321 storage cells.
9.1.2.3

Design Evaluation

The original spent fuel storage racks provided capacity for the storage of 210 fuel assemblies.
In 1976, the NRC approved the replacement of the original racks with higher density flux trap
type racks (References 1 and 2). This expanded the storage capability from 210 to 595 fuel
assemblies. In the submittal to the NRC, a nuclear criticality analysis was made assuming a
fuel assembly design enriched to 3.5 wt % of Uranium-235. This criticality analysis was
applicable to the previously delivered Westinghouse fuel.
With the fuel reload of 1984, fuel assemblies of a Westinghouse design incorporating axial
natural uranium blankets were used. This change in design, along with the adoption of low
radial leakage fuel management, requires central region enrichments in excess of the 3.5%
used in the analysis of Reference 1.
In 1984, the NRC approved the conversion of six flux trap type racks to high-density fixed
poison type racks (References 3 and 4). This further expanded the storage capacity from 595
to 1016 fuel assemblies and resulted in a two-region spent fuel pool (SFP).
In 1983, the NRC approved a new analysis which assumes an unirradiated fuel assembly
enrichment of 4.25 wt % Uranium-235 (References 6 and 28). The analysis did not include
any changes to the storage rack or pool design.
In 1985, NRC approval was received for the use of consolidated fuel canisters (Reference 29).
In 1996, NRC approval was received to store unirradiated fuel assemblies with integral
burnable poisons with up to a nominal 5.0 w/o U-235, provided the K is 1.458
(References 26 and 30).
In 1998, NRC approval was received for re-racking portions of the spent fuel pool (Reference
38). This included replacement of the three region 1 flux trap racks with two types of high
density fixed neutron absorber type racks. In addition, the approval allowed attachment of
similar high-density fixed neutron absorber type racks to the north and south faces of the
Boraflex neutron absorber racks that constituted region 2 prior to the approval. The
installation of the new high-density racks was planned in two phases. In 1998, phase 1
added five rack modules to create region 1 for storage of fresh fuel and two additional rack
modules to augment region 2. This modification increased the number of usable cells from
1015 to 1320 (one additional cell is capped). The phase 2 attachment of the remaining six
high-density rack modules to the Boraflex racks in region 2 will be done in the future as
needed.
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9.1.2.4
9.1.2.4.1

Nuclear Analysis
Methods of Analysis

The criticality calculation method and cross-section values are verified by comparison with
critical experiment data for fuel assemblies similar to those for which the racks are designed.
This benchmarking data is sufficiently diverse to establish that the method bias and
uncertainty will apply to rack conditions which include strong neutron absorbers, large water
gaps and low moderator densities.
New Fuel Storage Rack
The design method that insures the criticality safety of fuel assemblies in the new fuel storage
rack was described in the application for the 1996 enrichment upgrade (Reference 31). This
design method uses the AMPX (References 7 and 8) system of codes for cross-section
generation and KENO Va (Reference 9) for reactivity determination.
The 227 energy group cross-section library that is the common starting point for all crosssections used for the benchmarks of KENO Va and the KENO Va storage rack calculations is
generated from ENDF/B-V (Reference 7) data. The NITAWL (Reference 8) program
includes, in this library, the self-shielded resonance cross-sections that are appropriate for
each particular geometry. The Nordheim Integral Treatment is used. Energy and spatial
weighting of cross-sections is performed by the XSDRNPM (Reference 8) program which is a
one-dimensional Sn transport theory code. These multigroup cross-section sets are then used
as input to KENO Va (Reference 9) which is a three-dimensional Monte Carlo theory program
designed for reactivity calculations.
A set of 44 critical experiments has been analyzed using the above method to demonstrate its
applicability to criticality analysis and to establish the method bias and uncertainty. The
benchmark experiments cover a wide range of geometries, materials, and enrichments,
ranging from relatively low enriched (2.35, 2.46, and 4.31 w/o), water moderated, oxide fuel
arrays separated by various materials (B4C, aluminum, steel, water, etc.) that simulate LWR
fuel shipping and storage conditions to dry, harder spectrum, uranium metal cylinder arrays at
high enrichments (93.2 w/o) with various interspersed materials (plexiglass and air).
Comparison with these experiments demonstrates the wide range of applicability of the
method.
The highly enriched benchmarks show that the criticality code sequence can correctly predict
the reactivity of a hard spectrum environment, such as the optimum moderation condition
often considered in fresh rack and shipping cask analyses. However, the results of the 12
highly enriched benchmarks are not incorporated into the criticality method bias because the
enrichments are well above any encountered in commercial nuclear power applications.
Basing the method bias solely on the 32 low enriched benchmarks results in a more
appropriate and more conservative bias.
The 32 low-enriched, water moderated experiments result in an average KENO Va KEFF of
0.9930. Comparison with the average measured experimental KEFF of 1.0007 results in a
method bias of 0.0077. The standard deviation of the bias value is 0.0014 K. The 95/95
one-sided tolerance limit factor for 32 values is 2.20. Thus, there is a 95 percent probability
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with a 95 percent confidence level that the uncertainty in reactivity, due to the method, is not
greater than 0.0030 K.
Material and construction tolerance reactivity effects and reactivity sensitivities are determined
using the transport theory computer code, PHOENIX (Reference 11). PHOENIX is a
depletable, two-dimensional, multigroup, discrete ordinates, transport theory code which
utilizes a 42 energy group nuclear data library.
Spent Fuel Storage Racks
The analysis methods employ: (1) the SCALE 4.4 code system, as documented in Reference 53,
with the 44 group ENDF/B-V cross-section library, and (2) the two-dimensional integral transport
code DIT, Reference 54, with an ENDF/B-VI neutron cross section library.
SCALE 4.4 is used for calculations involving infinite arrays of storage cells and checkerboarded storage cells depending on the storage features of individual rack types. In addition, it
is employed in a full pool representation of the storage racks to evaluate soluble boron worths
and postulated accidents.
SCALE 4.4 modules employed in both the benchmarking analyses and the spent fuel storage
rack analyses include the control module CSAS and the following functional modules:
BONAMI, NITAWL-II, and KENO V.a. All references to KENO in the text to follow should be
interpreted as referring to the KENO V.a module.
The DIT code is used for simulation of in-reactor fuel assembly depletion. The following
sections describe the application of these codes in more detail.
Validation of SCALE 4.4
Validation of the SCALE 4.4 code system for the purposes of fuel storage rack analyses is based
on 123 criticality experiments documented in NUREG/CR-6361 (Reference 82) with geometries,
materials, and neutron interaction characteristics representative of storage array. The 123 critical
experiments include 58 in core-type category, 45 in separator plate category, 12 in separator platesoluble boron category, and 8 in flux trap-void category. The mean calculational bias, the mean
calculational variance, and the 95/95 confidence level multiplier are deduced as 0.0008, (0.0046)2,
and 1.896, respectively (Reference 60 and Reference 83).
Application to Fuel Storage Pool Calculations
As noted above, the CSAS control module was employed to execute the functional modules
within SCALE 4.4. The CSAS25 control module was used in the majority of the cases to
analyze either infinite arrays of single or multiple storage cells or the full spent storage pool.
Standard material compositions were employed in the SCALE 4.4 analyses consistent with
those of Reference 39. For fresh fuel conditions, the fuel nuclide number densities were
derived within the CSAS module. For burned fuel representations, the fuel isotopics were
derived from the DIT code as described below.
The DIT Code
The DIT (Discrete Integral Transport) code performs a heterogeneous multigroup transport
calculation for an explicit representation of a fuel assembly. The neutron transport equations
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are solved in integral form within each pin cell. The cells retain full heterogeneity throughout
the discrete integral transport calculations. The multigroup spectra are coupled between cells
though the use of multigroup interface currents. The angular dependence of the neutron flux is
approximated at cell boundaries by a pair of second order Legendre polynomials. Anisotropic
scattering within the cells, together with the anisotropic current coupling between cells, provide
an accurate representation of the flux gradients between dissimilar cells.
The multigroup cross sections are based on the Evaluated Nuclear Data File Version 6
(ENDF/B-VI). Cross sections have been collapsed into an 89 group structure which is used in the
assembly spectrum calculation. Following the multigroup spectrum calculation, the region-wise
cross sections within each heterogeneous cell are collapsed to a few groups (usually 4 broad
groups), for use in the assembly flux calculation. A B1 assembly leakage correction is
performed to modify the spectrum according to the assembly in-or-out-leakage.
Following the flux calculation, a depletion step is performed to generate a set of region-wise
isotopic concentrations at the end of a burnup interval. An extensive set of depletion chains are
available, containing 33 actinide nuclides in the thorium, uranium and plutonium chains, 171
fission products, the gadolinium, erbium and boron depletable absorbers, and all structural
nuclides. The spectrum-depletion sequence of calculations is repeated over the life of the fuel
assembly. Several restart capabilities provide the temperature, density and boron concentration
dependencies needed for three dimensional calculations with full
thermal-hydraulic feedback effects.
The DIT code and its cross-section library are employed in the design of initial and reload
cores and have been extensively benchmarked against operating reactor history and test data.
For the purpose of spent fuel pool criticality analysis calculations, the DIT code is used to
generate the detailed fuel isotopic concentrations as a function of fuel burnup and initial feed
enrichment. Each selected set of fuel isotopics is equivalenced to a reduced set of burned fuel
isotopics at specified time points after discharge. The latter burned fuel representation includes
the following nuclides: 235U, 236U, 238U, 239Pu, 240Pu, 241Pu, 149Sm, 16O, and 10B. The DIT
code lists the Samarium-149 isotopics for 149Sm and 149DSm (a metastable isomer). Since
149
Sm is a stable isotope, the concentration of this Samarium isotope is the sum of the
individual concentration of these two isomers.
The isotopic number densities from the DIT calculation are based upon Cell average values.
The input to KENO calculations require that the number densities be specified for the fuel
pellet. Therefore, the number densities from the DIT calculations are scaled by the ratio of area
of the cell to the area of the fuel pellet for use in the KENO calculations. The concentration of
Boron - 10 is determined by reactivity equivalencing a given DIT cell calculation with a
corresponding KENO cell calculation to within the KENO one sigma uncertainty level.
9.1.2.4.1.1

Criticality Methodology

A summary of the methodology follows.
1. Determine the fresh and spent fuel storage configuration of the spent fuel pool using no
soluble boron conditions such that the 95/95 upper tolerance limit value of KEFF for the
storage pool, including applicable biases and uncertainties, is less than unity.
2. Next, using the resulting storage configuration from the previous step, calculate the spent
fuel rack effective multiplication factor with the chosen concentration of spent fuel pool
Page 13 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

soluble boron present. Then calculate the sum of: (a) the latter multiplication factor, (b) the
reactivity uncertainty associated with fuel assembly and storage rack tolerances, and (c) the
biases and other uncertainties required to determine the final 95/95 confidence level
effective multiplication factor and show that at the chosen concentration of soluble boron,
the system maintains the overall effective multiplication factor less than or equal to 0.95.
3. Use reactivity equivalencing methodologies to determine the minimum fuel assembly
burnup for fuel assembly enrichments higher than allowed in Step 1, above. As a function
of time after discharge and burnup, calculate the reactivity credit due to actinides for each
fuel assembly.
4. Determine the increase in reactivity caused by postulated accidents and the corresponding
additional amount of soluble boron needed to offset these reactivity increases.
An alternative form of expressing the soluble boron requirements is given in Reference 50. The
final soluble boron requirement is determined from the following summation:
SBCTOTAL = SBC95/95 + SBCRE + SBC PA
where:

SBCTOTAL = total soluble boron credit requirement (ppm),
SBC95/95

= soluble boron requirement for 95/95 KEFF 0.95 (ppm),

SBCRE

= soluble boron required for reactivity equivalencing methodologies
(ppm),

SBCPA

= soluble boron required for KEFF 0.95 under accident conditions
(ppm)

For purposes of the analyses contained herein, minimum burnup limits established for fuel
assemblies to be stored in the different types of storage racks do include burnup credit
established in a manner which takes into account conservative approximations to the operating
history of the fuel assemblies. Variables such as the axial burnup profile as well as the axial
profile of moderator and fuel temperatures have been factored into the analyses.
The methodology employed in this analysis for soluble boron credit is analogous to that of
Reference 49 and employs analysis criteria consistent with those cited in the Safety
Evaluation by the Office of Nuclear Reactor Regulation, Reference 50.
The design input employed in this analysis is basically the same as that employed in the
Ginna SFP Reracking Licensing Report, Reference 39. However, the current analyses
employ a broader scope by implementing the Soluble Boron Credit Methodology, taking
credit for the decay of 241Pu, and quantifying the spent fuel storage limits for Region 2, Type
1 and 2 Racks independently. The Soluble Boron Credit Methodology provides additional
reactivity margin in the spent fuel storage analyses which may then be used to implement
added flexibility in storage criteria and, for example, eliminate the need to implement the
degraded boraflex modeling as well as eliminate credit for IFBA in fresh fuel assemblies with
enrichments above 4 wt% 235U.
Please note that for the Region 1, Type 3 storage racks, reactivity control is achieved by
means of a checkerboard of burned and fresh fuel assemblies having initial enrichments of up
to 5.0 wt% 235 U(nominal); no Integrated Fuel Burnable Absorber (IFBA) credit for fresh fuel
assemblies with nominal enrichments above 4.0 wt% 235U is required. Region 2
accommodates burned fuel assemblies having initial enrichments up to 5 wt% 235U(nominal)
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at prescribed minimum burnups.

The selection of design basis fuel assembly types was based on an evaluation of the variety of
fuel assemblies employed in the reactor to date and selecting the most reactive type for a
given evaluation. The candidate fuel assembly types include the Westinghouse Standard,
Westinghouse OFA, Westinghouse VANTAGE+, Mixed Oxide fuel assemblies and other Lead
Test Assemblies, as well as the Consolidated Fuel Assembly Canisters and the damaged fuel
rod basket.
The selection of the Westinghouse OFA as the design basis fresh fuel assembly is predicated
on the fact that this assembly is an optimized design and is more reactive than the
Westinghouse Standard in the fresh fuel condition. This result is consistent with the analyses
of Reference 39; the latter analyses also concluded that the Westinghouse Standard assembly
becomes more reactive than the OFA assembly beyond burnups greater than about 12,000
MWD/MTU burnup. Thus, the design basis burned fuel assembly employed for these
analyses is taken to be a variant of the Westinghouse Standard fuel assembly because of its
burnup characteristics and the fact that it is, in general, more representative of fuel assemblies
employed in the past operation of the plant. The design basis burned fuel assembly is taken to
be a Westinghouse Standard fuel assembly with the instrument tube replaced by a fuel rod and
the RCC guide tubes made of zircaloy. These changes were simply added conservatisms to
assure enveloping of the variety of fuel assemblies that had passed through the core and
presently reside in the spent fuel pool.
The reactivity characteristics of the different rack Types 1, 2, and 3 were evaluated using
infinite lattice analyses; this environment was employed in the evaluation of the burnup limits
versus initial enrichment for each rack type as well as the evaluation of physical tolerances
and uncertainties. The full spent fuel pool model was also employed to evaluate soluble
boron worths and the reactivity worth of postulated accidents.
9.1.2.4.1.2

Criticality Analysis of Consolidated Rod Storage Canisters in Spent Fuel Racks

The fuel rod consolidation canister is employed to store burned fuel rods removed from
multiple, typically two or less, fuel assemblies. The purpose of these canisters is to increase
the storage capacity of the pool consistent with the load bearing capability of the pool
structure by removing fuel rods from the burned fuel assembly cage structure and storing the
rods in the consolidated fuel rod canister at a reduced water to fuel ratio. The base canister
model assumed only a square stainless steel can with an outer square dimension of 8.02 in.
and a wall thickness of 0.089 in. The upper tolerance value of the outer dimension of the
canister and the lower tolerance value of the thickness of the steel enclosure were used to
maximize the capacity of the canister. The divider plate was not modeled for conservatism.
The KENO calculations were performed with both the Westinghouse Standard and
Westinghouse OFA fuel rods. The pitch of the fuel rods inside the canister was varied to
obtain the near-optimum pitch for the canister. The fuel rods were enriched to 1.30 wt% 235U,
a conservative value for Region 2 Type 1 cells. The KENO results show the most reactive case
occurs when 225 fuel rods from the Westinghouse Standard fuel assembly are optimally
spaced in the canister. This value of KEFF is, however, lower than for the case of the design
basis spent fuel assembly in a Type 1 cell. It can therefore be concluded that results based on
loading design basis spent fuel assemblies in Type 1 cells is bounding and the canisters can be
excluded from further treatment. This argument is also extended to other type storage cells in
the spent fuel pool so as to permit use of the consolidated canisters in those locations.
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These evaluations indicate that the criticality condition is satisfied for storage of
consolidation containers in locations for intact spent assemblies. The criticality criterion of
95/95 KEFF 0.95 is also met for the fuel rods that satisfy the burnup vs. enrichment curves
for either region 1 or 2.
9.1.2.4.1.3

Summary of Criticality Results

Fresh Fuel Racks
The acceptance criteria for criticality requires the effective neutron multiplication factor,
KEFF, in the fresh fuel storage rack to be less than or equal to 0.95, including uncertainties,
under flooded conditions and less than or equal to 0.98, including uncertainties, under
optimum moderation conditions.
The acceptance criteria for criticality is met for the Ginna Fresh Fuel Storage Racks for the
storage of both Westinghouse 14x14 OFA and 422 VANTAGE+ fuel assemblies with nominal
enrichments up to 5.0 w/o Uranium-235.
Spent Fuel Racks
A summary of the results is as follows.

1. In Reference 60, the SFP criticality analysis was performed for the Extended Power Uprate
(EPU) conditions and pre-EPU conditions with the present Pu-241 half-life values of 14.4
years. A summary of the results is as follows:
a) Pre-EPU conditions: Soluble boron credit methodology was employed to establish a
target KEFF value of 0.98225 for the spent fuel pool at zero soluble boron. The allowance
for applicable biases and uncertainties was deduced to be 0.01640; thus, the 95/95 upper
tolerance limit value of KEFF was deduced to be 0.99865. The total soluble boron
requirement for achieving a 95/95 value of KEFF ≤ 0.95 was deduced to be the summation
of the following three terms: SBC 95/95 = 389 ppm, SBCRE = 212 ppm, and SBCPA = 363
ppm for a total of 964 ppm. The soluble boron concentration was increased due to the
difference in the B-10 atom percent used in the analysis (19.9 a/o) and a lower bounding
operating value (19.0 a/o). This results in a soluble boron concentration equal to 1010
ppm.
b) EPU conditions: Soluble boron credit methodology was employed to establish a target
KEFF value of 0.98318 for the spent fuel pool at zero soluble boron for the Pre-EPU
conditions. The allowance for applicable biases and uncertainties was deduced to be
0.01640; thus, the 95/95 upper tolerance limit value of KEFF was deduced to be 0.99958.
The total soluble boron requirement for achieving a 95/95 value of KEFF ≤ 0.95 was
deduced to be the summation of the following three terms: SBC 95/95 = 407 ppm, SBCRE
= 219 ppm, and SBCPA = 374 ppm for a total of 999 ppm. The soluble boron
concentration was increased due to the difference in the B-10 atom percent used in the
analysis (19.9 a/o) and a lower bounding operating value (19.0 a/o). This results in a
soluble boron concentration equal to 1047 ppm.
c) Note that the minimum spent fuel pool boron concentration value of 2300 ppm required
by Technical Specifications is more than sufficient to maintain KEFF less than or equal to
0.95 under accident conditions. By virtue of the double contingency principle, which has
been endorsed by the NRC staff, two unlikely independent and concurrent events are
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beyond the scope of the required analysis. Therefore, credit for the presence of the entire
2300 ppm of soluble boron may be assumed in evaluating other accident conditions such
as fuel misplacement. Without including the additional 363 and 374 ppm of soluble
boron required for KEFF less than or equal to 0.95 under accident conditions for pre-EPU
and EPU conditions respectively, the total soluble boron requirement is 629 ppm and 655
ppm at 19.0 a/o B-10, for pre-EPU and EPU conditions respectively. However, for
conservatism, the boron concentration required by Technical Specifications of 965 ppm,
which was previously determined in Reference 60 for pre-EPU conditions with the
former Pu-241 half-life values of 13.2 years, is retained as total required boron
concentration for KEFF less than or equal to 0.95. In effect, the minimum requirement for
the criticality analysis is 120 B-10 atoms per million, which is based on B-10 abundance
of 19.0 a/o and soluble boron of 629 ppm. At a soluble boron of 965 ppm, 120 B-10
atoms per million corresponds to a B-10 abundance of 12.1 a/o. These parameters define
the limit of the analyzed boron supported by the analysis and account for changes in
abundance and surveillance measurement uncertainty.
d) Also note this soluble boron concentration includes an allowance for 5% burnup
uncertainty. In addition, all of the burnup versus enrichment storage curves have been
increased by 5%. Therefore, a 5% burnup uncertainty has been double counted.
2. The design basis fuel assembly for the fresh fuel storage cells in the Region 1, Type 3 racks
was taken to be a conservative representation of the Westinghouse OFA 14 x 14 fuel
235

assembly having a nominal enrichment of 5 wt% U, no IFBA loadings, and the
instrument tube location replaced by a fuel rod. The design basis fuel assembly for the
burned fuel storage cells in both Region 1 and 2 racks was taken to be a conservative
approximation to the Westinghouse Standard 14 x 14 fuel assembly wherein the RCC guide
tubes were represented as zircalloy-4 and the instrument tube was replaced by a fuel rod.
This conservative approximation to the burned fuel assembly envelops the characteristics of
all burned fuel assemblies, including lead test assemblies, currently stored in the spent fuel
pool. This design basis burned fuel assembly was represented by an 8-node axial
representation of the assembly burnup and applicable fuel and moderator temperatures.
3. All representations of the Region 2, Type 1 spent fuel storage racks, originally containing
boraflex inserts between the L-shaped insert and the storage cell tube wall, were
represented in both the infinite cell array and full storage pool analyses as having nominal
pool water in place of the boraflex.
4. Minimum fuel assembly burnup limits versus fuel assembly initial average enrichment were
established for Region 2, Type 2 spent fuel storage cells. These limits were established on
both a nominal basis and an equivalent dual tier approach for 0, 5, 10, 15, and 20 years of
241

Pu decay so as to provide more efficient utilization of the available spent fuel storage
capacity of the storage racks.
5. It was demonstrated that the existing fuel assembly burnup versus initial enrichment criteria
established in Reference 39 are applicable for Region 1, Type 3 cells. These analyses also
demonstrated this objective is easily achieved with fresh fuel enrichments of 5 wt%
no requirements for IFBA credit in the fresh fuel assemblies.

235

U and

It was further established that either a fuel rod consolidation canister or a damaged rod storage
basket is less reactive than a fuel assembly of equivalent burnup when placed in a spent fuel
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storage cell. Consequently, there are no restrictions as to placement of these storage devices in
the spent fuel storage cells.
Other items may be stored in the spent fuel pool in addition to fresh or discharged fuel
assemblies. These items, in general, fall into the category of Non-Special Nuclear Material
(SNM). These items are non-multiplying and, in general, are parasitic to the spent fuel rack
local reactivity. Some of the items which fall under this category that can be safely stored in
the spent fuel pool are: Dummy Canisters containing Non-SNM, Consolidation Hardware,
Dummy Fuel Assemblies, Trash Basket containing full length control rods, etc. The general
rule for safely storing these types of items is very simple: any non-multiplying and non-fissile
item can be safely stored in any cell location. Note that neutron sources are considered to be
non-multiplying and non-fissile.
Technical Specification defines the limits on storage of spent fuel assemblies versus assembly
burnup, initial enrichment, and years of 241Pu decay.
The analytical methods employed in the criticality analysis conform with ANSI N18.2-1973,
"Nuclear Safety Criteria for the Design of Stationary Pressurized Water Reactor Plants,"
Section 5.7 Fuel Handling System; ANSI 57.2-1983, "Design Objectives for LWR Spent Fuel
Storage Facilities at Nuclear Power Stations," Section 6.4.2; ANSI 57.3-1983, "Design
Requirements for New Fuel Storage Facilities at Light Water Reactor Plants"; ANSI N16.91975, "Validation of Calculational Methods for Nuclear Criticality Safety"; and the NRC
Standard Review Plan, Section 9.1.2, "Spent Fuel Storage".
As discussed in Reference 67, the critical design parameters (fuel pellet diameter and fuel stack
height) of the 422 Vantage+ fuel assemblies used for the plant uprate are bounded by the
critical parameters used for the Westinghouse Standard 14 x 14 fuel assembly in the design
basis criticality analyses. Additionally, the burn-up characteristics of the 422 Vantage+ fuel
assembly at 1775 MWt nominal power level are bounded by the burn-up characteristics used in
the analysis for the Westinghouse Standard fuel assembly. Therefore, the pre-uprate criticality
analyses for spent fuel remaining bounding.
9.1.2.4.2
9.1.2.4.2.1

Accident Analysis
Fresh Fuel Storage Racks

Under normal conditions, the fresh fuel racks are maintained in a dry environment. The
introduction of water into the fresh fuel rack area is the worst-case accident scenario. The
water flooding cases analyzed in this report are bounding accident situations which result in
the most conservative fuel rack KEFF.
Other accidents can be postulated which would cause some reactivity increase (i.e., dropping
a fuel assembly between the rack and wall, or dropping an assembly on top of the rack). For
these other accident conditions, the double contingency principle is applied. This states that
one is not required to assume two unlikely, independent, concurrent events to ensure
protection against a criticality accident. Thus, for these other accident conditions, the
absence of a moderator in the fresh fuel storage racks can be assumed as a realistic initial
condition since assuming its presence would be a second unlikely event.
Experience has shown that the maximum reactivity increase associated with postulated
accident (dropping a fuel assembly between the rack and wall, or dropping an assembly on top
of the rack) is less than 10 percent K.
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Therefore, since the normal, dry fresh fuel rack reactivity is less than 0.55, and the maximum
reactivity increase for the postulated accidents is less than 10 percent K, the maximum rack
KEFF under these other postulated accidents conditions will be less than 0.95.
9.1.2.4.2.2

Spent Fuel Storage Racks

The soluble boron concentration (ppm) required to maintain KEFF less than or equal to 0.95
under accident conditions is determined by first surveying all possible events which increase
the KEFF value of the spent fuel pool. The accident event which produced the largest increase
in spent fuel pool KEFF value is employed to determine the required soluble boron
concentration necessary to mitigate this and all less severe accident events.
Several fuel mishandling events and one seismic event were simulated to assess the possible
increase in the KEFF value of the spent fuel pool. The fuel mishandling events all assumed
that a fresh 5.0 wt % 235U assembly with no IFBAs was mislocated into any cell of the spent
fuel pool intended for less reactive fuel assemblies. The seismic event results in the reduction
of the gap between all the modules to 0.1 cm. The inter-module gap was originally simulated
based on the minimum fabricated values.
A survey of the various fuel mishandling events considered in an earlier analysis (Section
4.3.6, Reference 39) indicated that the most disruptive accident would be the misplacement of
a fresh fuel assembly with 5.0 wt % 235U in a Type 1 location. Therefore, all the other
mishandling events were simulated with equivalent fresh fuel assemblies in all the cells; this
event was simulated with burnt fuel assemblies occupying the Region 2 Type 1 and Type 2
locations. The various mishandling accidents (including the location) were simulated and the
calculated KEFF values were compared.
The calculations determined that the highest worth of a fuel mishandling event is based on a
misloading in the Type 1 racks with a worth of 5.809% delta KEFF for pre-EPU conditions
and 5.910 % for EPU conditions. The soluble boron concentration (ppm) necessary to
compensate for this reactivity insertion is conservatively calculated to be 363 ppm for preEPU conditions and 374 ppm for EPU conditions.
As noted above, the misplaced fuel assembly was cited in Reference 39 as being the most
adverse postulated mishandling event. Other dropped assembly events such as, for example,
the postulated Rack Type 2 T-bone fuel assembly accident configuration and the postulated
deep drop type accidents, have little effect on the local KEFF of the spent fuel storage rack as
indicated by the analyses cited in Table 4.3-14 of Reference 39. In the case of the T-bone
accident, the delta KEFF resulting from a fuel assembly lying on top of the storage rack is
quite minimal due to the relatively large separation distance between the top of the fuel
columns for the assemblies standing vertical in the storage rack and the fuel assembly lying
across the top of the rack. In the case of the postulated deep drop accident, the deflection of
the base plate is limited by the height of the pedestals supporting the rack above the concrete
floor and the structural design of the rack. A significant fraction of the base plate deflection
distance would be taken up by the fuel assembly structure below the active fuel columns.
Thus, one would again conclude the misplaced fuel assembly accident overshadows the
reactivity insertion resulting from the postulated deep drop event.
9.1.2.5

Thermal-Hydraulic Analysis

The evaluation of the heat removal criteria of the spent fuel pool (SFP) cooling system is
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Radiological Evaluation

The principal source of radiation levels observed at the surface of the spent fuel pool (SFP)
water is due to the concentration of radionuclides within the pool water. This has been
verified by calculations. The observed dose rate has been typically less than 20 mrem/hr.
The radionuclides are removed from the water by the spent fuel pool (SFP) demineralizer
with the need for changing the demineralizer resin determined by the demineralizer
Decontamination Factor (DF), radiation levels, or the pressure drop across the
demineralizer.
Increased fuel storage may result in an increased frequency of changing the demineralizer
resin, but is not expected to result in any increase in the radionuclide concentrations or in
subsequent radiation levels at the surface of the water. As dose rates show a very weak
relationship to the amount of fuel stored in the pool, the increase in fuel storage capacity due
to the use of consolidated fuel canisters will not affect the station’s ability to maintain
individual occupational doses within the limits of 10 CFR 20.
The top of the fuel assemblies stored in the spent fuel storage racks are approximately 26 ft
below the surface of the water. The 26-ft water shield reduces the direct radiation from the
stored fuel assemblies to values that are negligible when compared to background.
The extent of damage that might result to a fuel assembly during fuel handling and the
radiological consequences of such an event are discussed in Section 15.7.
9.1.2.7

Radiological Consequences of Tornado Missile Accident (TMA)

Previous analyses (References 12, 44 and 66) and evaluations (Reference 65) performed for
the original 1998 re-rack modification identified that a tornado missile impact of spent fuel
assemblies in Region 1 of the spent fuel pool resulted in the limiting control room and off-site
radiological consequences. Subsequent to the spent fuel pool re-rack in 1998, the tornado
missile analysis (Reference 71) was revised (per References 72 and 73) using Alternate
Source Term methodology as part of the installation of the control room emergency air
treatment system (CREATS) in 2004. The control room dose for the TMA was re-analyzed as
part of the control room emergency air treatment system (CREATS) upgrade modification to
reflect the new configuration. For consistency the atmospheric dispersion factors (X/Q) and
off-site doses were also re-analyzed. The resulting radiological consequences were analyzed
(Reference 69) and evaluated (Reference 70). As part of the plant uprate the limiting tornado
missile accident radiological consequences due to uprate were re-analyzed using Alternate
Source Term methodology (Reference 67) and evaluated by the NRC (Reference 68).
The tornado missile accident assumed that a hypothetical tornado missile representing a
1490- pound wooden pole, 35 feet in length and 13.5 inches in diameter, propelled by the
wind, penetrates the auxiliary building roof. Since the pool is divided into two regions, it is
possible that the hypothetical tornado missile can impact and damage up to nine fuel
assemblies in either region. For uprate, the missile is assumed to impact nine fuel assemblies
in Region 1 of the spent fuel pool (five fuel assemblies decayed for 100 hours and four fuel
assemblies decayed for 60 days) which represents the limiting condition for radiological
releases. Neither control room isolation nor re-circulating filtration are conservatively
assumed. The major assumptions and parameters used in this analysis are summarized in
Table 9.1-2.
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The resulting offsite and control room doses due to the tornado missile accident occurring in
region 1 are shown in Table 9.1-5.
9.1.2.8

Radiological Consequences of a Dropped Consolidated Canister

A consolidated canister can contain all of the fuel rods from two assemblies and is
considered a heavy load per NUREG-0612 criteria. There are established controls which
govern the movement of the canisters in the spent fuel pool (SFP). The canisters will be
lifted using a single-failure proof crane and a single-failure proof lifting system and will be
handled in accordance with the guidelines in NUREG-0612 with regard to limiting the
chance of an unacceptable heavy load drop. This action will prevent potential fuel damage
and the subsequent release of fission products. Thus, the offsite radiological consequences
need not be determined for this accident.
9.1.3
9.1.3.1

SPENT FUEL POOL COOLING
Design Bases

The spent fuel pool (SFP) cooling system is designed to remove from the spent fuel pool
(SFP) the heat generated by stored spent fuel elements. Piping is so arranged that failure of
any pipeline does not drain the spent fuel pool (SFP).
The heat removal criteria of the spent fuel pool (SFP) cooling system are that the system
should be capable of maintaining the spent fuel pool (SFP) temperature less than or equal to
120F during normal refueling operations and less than or equal to 150F during full core
discharge situations. The 120F is not a safety requirement but is a limit set for operator
comfort during refueling operations. As discussed in UFSAR Section 9.1.3.4.1.7, it is
possible that the 120F administrative limit may be exceeded for a short period of time at the
beginning of a normal refueling off-load. For structural integrity reasons, the pool water
temperature is not to exceed 180F (Reference 76). In order to provide sufficient time to take
corrective action in the event of spent fuel pool (SFP) cooling system failure, the pool
temperature limit is not to exceed 150for all modes of operation including a full core
discharge.
Normal refueling operations are conducted approximately every 18 months and are defined
for the purpose of these criteria as having approximately 45 fuel assemblies (one-third of the
core) being removed from the core and placed in the spent fuel pool (SFP).
Full core discharge occurs when all the fuel in the reactor (121 fuel assemblies) is placed in
the spent fuel pool (SFP). The full core will be discharged once every 10 years for inservice
inspection. Full core discharge may also occur on other occasions when it is deemed
necessary, i.e., full core discharges may occur several times during a 10-year inservice
inspection interval.
The spent fuel pool (SFP) cooling system consists of three SFP pumps, two installed SFP heat
exchangers, associated piping, valves, and hoses. Six (6) spent fuel pool (SFP) cooling loop
options, as listed in the Technical Requirements Manual (TRM), are available, provide 100%
cooling capability (under normal and refueling operation). These SFP cooling loop options
are:
1. SFP Loop A (normal)
2. SFP Loop A (cross-connect)
3. SFP Loop B (normal)
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4. SFP Loop B (cross-connect)

5. SFP Standby Loop (cross-connect "A")
6. SFP Standby Loop (cross-connect "B")
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The flow path starts at the common suction from the spent fuel pool to the three SFP pumps,
through one or more SFP pumps and one or more SFP heat exchangers, and to the spent fuel
pool via the common return line. The primary loop (Loop Option #3) is made up of the SFP
pump B, SFP heat exchanger B, and piping. The SFP pump B can also supply SFP heat
exchanger A (Loop Option #4). Additional backup loops include:
a. the SFP pump A, supplying SFP heat exchanger A (Loop Option #1) or SFP heat exchanger
B (Loop Option #2), and piping, and
b. the SFP standby pump, SFP standby heat exchanger supplying SFP heat exchanger A
(Loop Option #5) or SFP heat exchanger B (Loop Option #6), and hoses.
There is also the ability to align the SFP Pump A and SFP standby Pump individually to the
SFP Heat Exchanger B. Service water (SW) circulates through the shell while SFP water
circulates through the tubes of the SFP heat exchangers. There is also the ability to provide
fire water for cooling of the SFP heat exchanger A. It should be noted that the standby SFP
heat exchanger is not credited within the Technical Requirements Manual (TRM) as
evaluated by Reference 80. The heat exchanger remains available for use with associated
procedures to allow for installation if needed.
SFP Loop B is designed to maintain the spent fuel pool (SFP) water below 150F with a heat
load of 32 x 106 Btu/hr. It is also designed to maintain the spent fuel pool (SFP) water below
120F with a heat load of 16 x 106 Btu/hr. Adequacy of the cooling capability for normal and
full core off-loads is discussed in Section 9.1.3.4.1. SFP heat exchanger B is sized to remove
the safety basis and normal basis heat loads.
SFP heat exchanger A is designed to remove a normal basis heat load of 5.3 x 106 Btu/hr with
a pool temperature of 120F and service water (SW) at 80F. At a 150F pool temperature,
SFP heat exchanger A is capable of removing 7.93 x 106 Btu/hr with an 80F service water
temperature. It is capable of removing the normal basis heat load. When SFP Pump A and
SFP Standby Pump are operated in parallel with SFP heat exchanger B, they are capable of
removing the safety basis heat load.
The ratings of each cooling loop are shown in Table 9.1-3.
Impact of 85°F Lake Temperature
Increasing the maximum lake temperature from 80F to 85F results in decreasing the heat
removal capability the spent fuel pool (SFP) loops. As discussed in Reference 45, the
corresponding decrease in the SFP Heat Exchanger A heat removal capability would be
approximately 0.65 x 106 Btu/hr for each loop. This change results in decreasing SFP heat
removal capability by approximately 8% for a 150F spent fuel pool (SFP) temperature. SFP
heat exchanger B was designed for 85F lake water temperature and has sufficient capacity to
maintain SFP temperature below 150F.
During normal plant operation the decrease in SFP heat removal capability associated with an
85F maximum lake temperature would result in either an increase in service water (SW)
flow to the SFP heat exchangers or a slight increase in SFP temperature. Since SFP
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temperatures typically are maintained well below 120F during normal plant operation, any
increase in SFP temperature would be acceptable. During a full core off-load refueling
outage, the decrease in SFP heat removal capability associated with an 85F lake temperature
would have no impact on SFP temperature. As discussed in Section 9.1.3.4.1.8, the
minimum required reactor shutdown time before performing a full core off-load is cyclespecific based upon SFP total heat load and a bounding assessment of expected lake
temperature. Consequently, performing a full core off-load coincident with lake temperatures
approaching 85F would result in increasing the required shutdown time prior to initiating
the full core off-load.
9.1.3.2
9.1.3.2.1

System Design and Operation
System Design

The spent fuel pool (SFP) cooling system is shown in Drawing 33013-1248.
The spent fuel pool (SFP) cooling system removes residual heat from fuel stored in the spent
fuel pool (SFP). The system is normally required to handle the heat load from one-third of
the core freshly discharged from the reactor, plus that stored from previous refuelings, and it
can safely accommodate the heat load from a full core discharge plus that stored from
previous refuelings.
The spent fuel pool (SFP) is located outside the reactor containment and is not affected by
any loss-of-coolant accident in the containment. The water in the pool is separated from that
in the refueling canal by a removable weir gate. Only a very small amount of interchange of
water occurs as fuel assemblies are transferred between containment and the SFP.
The spent fuel pool (SFP) cooling system is described in Section 9.1.3.1. Components are
described in Section 9.1.3.3. SFP heat exchanger B is supplied service water (SW) from one
section of the service water (SW) loop header. SFP heat exchanger A is supplied service
water (SW) from another section of the service water (SW) loop header. Motor-operated
valves provide automatic and remote manual isolation of the service water (SW) supply to the
SFP heat exchangers and the component cooling water heat (CCW) exchangers. These
motor-operated valves are automatically isolated on a safety injection (SI) signal concurrent
with an associated 480-V safeguards bus undervoltage condition. Handwheels are provided
for manual operation. Radiation detectors, alarms, and recorders are provided to detect
radioactivity in the service water (SW) in the event that tube leaks occur in SFP heat
exchanger A or SFP heat exchanger B. Normally locked closed manual valves can be opened
to align the service water (SW) flow from one section of the service water (SW) loop header
to a desired SFP heat exchanger when performing maintenance on another section of the SW
loop header.
9.1.3.2.2

System Operation

Operation of the spent fuel pool (SFP) cooling system is manual. Control for all three spent
fuel pool (SFP) cooling pumps is from local control stations near the pumps. An electrical
interlock prevents simultaneous operation of the spent fuel pool (SFP) pumps A and B, which
are supplied from 480-V safeguards buses. SFP pump A is operated from MCC 1C. MCC
1C is supplied from 480-V safeguards bus 14. SFP pump B is operated from 480-V
safeguards bus 16. Normally either SFP pump A or SFP pump B is operated alone to
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maintain the desired pool temperature. The spent fuel pool (SFP) standby pump has a dual
train power supply with the ability to be connected to MCC 1C or MCC 1D. The design of
the dual train power supply prevents simultaneous connection to both trains, therefore
ensuring train separation requirements are met while providing increased redundancy.
Following a safety injection signal, spent fuel pool (SFP) pump B, if operating, will be shed
from 480-V safeguards bus 16. After reset of safety injection, spent fuel pool (SFP) pump B
can be manually started.
Following a safety injection signal, spent fuel pool (SFP) standby pump, if operating, will be
shed from its current power supply, MCC 1C or MCC 1D. After reset of safety injection, the
spent fuel pool (SFP) standby pump can be manually started.
Following a safety injection signal with loss of offsite power (1A diesel generator output
breaker closed), spent fuel pool (SFP) pump A, if operating, will be shed from MCC 1C.
After reset of safety injection and reset of the MCC 1C load shed device, spent fuel pool
(SFP) pump A can be manually started.
In the event of spent fuel pump shedding, the cooling of the spent fuel pool (SFP) water will
be interrupted and the water temperature will increase as indicated in Section 9.1.3.4.3 until
cooling is restored.
The clarity and purity of the spent fuel pool (SFP) water is maintained by passing
approximately 60 gpm of the flow through a filter and demineralizer.
In the event of low water level in the spent fuel pool (SFP), a level switch will trip spent fuel
pool (SFP) pump B. The switch actuates at elevation 275 ft-11.5 in., which is approximately
2 ft below the top of the spent fuel pool (SFP) and approximately 2 ft above the pump upper
suction line. To protect against the possibility of complete loss of water in the spent fuel pool
(SFP), the upper suction line penetrates the spent fuel pool (SFP) near the top of the pool.
The lower suction line penetrates the spent fuel pool (SFP) approximately 5 ft-4 in. above the
top of the fuel racks to preclude the possibility of draining the pool and to ensure a minimum
water level of 5 ft-4 in. above the top of the fuel. See Figure 9.1-7
The spent fuel pool (SFP) cooling water return line, which terminates at the bottom of the
spent fuel pool (SFP), contains a passive siphon breaker device near the normal spent fuel
pool (SFP) water level so that the pool water cannot be siphoned.
9.1.3.2.3

Suction Lineup Using Spent Fuel Pool (SFP) Pump A

When spent fuel pool (SFP) pump A is in operation by itself, it is normally lined up to the
upper spent fuel pool suction with the lower suction line isolated. For off normal conditions
where the pool level is temporarily lowered (such as maintenance, transfer slot filling
evolutions or emergency conditions), operation using the lower suction has been evaluated
(Reference 34). This configuration has been shown to be acceptable as long as the spent fuel
pool is maintained at an elevation greater than 261 ft and the pool temperature is less than
150F. This evaluation involved a test which showed that spent fuel pool stratification is
negligible when SFP pump A is operating on the lower suction.
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9.1.3.3

Spent Fuel Pool (SFP) Cooling System Components

Table 9.1-4 lists the spent fuel pool (SFP) cooling system component data.
9.1.3.3.1

Spent Fuel Pool (SFP) Heat Exchangers

The spent fuel pool (SFP) heat exchangers are of the shell and U-tube type with the tubes
welded to the tubesheet. Service water (SW) circulates through the shell, and spent fuel pool
(SFP) water circulates through the tubes. The tubes are austenitic stainless steel, the shell of
SFP Heat Exchanger B is stainless steel, and the shell of SFP Heat Exchanger A is carbon
steel.
9.1.3.3.2

Spent Fuel Pool (SFP) Pumps

The spent fuel pool (SFP) pumps circulate water in the spent fuel pool (SFP) cooling system
to accomplish the heat removal function. All wetted surfaces of the pumps are austenitic
stainless steel or equivalent corrosion resistant material. The pumps are operated manually
from local stations. Spent fuel pool (SFP) pump A, if operating, is automatically shed from
MCC 1C following a safety injection signal, with a loss of offsite power (1A diesel generator
output breaker closed). Spent fuel pool (SFP) pump B, if operating, is automatically shed
from 480-V safeguards bus 16 following a safety injection signal. Spent fuel pool (SFP)
standby pump, if operating, is automatically shed from its current power supply, MCC 1C or
MCC 1D following a safety injection signal.
9.1.3.3.3

Spent Fuel Pool (SFP) Filter

The spent fuel pool (SFP) filter removes particulate matter larger than 5 microns from the
spent fuel pool (SFP) water. The filter cartridge is of synthetic fiber and the vessel shell is
austenitic stainless steel.
9.1.3.3.4

Spent Fuel Pool (SFP) Strainer

A stainless steel strainer is located at the upper inlet of the spent fuel pool (SFP) suction line
for removal of relatively large particles, which might otherwise clog the spent fuel pool (SFP)
demineralizer.
9.1.3.3.5

Spent Fuel Pool (SFP) Demineralizer

The demineralizer is sized to pass approximately 60 gpm to provide adequate purification of
the fuel pool water for unrestricted area access to the working area, and to maintain optical
clarity.
9.1.3.3.6

Spent Fuel Pool (SFP) Skimmer

A skimmer pump and filter are provided for surface skimming of the spent fuel pool (SFP)
water.
9.1.3.3.7

Spent Fuel Pool (SFP) Valves

Manual stop valves are used to isolate equipment and lines, and manual throttle valves
provide flow control. Valves in contact with spent fuel pool (SFP) water are austenitic
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stainless steel or equivalent corrosion-resistant material. Motor-operated valves are used to
isolate service water (SW) flow to the spent fuel pool (SFP) heat exchangers. They have
remote manual control from the control room and close automatically upon coincidence of
safety injection and loss of offsite power (normal feed breaker to bus 14/16 open
coincident with safety injection).
9.1.3.3.8

Spent Fuel Pool (SFP) Piping

All piping in contact with spent fuel pool (SFP) water is austenitic stainless steel. The piping
is welded except where flanged connections are used at the pump, heat exchanger, and filter
to facilitate maintenance. The hoses from the SFP Standby Loop to the spent fuel pool (SFP)
piping and the service water (SW) piping are styrene butadiene rubber or equivalent.
9.1.3.4
9.1.3.4.1
9.1.3.4.1.1

System Evaluation
Thermal-Hydraulic Analysis
Heat Removal Requirements

The heat removal criteria of the spent fuel pool (SFP) cooling system are given in Section
9.1.3.1 and are that the system should be capable of maintaining the spent fuel pool (SFP)
temperature less than or equal to 120F during typical normal refueling operations and less
than or equal to 150F during full core discharge situations. Depending on the lake
temperature and off-load time for a normal refueling outage, spent fuel pool (SFP)
temperature may exceed 120F for a short time period.
9.1.3.4.1.2

Service Water Temperature

The spent fuel pool (SFP) heat exchanger transfers heat from the spent fuel pool (SFP) water
to the service water (SW). The service water (SW) system is discussed in Section 9.2.1.
The temperature of the service water (SW) going into the spent fuel pool (SFP) heat
exchanger is a controlling factor in determining the heat transfer capability of the spent fuel
pool (SFP) cooling system. The service water (SW) temperature is approximately the same
as the intake (lake) water temperature except during the winter months when recirculation is
used as necessary to moderate the service water temperature.
The intake water temperature has been recorded since December 1969. The data through the
end of 1975 showed the following:
1. The instantaneous daily maximum temperature exceeded 80F three times and then only by
a maximum of 2F.
2. The monthly average of the daily maximum temperatures had not exceeded 75F.
3. The monthly average of the daily average temperatures had not exceeded 73F.
The data from 1978 through 1988 confirmed items 1, 2, and 3 above with no occurrence of
the daily maximum temperature exceeding 80F. The service water (SW) temperature to the
inlet of the spent fuel pool (SFP) cooling system heat exchanger can therefore be assumed to
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be 80F or less. See Section 9.1.3.1 for a discussion of the current maximum service water
(SW) temperature.
9.1.3.4.1.3

Analysis of Heat Removal System

The spent fuel pool (SFP) cooling system is described in Section 9.1.3.1. Water is drawn
from the spent fuel pool (SFP) by the spent fuel pool (SFP) pump, forced through the heat
exchanger, and returned to the spent fuel pool (SFP). The heat exchanger is cooled by the
service water (SW). Approximately 60 gpm of the water from the spent fuel pool (SFP)
bypasses the heat exchanger and is passed through a demineralizer and filter.
The design capabilities of the spent fuel pool (SFP) cooling system were calculated for 120F
and 150F (maximum normal pool temperature). For SFP heat exchanger A, a service water
(SW) flow of 700 gpm at 80F was assumed with a spent fuel pool (SFP) outlet flow of 610
gpm and with only 550 gpm flowing through the spent fuel pool (SFP) cooling system heat
exchanger. Under these conditions, the heat exchanger, with design fouling, will transfer 5.3
x 106 Btu/hr with a spent fuel pool (SFP) outlet temperature of 120F and 7.93 x 106 Btu/hr
with a spent fuel pool (SFP) outlet temperature of 150F. For SFP heat exchanger B, a 1600gpm service water (SW) flow at 85F was assumed with a spent fuel pool (SFP) outlet flow of
1200 gpm passing through spent fuel pool (SFP) heat exchanger B. Under these conditions
the heat exchanger will transfer 32 x 106 Btu/hr with a spent fuel pool (SFP) outlet
temperature of 150F. For SFP heat exchanger B, with a service water (SW) flow of 1000
gpm, pool water temperature of 120F, pool water flow of 1200 gpm through the heat
exchanger, the heat exchanger will transfer 16 x 106 Btu/hr. The ratings of each cooling
loop are shown in Table 9.1-3.
9.1.3.4.1.4

Cooling Water Flow in Fuel Pool

Water is returned to the spent fuel pool (SFP) from the spent fuel pool (SFP) cooling system
heat exchanger through a discharge pipe entering the pool at the west wall. Water enters the
spent fuel pool (SFP) cooling system through another pipe located on the south wall. To
ensure proper cooling of the fuel assemblies, the discharge pipe is routed along the west wall
of the spent fuel pool (SFP). The pedestal and rack baseplate designs provide sufficient
cutouts for fluid cooling while ensuring adequate structural strength. Details of the rack
baseplate designs are available in Reference 39.
9.1.3.4.1.5

Cooling Analysis of Individual Fuel Assemblies

Pre-uprate Analysis
The major cooling mechanism for fuel assemblies stored in the spent fuel pool is natural
circulation cooling that is induced by the decay heat generated in the fuel assemblies. The
density difference between the hot water in the spent fuel pool racks and the bulk pool water
above the racks results in a thermal driving head for establishing water flow through each
canister that contains a spent fuel assembly. The water flow through an individual spent fuel
canister is determined by balancing the thermal head or buoyancy term for the individual
canister with its associated unrecoverable pressure losses due to water flow. The canister
thermal head term is determined by the decay heat generation for the stored fuel assembly.

Page 28 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

The natural circulation pressure losses occur due to frictional losses in the downcomer flow
region, turning losses, canister entrance and exit losses, frictional losses for flow past the fuel
assembly, and contraction and expansion losses at a number of locations associated with flow
at the base of a spent fuel rack, underneath the spent fuel rack and through the cooling holes
contained in the rack pedestals.
Due to the different spent fuel rack designs used in the spent fuel pool (e.g. types 1-4) and
differences in decay heat limitations between region 1 and region 2 of the spent fuel pool, a
number of individual natural circulation cooling analyses were performed to identify the
limiting spent fuel canister location and verify adequacy of cooling water flow. Adequate
cooling water flow exists for all spent fuel assemblies by demonstrating that the peak
cladding temperature and the exiting cooling water temperature for the limiting fuel
assembly are both below the boiling water temperature at the discharge of the spent fuel
canister. The boiling water temperature limit is 238.9F which corresponds to the saturation
temperature due to the static head associated with 23 feet of water at a bulk temperature of
150F.
To verify adequate natural circulation cooling water flow to individual spent fuel assemblies
the following configurations were analyzed in Reference 39:
1. Type 2 rack in region 2
2. Type 3 rack in region 1
3. Type 4 rack in region 2
For each region and rack type, the cooling water flow for the hottest spent fuel assembly was
calculated. The maximum fuel clad and water exit temperature were calculated with the
following conservative assumptions:
a. Maximize spent fuel assembly decay heat based on bounding fuel enrichment and burn-up
b. Maximize decay heat based on minimum shutdown time of 100 hours for region 1 fuel
assemblies and 60 days for region 2 fuel assemblies (region 2 was also analyzed for a decay
heat based on minimum shutdown time of 100 hours in Reference 74).
c. Maximize canister water exit temperature by assuming a maximum pool bulk temperature
of 150F.
d. Maximize hot assembly decay heat based upon hot channel peaking factor of FN

H

= 1.75

The results of the Reference 39 local fuel assembly natural circulation cooling analyses
identified that the limiting fuel assembly was located in a type 3 canister in region 1. The
maximum cladding and exiting water temperature for the limiting type 3 canister are 232F
and 222F respectively. These results are below the 238.9F boiling temperature for the
water at the top of the spent fuel racks. The type 3 canister location was more limiting than
the region 2 racks analyzed due to the significantly higher decay heat used for its hot
assembly based upon the 100-hour shutdown assumption. Therefore, the natural circulation
cooling results for the type 3 racks bound the results for the other three rack types.
Uprate Analysis
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Based on the pre-uprate analysis, the limiting hot assembly cooling analysis is for a Type 3
fuel assembly discharged to spent fuel pool region 1 after a 100-hour shutdown time. At 1520
MWt the maximum temperature leaving the hot assembly is 222F which is below the
238.9F boiling temperature for water at the top of the spent fuel pool rack. At uprate with a
core power level of 1775 MWt, the heat load in the hot assembly at 100 hours after a shutdown would increase proportionally with the change in power level or ~17% (1775 MWt /
1520 MWt). Conservatively ignoring the increase in mass flow through the hot assembly due
to the increased heat load, a 17 % increase in assembly decay heat would result in a
corresponding 17 % increase in temperature rise across the fuel assembly. The water inlet
temperature for the existing hot assembly analysis is 150F which results in a temperature rise
of 72F for the pre-uprate analysis. Therefore, at uprate the 17 % increase in core power
would conservatively result in a hot assembly temperature rise of ~ 85F (1.17 x 72F). The
resulting water temperature leaving the hot assembly spent fuel pool rack would be ~235F.
Since this temperature is still below the boiling temperature of the water at the spent fuel pool
rack location, adequate cooling water is provided to the hot assembly at uprate. In reality, the
actual temperature rise across the hot assembly would be less than 85F. The increase in water
outlet temperature results in increased thermal buoyancy in the hot assembly. This increased
buoyancy result in a higher mass flow through the hot assembly at uprate and
correspondingly a lower water temperature rise.
The increase in water exit temperature leaving the spent fuel rack would also result in an
increase in the maximum cladding temperature. The pre-uprate analysis determined that the
peak cladding temperature would be approximately 232F or 10F higher than the water exit
temperature. With the ~13F increase in water exit temperature at uprate, the maximum clad
temperature would also be expected to increase a comparable amount. This would result in
the peak clad temperature exceeding the water saturation temperature which would result in
the onset of boiling heat transfer. The transition to pool boiling heat transfer from single phase
heat transfer would result in an increase in the heat transfer coefficient between the cladding
and the bulk water. This would result in a decrease in the required temperature differential
between the water and cladding to remove the cladding decay heat. Therefore, the increase in
cladding peak temperature would be smaller than the increase in water temperature. The
transition to boiling heat transfer could cause the peak cladding temperature to be slightly
higher than the water saturation temperature. Since the peak temperature is only slightly
higher than the water saturation temperature, adequate cooling of the cladding for the hot
assembly at uprate is still being maintained.
9.1.3.4.1.6

Cooling Analysis of Consolidated Fuel Canisters

In addition to the local fuel assembly cooling analysis discussed in Section 9.1.3.4.1.5,
Reference 39 also re-evaluated natural circulation cooling of fuel canisters that contained
consolidated fuel rods. The re-analysis assumed that the limiting consolidated canister
contained fuel rods from two fuel assemblies (358 fuel rods) with a minimum decay time of 5
years. To maximize decay heat generation, the fuel rods were assumed to have a burn-up of
60 GWD/ MTU. The consolidated canister was located in the most limiting position in
region 1 of the spent fuel pool (SFP). The resulting peak cladding and water outlet
temperatures are 231F and 222F, respectively, which are both below the 238.9F boiling
temperature limit at the top of the spent fuel racks. This analysis was based on a fuel
assembly decay heat load of 4335
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BTU/hr (Reference 74) which exceeds the Ginna Technical Specifications Section 4.3.1.1
limit of 2150 BTU/hr for a fuel assembly to be stored in a consolidated canister.
9.1.3.4.1.7

Normal 1/3 Core Off-Load Cooling Capability

For a normal refueling outage, approximately 1/3 of the core is off-loaded to the spent fuel
pool (SFP). SFP cooling is typically provided by operating one SFP cooling loop with 100%
back-up capability being available by having another SFP cooling loop operable, as defined in
the Technical Requirements Manual (TRM). The available SFP cooling system is required
to maintain the bulk SFP temperature below 150F. The actual heat load from irradiated fuel
assemblies stored within the SFP is a variable based on the total number of assemblies stored,
the power history of the individual assemblies, and the time since the assemblies were last
irradiated. The actual heat removal capabilities of each SFP cooling loop are also variables,
and the heat removal capabilities are determined by Nuclear Engineering Services based on
plant conditions. For a 150F SFP bulk temperature, SFP Loop B is capable of removing 32
x 106 Btu/hr with a service water temperature of 85F. Although SFP heat exchanger A is
required to remove 7.93 x 106 Btu/hr at 150F SFP temperature, actual heat removal
capability for SFP heat exchanger A at this temperature is significantly higher than the design
requirement. As discussed in Reference 43, the heat exchanger is capable of removing a
minimum of 9.3 x 106 Btu/hr for a 150F SFP temperature and an 80F service water
temperature.
A normal refueling outage occurs approximately every 18 months and is based upon removal
of approximately one-third of the 121 reactor core fuel assemblies. For the uprate operating
conditions, the typical number of fuel assemblies to be discharged is expected to alternate
between 44 and 45 fuel assemblies per outage. For normal core refueling in 2029 at the
expiration of present operating license, the decay heat was calculated based upon 45 fuel
assemblies irradiated for 18 months at a power level of 1811 MWt and off-loaded 100 hours
after a reactor shutdown. This decay heat load was calculated by the ORIGEN2 computer
program (Reference 40) based upon bounding assessments of fuel burn-up and a reactor
power of 102% of rated full EPU power and corresponds to approximately 9.0 x 106 Btu/hr.
ORIGEN2 has previously been used for the Ginna Re-racking Licensing Amendment
Request in 1998. In addition, the background heat load in the SFP is based upon the
assumption that 1200 previously discharged fuel assemblies are resident in the spent fuel
pool with a combined decay heat of 3.9 x 106 Btu/hr. The combined decay heat for
previously discharged assemblies is based upon the actual fuel assembly discharge history
for all refueling outages prior to 1997 and the offloading sequence described above.
Presently, the actual number of spent fuel rack storage positions installed in the SFP is 1321.
Due to the present inventory of stored fuel assemblies, Ginna plans to implement on-site dry
cask storage around 2009 to accommodate the off-loads out through 2029. Therefore, to
maximize the pool residual heat load from the existing 1321 storage positions a bounding
full core off-load in 2029 was assumed. The off-load analysis assumed completely filling all
1321 available storage locations. The previously discharged fuel was assumed to be the most
recent spent fuel available to completely fill the pool. This assumes that fuel assemblies
being stored in dry casks are the oldest fuel assemblies with the lowest decay heat rates.
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Therefore, for a normal 45 fuel assembly core refueling outage, a bounding estimate of the
total spent fuel pool heat load at the time of core off-load is 12.9 x 106 Btu/hr.
Since the total heat load for a normal 45 fuel assembly off-load 100 hours after the reactor
shutdown is well below the available heat removal capability of SFP heat exchanger B and
the available heat removal capability of either SFP pump A or the standby SFP pump cross
connected to SFP heat exchanger B, the maximum expected spent fuel pool temperature
would be below the 150F limit.
Although a 1/3 core discharge to the spent fuel pool after a shutdown time of 100 hours would
not approach the 150F pool operational limit, the bounding off-load at 100 hours could cause
the SFP temperature to exceed the 120F value identified in Section 9.1.3.4.1 as the nominal
upper bound for a normal refueling outage. The actual pool temperature for a 1/3 core offload scenario would be dependent upon actual service water temperature as well as actual
shutdown time to off-load and total decay heat inventory of the SFP. For the bounding 1/3
core off-load initiated at 100 hours time, the time period that the pool temperature could
exceed 120F would be small due to the continued reduction with time of the off-loaded fuel
decay heat.
9.1.3.4.1.8

Full Core Off-Load Cooling Capability

For a full core off-load scenario spent fuel pool (SFP) cooling is provided by six (6) SFP
cooling system options, as listed in the Technical Requirements Manual (TRM). These SFP
cooling system options are:
1. SFP Loop A (normal)
2. SFP Loop A (cross-connect)
3. SFP Loop B (normal)
4. SFP Loop B (cross-connect)
5. SFP Standby Loop (cross-connect A)
6. SFP Standby Loop (cross-connect B)
The Technical Requirements Manual (TRM) specifies the minimum required time after shutdown for each of the six (6) options listed above. The available SFP cooling system is
capable of maintaining the bulk SFP temperature below 150F as required by the Technical
Requirements Manual (TRM). Use of the 150F pool temperature limit provides 30F of
margin to the spent fuel pool structural integrity design limit of 180F.
Consideration of a single passive failure for SFP cooling is not required by the NRC Standard
Review Plan (SRP) (Reference 46) and is not a part of the licensing basis for the Ginna
Station SFP cooling system. Per Section 9.1.3 of the SRP, for the “maximum normal heat
load” (of the spent fuel pool) there should be suitable redundancy of components so that
safety functions can be performed assuming a single active failure of a component
coincident with the loss of offsite power. For the “abnormal maximum heat load” (defined in
the SRP as full core unload), a single active failure need not be considered. The NRC
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Systematic Evaluation Program (SEP) evaluated Ginna Station’s conformance to the SRP.
Ginna Station’s conformance to SRP Section 9.1.3 is addressed in Reference 47 and
Reference 48.
The minimum amount of time required after plant shutdown before the full core can be offloaded is a function of the available SFP heat removal capability. Since cooling is provided
by service water from Lake Ontario, the SFP heat removal capability is a function of lake
temperature. The allowed combinations of lake temperature (as measured by screen house
bay water temperature), time after shutdown, and SFP cooling system options, are
cycle/outage specific and these combinations need to be re-evaluated for each full core offload. The current requirements are listed in the Technical Requirements Manual (TRM).
The Technical Requirements Manual (TRM) indicates that the required time after shutdown
prior to initiating a full core off-load is strongly dependent upon the available lake
temperature. Use of an 85°F lake temperature for assessing full core off-loads during a typical
Ginna fall or spring outage associated with an eighteen-month fuel cycle may require
delaying core off-load for an extended period. Consequently, for performing full core offloads, each off-load scenario is conservatively evaluated on a case by case basis to identify
the minimum required time after shutdown.
The minimum time after shutdown before initiating a full core off-load is determined by a
conservative assessment of an upper bound lake temperature for the actual time of year and a
review of historic lake temperature data. The total pool background decay heat is also
conservatively assessed for the actual loading of spent fuel in the pool and operating
characteristics of the off-loaded fuel. The performance of the available spent fuel pool
cooling system is conservatively assessed based upon the latest heat exchanger thermal
performance test results along with the actual available heat exchanger surface area (e.g.
current plugging level of the SFP heat exchangers). These parameters are used to determine
both the available heat removal cooling capability at a 150°F pool temperature as well as the
total spent fuel pool heat load as a function of shutdown time. Full core off-loads are not
initiated until the spent fuel pool decay heat with the off-loaded core is less than the heat
removal capability of the available cooling systems.
Additionally, as required by Reference 38 for any full core off-load, the cycle specific limits
for lake temperature and time after shutdown will be specified by the Technical Requirements
Manual (TRM). The Technical Requirements Manual (TRM) also requires the availability of
a 100% back-up SFP cooling heat removal system.
9.1.3.4.2

Leakage Provisions

Whenever a leaking fuel assembly is transferred from the fuel transfer canal to the spent fuel
storage pool, a small quantity of fission products may enter the spent fuel cooling water. A
small purification loop is provided for removing these fission products and other
contaminants from the water. Radiation monitors detect leakage of spent fuel pool (SFP)
water from the spent fuel pool (SFP) heat exchangers A or B into the service water (SW)
system (see Section 11.5.2.2.13).
The probability of inadvertently draining the water from the spent fuel pool (SFP) cooling
system is exceedingly low. The only means is through an action such as opening a valve on
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the cooling line and leaving it open when the pump is operating. In the unlikely event of water
being drained from a portion of the SFP cooling system, the spent fuel storage pool itself cannot
be drained, and no spent fuel is uncovered since the spent fuel pool (SFP) cooling connections
enter near the top of the pool. Although the spent fuel pool (SFP) cooling pump discharge
piping discharges near the bottom of the storage racks, a 1/4-in.-diameter drilled hole in the
discharge piping, located approximately 18 in. below the normal spent fuel pool (SFP) water
level, anti-siphoning protection for events such as a mispositioned valve or a cracked pipe. At
the same depth below the surface, a 1-1/2 in. diameter vent pipe has been added to allow air to
enter at the highest point of the discharge pipe and is sized to accommodate the worst-case
scenario of a double-guillotine pipe break, thereby precluding lowering of the water level and
uncovering the spent fuel assemblies.. The temperature and level indicators in the spent fuel
pool (SFP) would warn the operator of the loss of cooling. The slow heatup rate of the spent
fuel pool (SFP) would allow sufficient time to take any necessary action to provide adequate
cooling while the cooling capability of the spent fuel pool (SFP) cooling system is being
restored.
9.1.3.4.3

Interruption of Spent Fuel Pool (SFP) Cooling

For plant uprate to 1775 MWt, the impact of a complete loss of spent fuel pool (SFP) cooling
capability was evaluated. The loss of SFP cooling was assumed to occur 100 hours after
reactor shutdown immediately following a full core off-load with an initial SFP temperature
of 150F and SFP Loop B in operation. Since the shutdown time required for a full core offload is a function of lake temperature as discussed in Section 9.1.3.4.1.8, SFP heat-up was
analyzed for lake temperatures of 40F, 60F and 80F.
The SFP heat-up analysis conservatively neglected any cooling associated with heat transfer
to the SFP concrete walls, convective cooling to the ambient air and any evaporative cooling
from the pool surface. The analysis took credit for the thermal inertia of the SFP water as
well as the thermal inertia associated with the SFP racks, stored fuel assemblies and the SFP
steel liner. The SFP heat load was assumed to be constant over the duration of the SFP heatup. The SFP heat load assumed for the heat-up analysis is listed in Table 9.1-6 for the three
lake temperatures analyzed. For the 40F, 60F, and 80F lake temperature, the heat load
assumed is equal to the heat removal capability of the SFP cooling system at a 150F pool
temperature.
Since the SFP structural design basis temperature is 180F, the heat-up time from 150F to the
180F limit was analyzed for heat-up rates based on the operation of SFP heat exchanger B.
Heat-up rates were calculated for lake temperatures of 40F, 60F and 80F. The results of
these analyses assuming a complete loss of cooling are presented in Table 9.1-6. Heat up
times to 212F have also been calculated, though the 180F heat-up times are controlling for
Ginna since they correspond to the SFP design temperature of 180F. These heat-up rates to
212F and corresponding boil-off rates are also listed in Table 9.1-6. The heat-up rates to
212F are conservative because they do not include any operator action to restore cooling
from an alternate source.
A makeup water flow rate of 60 gpm can be made available from the refueling water storage
tank in less than 15 minutes. This make-up rate exceeds all of the boil-off rates listed in Table
9.1-6. As a back-up, 50 gpm of water from the chemical and volume control system hold up
tanks can also be made available in approximately 15 minutes. For cases where the initial
boil-off rate exceeds the back-up make-up source of 50 gpm, the mass imbalance would result
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in a maximum inventory loss from the SFP of less than 2 inches (Reference 75). Ginna
Technical Specifications (T.S.) 3.7.11 requires that the water level be greater than or equal to
23 feet above the top of the fuel assemblies in the SFP. Additionally, T.S. 3.7.11 requires
stopping any fuel movement activities if the SFP level falls below 23 ft. Since the potential
decrease in SFP inventory following a loss of cooling event is small, the resulting loss in
inventory for the bounding case was determined to be acceptable (Reference 68).
The use of redundant components in the SFP cooling system provides adequate protection
against primary component failures. Valves are also provided for isolating individual branch
connections, pumps and heat exchangers should they fail. The existence of the installed SFP
cooling systems and the availability of the SFP Standby Loop and other options as listed in
the Technical Requirements Manual (TRM) provide assurance that SFP cooling can be
restored should SFP cooling be rendered inoperable during a safety basis heat load scenario.
Following a complete loss of SFP cooling, operator actions would be taken to restore SFP
cooling system capability, using one or more of the options as listed in the Technical
Requirements Manual (TRM). The SFP cooling system can be aligned to establish cooling
prior to the SFP heat-up to 180F.
Following a complete loss of SFP cooling due to a loss of SFP heat exchanger B during a full
core off-load, previous evaluations credited the availability of SFP heat exchanger A and SFP
standby heat exchanger to be aligned prior to reaching the structural temperature of the pool.
Reference 80 and Reference 81 re-evaluated the loss of SFP heat exchanger B and determined
the most limiting single active failures that cause a loss of the heat exchanger are a failure of
a service water (SW) supply isolation Motor Operated Valve (MOV) in the closed position
and a loss of a SFP pump. In contrast to the previous evaluation that credited manual action
to align other heat exchangers, manual action is credited for opening the failed closed valve to
restore cooling to SFP heat exchanger B and aligning another SFP pump to SFP heat
exchanger B, respectively. In the event of either failure, sufficient time (2.4 hours per
Reference 81) would be available to perform the procedurally directed actions to ensure the
structural temperature limit of the pool would not be exceeded. An analysis was performed
to demonstrate the time to boil if there is a complete loss of cooling to the SFP. A makeup
water flow rate of 60 gpm can be made available from the refueling water storage tank in
less than 15 minutes. As an alternative, 50 gpm of water from the chemical and volume
control system hold up tanks can also be made available in approximately 15 minutes such
that cooling the SFP by adding makeup water during an unlikely event of a complete loss of
SFP cooling conforms with the guidance described in the NRC Standard Review Plan (SRP),
(Reference 46); therefore, it is acceptable. The results of this analysis are documented in
Reference 38, where the NRC concludes that cooling the SFP by adding makeup water
during an unlikely event of a complete loss of SFP cooling conforms with the guidance
described in the NRC Standard Review Plan (SRP) (Reference 46); therefore, it is
acceptable. To conform to this conclusion, the maximum SFP heat load is limited to 25.67 x
106 Btu/hr (Reference 81). The SFP cooling capability provided is capable of maintaining
SFP temperature below the 180F structural design limit for the SFP.
It should be noted that a Standby SFP heat exchanger is available for use for beyond design
basis events where additional heat removal capacity is required. The Standby SFP heat
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exchanger was originally designed to have a heat removal capacity equivalent to SFP heat
exchanger A. The Standby SFP heat exchanger is not permanently installed and requires hose
installation to allow use. The Standby SFP heat exchanger is no longer credited within the
Technical Requirements Manual (TRM) and was removed from the Technical Requirements
Manual (TRM) due to the evaluation within Reference 80.
9.1.3.5

Minimum Operating Conditions

The spent fuel storage pool is normally limited to 120F except in unusual circumstances as
previously described. Boric acid concentration in the pool fluid must be maintained at a
minimum of 2300 ppm.
9.1.4

FUEL HANDLING SYSTEMS

The fuel handling systems provide a safe and effective means for transporting and handling
reactor fuel from the time the fuel reaches the plant in an unirradiated condition until it leaves
the plant after post-irradiation cooling. The fuel handling systems can be divided into the two
categories of fuel storage and fuel handling. Fuel storage is discussed in Sections 9.1.1
through 9.1.3. The Independent Spent Fuel Storage Installation (ISFSI) will serve as a
facility for the interim storage of sealed, leak proof, and self-contained dry shielded canisters
holding spent fuel. The fuel handling category covers the facilities other than storage,
equipment, and tools used to refuel the reactor and are discussed below.
The existing fuel handling equipment is too long and incapable of transferring spent fuel
assemblies from storage locations into the ISFSI Dry Shielded Canister. A new shorter Spent
Fuel Cask Loading Tool (SFCLT) (see Figure 9.1-11) was designed and fabricated. A
SFCLT storage bracket was installed in the Spent Fuel Pool.
As a result of using Westinghouse 422Vantage+ fuel assemblies, the following changes were
made to existing fuel handling tools:
•

Replace refueling machine gripper with any equivalent gripper design that is compatible
with both the existing Ginna fuel assembly types and the new 422V+ design.

•

Obtain new spent fuel and new fuel handling tools that are compatible with both the
existing Ginna fuel assembly types and the new 422V+ design.

•

Adjust RCCS stop on fuel handling car to prevent interference when transferring new
422V+ fuel from containment and the SFP.

•

Modify portable RCCS tool to be compatible with both the existing Ginna fuel assembly
types and the new 422V+ design.

9.1.4.1

Reactor Cavity

The reactor cavity is a reinforced-concrete structure that forms a pool above the reactor when
it is filled with borated water for MODE 6 (Refueling). The cavity is filled to a depth that
limits the radiation at the surface of the water to 50 mR/hr during those brief periods when a
fuel assembly is transferred over the reactor vessel flange. The reactor vessel flange is sealed
to the bottom of the reactor cavity by a cam-lock seal ring, which prevents leakage of
refueling water from the cavity. This seal is installed after reactor cooldown but prior to
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flooding the cavity for MODE 6 (Refueling) operations. The previously used inflatable seal
is available in the event it is needed. The cavity is large enough to provide storage space for
the reactor upper and lower internals, the rod cluster control drive shafts, and miscellaneous
refueling tools.
The likelihood of reactor cavity seal failure and its consequences were analyzed in response
to IE Bulletin 84-03 (References 16 and 17). It was concluded that seal failure, such as
occurred at Haddam Neck, is improbable due to differences in both plant and seal design.
Since the cam-lock seal was developed after IE Bulletin 84-03, the design is different than
that used at Haddam Neck. However, should a postulated gross seal failure occur, operator
action is necessary to prevent fuel uncovery only in the event that a fuel assembly is in the
manipulator crane mast at the time of the event. Procedures direct the crane operator to take
appropriate action to protect the fuel assembly from overheating. For all other cases, the fuel
remains covered, although some water shielding will be lost. High-radiation fields, which
could result, will have negligible effect on the general public.
To maintain clarity of the water in the reactor cavity during MODE 6 (Refueling), a reactor
cavity filtration system has been installed, which consists of a 600-gpm centrifugal pump and
four filters.
9.1.4.2

Refueling Canal

The refueling canal is a passageway extending from the reactor cavity to the inside surface of
the reactor containment. The canal is formed by two concrete shielding walls which extend
upward to the same elevation as the reactor cavity. The floor of the canal is at a lower
elevation than the reactor cavity to provide the greater depth required for the fuel transfer
system upender and the rod cluster control changing fixture located in the canal. The
transfer tube enters the reactor containment and protrudes through the end of the canal.
Canal wall and floor linings are similar to those for the reactor cavity.
9.1.4.3
9.1.4.3.1

Fuel Handling Equipment
Auxiliary Building Crane

The auxiliary building crane is used in moving the new fuel assemblies into and out of their
storage area and in the movement of the spent fuel shipping cask. The crane is electrically
interlocked to prevent movement over the spent fuel storage racks. These interlocks may be
defeated by keys, and when defeated, indicate the condition by rotating flashing yellow or red
lights. When in this condition, the crane operator is responsible to observe the following
restrictions: (1) A load in excess of one fuel assembly and its handling tool may not be
carried over storage racks containing spent fuel unless control of the heavy load adheres to the
guidance provided in NUREG-0554 and NUREG-0612 for assuring that the potential for a
load drop is "extremely small," through the use of a single-failure-proof crane and redundant
rigging and attachment points; and (2) the restriction in (1) shall not apply to the movement of
canisters containing consolidated fuel rods if the spent fuel racks beneath the transported
canister contain only spent fuel that has decayed at least 60 days since reactor shutdown. The
weight of one standard fuel assembly and its handling tool is 2000 lb. The weight of a fully
loaded canister is approximately 2300 lb.
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The auxiliary building crane main hoist meets the single-failure criteria of NUREG 0554 and
NUREG 0612. The main hoist is rated at 32.5 tons; however, the maximum critical load is 30
tons, which is characterized as a fully loaded single-element spent fuel cask with a redundant
yoke. No single failure of any lifting component of the main hoist will result in the drop of
any load up to 32.5 tons. The main hoist is used for handling heavy loads such as the spent
fuel cask. The main hoist is capable of stopping and holding the load under all conditions,
including the safe shutdown earthquake. The 5-ton auxiliary hoist, which does not meet the
single-failure criteria of NUREG 0554 and NUREG 0612, is used to handle new fuel
assemblies and canisters. Administrative procedural controls and the Technical Requirements
Manual restrict the use of the auxiliary building crane when handling heavy loads.
9.1.4.3.2

New Fuel Elevator

The new fuel elevator is a box-shaped carriage (sized to contain a single fuel assembly),
which rides on a track mounted to the spent fuel pool (SFP) wall. It is used to lower new fuel
assemblies into the spent fuel pool (SFP). It is also utilized under special administrative
controls to perform fuel reconstitution activities on spent fuel assemblies. The elevator is not
interlocked, but the button must be continuously depressed for up or down movement. An
electric winch is used as the motive power for the elevator and is controlled from the spent
fuel pool bridge control panel located on the operating floor level.
9.1.4.3.3

Spent Fuel Pool (SFP) Bridge

The spent fuel pool (SFP) bridge is a wheel-mounted walkway which spans the spent fuel
pool (SFP) in the north-south direction. It carries two electric motor driven monorail hoists on
overhead structures which may be manually positioned along the walkway. Fuel assemblies
are moved within the pool by means of a long-handled tool (spent fuel handling tool)
suspended from the hoist in service. The hoist travel and tool length limit the maximum lift
of a fuel assembly, thus maintaining a safe shielding depth of water above the fuel. A hoist
load cell used between the hoist and motorized trolley allows for a constant check on fuel
assembly load conditions. The monorail hoists and trolleys are rated at 1 ton. Rod Cluster
Control Assemblies (RCCAs) are moved within the pool by means of another long-handled
tool (Portable RCCA Tool).
9.1.4.3.4

Fuel Transfer System

The fuel transfer system is an underwater, variable speed cable/winch driven conveyor car
that runs on tracks extending from the spent fuel pool (SFP) through the transfer tube and into
the containment refueling canal. The conveyor car basket receives a fuel assembly in the
vertical position, is lowered to the horizontal for passage through the fuel transfer tube, and is
raised to the vertical for removal of the fuel assembly. Conveyor car motion and the upending
and lowering functions are controlled from panels on the operating floor.
Two electric winches are mounted above the water in the Auxiliary Building at the South end
of the transfer slot. The winches are electrically interlocked such that when one winch is
energized, the counter-torque of the other hoist is energized, maintaining cable tension at all
times. Reeved and attached to the conveyor car, the hoist moves the transfer conveyor back
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and forth between the Spent Fuel Pool (SFP) upender and the containment refueling canal
upender. The conveyor is capable of speeds up to 80 fpm.
The conveyor car winches are provided with load sensitive bases, which are used to deenergize the winches if the cable tension builds up to a preset limit, thereby providing
overload protection during operation. The load sensitive bases also function to protect from
a preset underload limit or slack cable condition.
The conveyor car winch, which pulls the conveyor car into the Auxiliary Building, is
equipped with a resolver, which provides both the Auxiliary Building and Containment
Refueling Canal stops and slow zones. As a redundancy feature, the Programmable Logic
Controller (PLC) monitors a resolver mounted on the reactor conveyor winch and compares
the positions reported by the two resolvers to ensure that they are within a reasonable delta.
The fuel assembly basket is pin-hinged to the conveyor car to permit tipping it to a vertical
position for fuel assembly loading and unloading. The basket engages with an upending
frame at either end of its travel, and when the frame is raised with an electric winch on the
operating floor, the basket and fuel assembly are raised with it. The lifting frames are
interlocked such that the conveyor car must be at the end of its travel before the frame will
operate. An interlock is also provided to prevent car motion unless the fuel assembly basket
is in the DOWN position. Note that the gate valve interlock is not currently functional and is
permanently jumpered out. Conveyor car motion is administratively controlled by refueling
procedures. The conveyor car is also provided with an emergency cable which allows the car
to be retrieved from the transfer tube should a cable break or the motor fail.
The fuel transfer tube through which the conveyor car runs may be closed on the spent fuel
pool (SFP) side with a gate valve, manually operated by means of a reach rod from the
operating floor. A blind flange is provided for the containment side. During normal plant
operations the conveyor car is stored in the spent fuel pool (SFP), the gate valve seals off the
reactor containment, and the blind flange seals the containment side of the tube.
9.1.4.3.5

Manipulator Crane

The manipulator crane transfers fuel assemblies within the core and between the core and the
fuel transfer system conveyor car. It is a rectilinear bridge and trolley crane with a vertical
mast, which extends down into the refueling water. The bridge spans the reactor cavity and
runs north-south on rails set along the cavity edge. The trolley traverses east-west along the
bridge. This allows exact positioning of the mast above any fuel assembly.
A long gripper tube with a pneumatic gripper assembly on the end is lowered down from the
mast to grip the fuel assembly. A winch mounted on the trolley raises the gripper tube and
fuel assembly up into the mast tube. While inside the mast tube, the fuel is transported to its
new position. The outer mast is mounted on a support bearing that allows rotation of the mast
about its centerline to allow proper alignment of the fuel.
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All controls for the manipulator crane are located on a console on the trolley. The drives for the
bridge, trolley, and winch are all variable speed. In an emergency, the drives may be operated
manually using a handwheel on the motor shaft.
The suspended weight on the gripper tool is monitored by electric load cells with an indicator
mounted on the console. A load in excess of 150lbs greater than a standard fuel assembly with
RCCA insert, stops the winch drive in the up direction. A load in excess of 150lbs less than a
standard fuel assembly, stops the winch drive in the down direction. The load cells also sense
a slack cable condition. Without slack cable indication an interlock prevents the control
system from signaling the gripper to disengage fuel. This interlock is backed up by a
mechanical weight actuated lock in the gripper which prevents gripper operation even if air
pressure is applied, thereby preventing opening when a fuel assembly is being supported.
The Manipulator Crane has an advanced control system which monitors mast position via a
series of encoders. A set of redundant encoders is provided for all axis of motion (Bridge,
Trolley and Winch). Should two encoders in a set differ by a given amount all crane motion
is locked out. The redundant encoders feed into the manipulator crane PLC based control
logic. The crane position is utilized by the PLC to provide three modes of control. Manual
mode during which all control is via operator input thru joystick, Semi-Auto during which the
bridge and trolley are simultaneously controlled by the PLC based control logic system after
the operator inputs the desired destination and Automatic during which the bridge and trolley
are simultaneously controlled by the PLC based control logic system after the destination is
provided by the fuel shuffle program uploaded into the control system and verified by the
operator. During all modes of operation the manipulator crane winch is controlled in manual.
There are several other safety features or interlocks incorporated in the manipulator crane:
1. Travel of the manipulator crane is limited to “safety to travel” zones.
2. The winch is interlocked with the bridge and trolley to prevent motion in any other axis
while the winch is in motion.
3. An interlock within the PLC based control system permits the hoist to be operated only
when either the Open or Closed indicating switch on the gripper is actuated. An alarm will
occur if the gripper remains in a transition zone between Open or Closed in excess of a set
duration of time.
4. Several zones of winch operation exist which prevent operation of the bridge and trolley
once the fuel has entered the core on index, restrict the winch to slow motion during fuel
transitions, etc.
5. The manipulator crane is designed so as not to drop a fuel assembly or to fall into the cavity
during a safe shutdown earthquake.
The manipulator crane was modified in 1997 to accept a skid mounted sipping system for inmast fuel assembly leakage examinations. The permanent aspects of this modification
include suction connections at the fuel gripper and associated hoses routed through the mast
to a dedicated location on the mast support structure.
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9.1.4.3.6

Reactor Vessel Head Lifting Device

The reactor head lifting device shown in Figure 9.1-10 consists of a welded and bolted
structural steel frame with suitable rigging for removal and storage of the reactor head for
servicing and replacing the reactor internal components.
The device, an annular ring girder, is permanently attached to three lifting lugs which are an
integral part of the reactor head through three lug assemblies. The legs are pinned and held
fastened by a jam nut. They extend vertically upward and pass through the girder and a
circular platform assembly to which they are based and welded. The upper portion of the lift
rig was modified by PCR 2001-0042 during the Fall 2003 refueling outage, to serve as a
portion of the control rod drive cooling system ductwork.
The platform elevation is such that it encloses the top of the control rod drive housing shroud
and thus provides access to and allows maintenance on the rod drives and position indication
equipment. A removable handrail is placed around the outer periphery of the platform.
Located around the outside bottom portion of the ring girder is an I-beam. The beam acts as a
support and monorail for the stud tensioners used during the refueling procedure. An
adjustable tripod lifting sling is pinned to the hook of the crane and lowered over the
platform assembly of the lifting rig. Each leg of the sling is positioned for alignment by its
turnbuckle and attached to the top of the three legs of the lifting rig in the same manner as to
the head.
The lifting sling must be removed and stored on the operating deck when not in use. Permanent
installation would impede placement of the missile shield located above the control rod drive
housing.
9.1.4.3.7

Reactor Internals Lifting Device

The internals lifting rig is a structural frame device used to handle the upper and lower reactor
vessel internal packages. The rig consists of a sling assembly, spreader assembly, leg assembly,
and support ring.
The rig is suspended from the main crane hook. The alignment of the rig, with respect to the
internals lift points, is obtained through bushings attached to the support ring which fit over
the reactor vessel guide studs. When the rig is not in use, it is normally stored on the upper
internals storage stand.
The rig is placed on the reactor vessel after the vessel head is removed and is bolted to the
internals. The rig normally remains on the internals until replacement in the reactor vessel
after the refueling operations are complete and the vessel head is to be reinstalled.
A tension or load cell is provided with the rig as part of the sling assembly. Its purpose is to
monitor the load during all handling operations. Any deviations from the established normal
load readings will indicate interference or binding and allow corrective action to prevent
damage.
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9.1.4.3.8

Rod Cluster Control Assembly Changing Fixture

The rod cluster control assembly fixture is used to remove, install, and temporarily store rod
cluster control assemblies. It is located in the refueling canal near the containment terminus
of the fuel transfer system. It is made up of a guide tube section, a carriage section, a frame
and track section, and a gripper and drive mechanism.
The wheel-mounted carriage section rides on a track anchored to the refueling canal floor. It
is made up of three compartments. The center and one end compartment will accept fuel
assemblies while the other section will accept only a rod cluster control assembly.
The guide tube is mounted on the refueling pool wall above the carriage and acts to maintain
alignment of the rod cluster control assembly rodlets when the pneumatic gripper raises and
lowers them as required. All positioning of the carriage and operation of the gripper is
accomplished from the operating floor. The fuel assemblies are moved into and out of the
fixtures with the manipulator crane.
9.1.4.3.9

Upper Internals Storage Stand

The upper internals storage stand is a structural stainless steel fixture installed in the refueling
cavity and is used to support the upper internals package when removed from the reactor
vessel. The construction of the upper internals does not permit them to be supported from the
bottom. During MODE 6 (Refueling) the stand is underwater.
9.1.4.3.10

125 Ton Cask Handling Crane

The new 125 ton single failure proof cantilevered gantry crane has a stationary runway
mounted to an embedded steel support system. A rolling bridge is mounted on top of the
stationary runway. A main trolley is mounted on the rolling bridge with a flying trolley
mounted to the main trolley. The crane is designed to safely transport a Transfer Cask with a
fully loaded Dry Shielded Canister from the Spent Fuel Pool to the Self-Propelled Modular
Transporter located in the Canister Preparation Building.
9.1.4.4

Fuel Handling/Refueling Tools

The fuel handling tools are used to prevent close operator exposure to the fuel. Several other
specialized tools are also available to aid the operators in performing specific MODE 6
(Refueling) functions.
9.1.4.4.1

New Fuel Assembly Handling Tool

The new fuel assembly handling tool, shown in Figure 9.1-11, is used to lift and transfer fuel
assemblies from the new fuel shipping containers to the new fuel storage racks. The tool is
also used to transfer fuel assemblies from the new fuel storage racks to the new fuel elevator.
The tool employs four cam-actuated latching fingers which grip the underside of the fuel
assembly top nozzle. The operating handles to actuate the fingers are located on the side of
the tool. With the fingers latched, the operating handles are in the DOWN position; with the
fingers unlatched, the operating handles are in the UP position. When the fingers are latched,

Page 42 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

the safety locking device on the side of the tool is turned in to prevent the accidental
unlatching of the fingers.
9.1.4.4.2

Spent Fuel Handling Tool

The spent fuel handling tool shown in Figure 9.1-11, also called the long-handled tool, is used
to manually handle and inspect new and spent fuel in the spent fuel pool (SFP) and to move
fuel to and from the fuel transfer system conveyor car. Its operation is similar to that of the
new fuel handling tool. The spent fuel assembly handling tool employs four cam-actuated
latching fingers which grip the underside of the fuel assembly top nozzle. The operating
handle to actuate the fingers is located at the top of the tool. With the operating handle in the
DOWN position, the fingers are latched; with the handle in the UP position, the fingers are
unlatched. Once the fingers are latched, insertion of a pin in the operating handle prevents the
fingers from being accidentally unlatched during fuel handling operations.
9.1.4.4.2.1

Spent Fuel Cask Loading Tool (SFCLT)

The SFCLT is used to latch onto an assembly and transfer it between spent fuel pool rack
locations and to the racks within the Dry Shielded Canister. Operation of the tool is similar
to the Spent Handling Tool (Section 9.1.4.4.2), although the SFCLT is 55 inches shorter in
overall length. The SFCLT allows latching/unlatching at different set elevations to enable
cask loading. This is a long-handled tool that can be used with either SFP bridge hoist and is
guided and latched manually by an operator. Due to its shorter length, higher dose rates are
expected when moving fuel assemblies as compared to other fuel handling systems.
9.1.4.4.3

Burnable Poison Rod Assembly Handling Tool

(Note: The information in this section is for historical purposes only. The burnable poison
rod assembly (BPRA) handling tool is no longer used since plate mounted BPRAs are no
longer utilized at Ginna.) The burnable poison rod assembly handling tool, shown in Figure
9.1-11, is used to transfer plate-mounted burnable poison rod assemblies between fuel
assemblies or between a fuel assembly and a burnable poison rod assembly storage insert in
the spent fuel racks. Transfer is accomplished by raising the burnable poison rod assembly
out of one location, drawing it up inside the tool, then lowering it down out of the tool into
the other location.
This tool is used in the spent fuel building, suspended from the hoist on the spent fuel bridge
and operating on the bridge walkway. The tool enters into the guide holes of a fuel assembly
top nozzle or rack insert. Two sleeve actuated fingers engage the holddown bar at the top of
the burnable poison rod assembly. The fingers actuator assembly is spring loaded in the
DOWN (holding) position and can be moved upward to release the fingers only when the
burnable poison rod assembly is in the FULL DOWN position.
Four pneumatic-cylinder-driven comb assemblies at right angles form an interlocking grid to
position and guide the poison rods during withdrawal or insertion. During the up or down
movement of the burnable poison rod assembly inside the tool, an indicator is tripped to
notify the operator when moving the combs in or out to avoid the thimble plugs.
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The 6-in.-long thimble plugs are larger in diameter than the burnable poison rods and will
interfere with extended combs; consequently, the combs must be fully retracted when the
thimble plugs are at or below the level of the combs.
The comb cylinders are driven by an attached air supply and controlled by a valve package
mounted at the top of the tool. A safety latch over the valve handles prevents the combs from
being accidentally withdrawn.
Two types of burnable poison rod assembly handling tool guides are provided to assist in
locating the handling tool on a fuel assembly or rack insert. One type aligns over the top
funnel portion of a spent fuel rack; the other is designed to align over a spent fuel rack insert
or the upender fuel assembly container. Each guide has two attached nylon ropes for
lowering into position prior to landing the handling tool. The guide remains there during
burnable poison rod assembly removal or insertion and is removed after the handling tool has
been raised for transfer to the next specified location.
Tool guides are necessary because the large base plate near the bottom end of the handling
tool completely overhangs the three locating pins which must enter close-fitting holes in the
fuel assembly top nozzle or rack insert. Thus, the tool operator standing on the spent fuel
bridge cannot observe the pins to guide them into their respective holes.
9.1.4.4.4

Control Rod Drive Shaft Tool

The control rod drive shaft tool, shown in Figure 9.1-11, is utilized by the operator to
disconnect the rod drive split shaft from the collet coupling on the rod cluster control spider.
This is done after the head is removed and before the upper internals lifting device is
attached. Once disconnected, the drive shafts remain with the upper internals package as it is
lifted and wet stored.
The control rod drive shafts are removed from and reconnected to the rod cluster control
assembly by means of the control rod drive shaft unlatching tool. The tool employs two sets
of cam-actuated latching fingers, which grip the control rod drive shaft and disconnect button,
respectively. The cams are actuated by air cylinders controlled by valves equipped with a
locking ring on the operating handle to prevent accidental energizing of the air cylinders. The
air cylinders actuating the drive shaft latching fingers are spring loaded causing them to lock
in the shaft latch position in case of loss of air, thus preventing accidental dropping of the
control rod. The disconnect button finger assembly is connected directly to an indicator rod
by the double ended air cylinder. The upper end of the indicator rod is calibrated to the FULL
UP and FULL DOWN position of the drive shaft disconnect button.
9.1.4.4.5

Thimble Plug Handling Tool

The thimble plug handling tool, shown in Figure 9.1-11, is used to handle the Westinghouse
Optimized Fuel Assemblies and the Westinghouse VANTAGE + Fuel Assemblies. It
employs two sleeve-actuated latching fingers to grip the thimble plug handling bar. The
fingers and the finger housing move with respect to the outside frame thereby permitting the
thimble plug to be withdrawn up inside the frame. The operating handle to actuate the fingers
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is located at the top of the tool. With the handle in the DOWN position, the fingers are
latched; with the handle in the UP position the fingers are unlatched.
9.1.4.4.6

Irradiation Sample Handling Tool

The irradiation sample handling tool, shown in Figure 9.1-11, is a long-handled tool
suspended from the containment building crane used to remove the irradiation specimens
from their holders located on the outer surface of the neutron shield panels along the lower
core barrel. This tool, operated from the manipulator crane bridge, extends through aligned
access openings in the upper core barrel flange, thereby preventing unnecessary lifting of the
core barrel out of the reactor vessel.
The irradiation sample handling tool employs three cam-actuated latching fingers which grip
the top plug of the irradiation sample capsule. The operating handle to actuate the fingers is
located at the top of the tool. With the fingers latched, the operating handle is in the DOWN
position; with the fingers unlatched, the handle is in the UP position. As a safety feature, a
pin is to be inserted into the operating shaft to preclude the possibility of the fingers becoming
unlatched during removal of capsules. The tool is also equipped with a secondary operating
sleeve which will permit an operator to remove the irradiation specimen access plug. The pin
would be removed during this operation and the operating handle would be held in either the
UP or DOWN position by means of the ball detents.
9.1.4.4.7

Stud Tensioners

The stud tensioners are hydraulically operated devices which unload the reactor vessel head
studs to transition from MODE 5 (Cold Shutdown) to MODE 6 (Refueling) conditions and
then preload them following refueling to transition back to MODE 5. The tension is normally
applied simultaneously to as many studs as there are tensioners, and studs are tensioned to
their operational load according to a sequence designed to prevent high stresses in the flange
region, and unequal loading in the studs.
Trolleys operate on an I-beam (welded to the ring girder) around the reactor vessel head to
position the hoists, which are used to move the stud tensioners from one stud to another. A
hydraulic pumping unit, control console, and pressure release/relief valve provide the means
to operate the tensioners. When the hydraulic pressure release valve is operated, the
hydraulic fluid pressure is decreased, thus reducing the force applied to the stud by the
tensioner.
Because it contains aluminum and electronics, all removable tensioning equipment (trolleys,
hoists, pumping unit, etc.) is taken out of containment before reactor operation.
9.1.4.4.8

Portable Rod Cluster Control Assemble (RCCA) Tool

The portable RCCA Tool is used by the operator to move rod control cluster assemblies in the
spent fuel pool. The tool is suspended from the SFP bridge hoist when in use. The tool consists
of a telescoping grapple that engages the RCCA hub and retracts the RCCA into a cage that
maintains alignment of the rodlets. The portable RCCA tool is compatible with OFA and
422V+ fuel assembly top nozzles.
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9.1.4.5
9.1.4.5.1

Fuel Handling System Operation During MODE 6 (Refueling)
Introduction

The MODE 6 (Refueling) sequence follows detailed procedures which ensure a safe, efficient
operation. These procedures, along with Technical Specifications requirements and the
previously discussed equipment interlocks and safety features, provide assurance that no
threat to the public health and safety will occur. The MODE 6 (Refueling) operation may be
divided into three major phases: preparation, MODE 6 (Refueling), and reactor reassembly.
9.1.4.5.2

Preparation Phase

In the preparation phase, the reactor is shut down, cooled down to less than 140F, and
borated to a value that meets the requirements of the Section 3.9.1 of the Ginna Technical
Requirements Manual (TRM). The containment is surveyed and ventilated as necessary,
refueling equipment is checked out, and reactor disassembly begun. The control rod drive
mechanism missile shield is removed to storage, then ventilation ducting, control rod drive
mechanism cables, reactor vessel head insulation, instrument leads, and core exit
thermocouple nozzle assemblies (CETNAs) are removed. The reactor vessel studs are
detensioned, the studs removed, and stud hole plugs and three guide studs installed. The flux
mapping thimbles are retracted and low-pressure seals made up. The final preparation of
underwater lights and tools is made, the reactor vessel to cavity seal ring is installed, and the
fuel transfer tube blind flange is removed.
At this point the reactor vessel head lifting rig is installed and the head is unseated, checked
for levelness, and lifted 108 in. above the flange. The reactor cavity is now filled with water
from the refueling water storage tank (RWST) as the head is raised until at least 23 ft of water
exists above the flange. The reactor vessel head is then removed to storage.
The control rod drive shafts are disconnected and, with the upper internals, are removed by
the vessel internals lifting rig and containment crane. The upper internals are wet stored on a
stand in the refueling cavity. The fuel assemblies are now free from obstructions, and the
core is ready for MODE 6 (Refueling).
9.1.4.5.3

MODE 6 (Refueling) Phase

With the initiation of the MODE 6 (Refueling) phase, the reactor cavity water level is verified
to be covering the transfer canal and the reactor cavity boron concentration is verified to be
within Technical Specifications limits. The fuel transfer tube valve is then opened. This
provides a fuel movement path and allows level monitoring, cooling, and cleanup of the
refueling water by the spent fuel pool (SFP) cooling system.
The MODE 6 (Refueling) sequence is begun by a manipulator crane. It is positioned over a
spent fuel assembly, the gripper tube is lowered, and the gripper engaged with the upper
nozzle. The fuel is lifted up into the protective mast of the machine. This height is sufficient
to clear the top of the reactor vessel yet still leave sufficient water depth to provide radiation
shielding for personnel. The manipulator crane then transfers the fuel to the fuel transfer
system for movement to the spent fuel pool (SFP).
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Once the spent fuel is removed from the core, partially spent fuel is transferred to the vacated
positions and new fuel assemblies are brought in via the spent fuel pool (SFP) and fuel
transfer system and loaded into the appropriate locations. The fuel management plan and the
resulting plant procedures specify the specific fuel moves for each fuel assembly.
The MODE 6 (Refueling) sequence is modified for fuel assemblies containing rod cluster
control elements. If transfer of the rod cluster control elements between fuel assemblies is
required, the assemblies are taken to the rod cluster control change fixture to exchange the rod
cluster control elements from one assembly to another. Such a change is required whenever a
spent fuel assembly containing a rod cluster control element is removed from the core and
whenever a fuel assembly is placed in or taken out of a control position during MODE 6
(Refueling) rearrangement.
The RG&E has incorporated the Westinghouse guidelines currently in effect entitled
Subcriticality and Core Coupling Guidelines for Core Loading into the Ginna fuel assembly
movement sequence. Following these guidelines ensures that the shutdown margin
requirements of the Ginna Technical Specifications are maintained during MODE 6
(Refueling) operations.
In the interest of saving time in the MODE 6 (Refueling) operation, the operators may elect to
temporarily wet store the new fuel assemblies in designated locations in the spent fuel pool
(SFP) prior to actual MODE 6 (Refueling).
Whenever new fuel is added to the reactor core, a reciprocal curve of source neutron
multiplication (inverse count rate ratio plot) is recorded to verify the subcriticality of the core.
9.1.4.5.4

Reactor Reassembly

Once all the fuel has been positioned in the core, the fuel transfer conveyor car is parked in
the spent fuel pool (SFP) and the fuel transfer tube isolation valve is closed and the
containment crane replaces the reactor vessel upper internals package in the vessel. The
control rod drive shafts are then reattached to the rod cluster control assemblies. New Oring seals are installed on the reactor head which is positioned over the reactor vessel and
slowly lowered as the cavity water level is lowered. When the reactor vessel head is about 1
ft above the flange, the reactor cavity is completely drained and the flange is cleaned. The
reactor vessel head is then seated on the flange surface.
The reactor vessel cavity seal ring is removed and stored. The guide studs and plugs are
removed and the stud holes cleaned. The refueling cavity is then washed and
decontaminated. The blind flange on the fuel transfer tube is reinstalled. The hold-down
studs are replaced and torqued with the hydraulic tensioners and all instrument port
thermocouple seals, thermocouples, and electrical connections are restored. Cooling ducts
and reactor vessel head insulation are replaced and the missile shield moved into place above
the reactor.
Finally, the in-core detector thimbles are inserted into the core, seals are made up, and all
necessary connections are made.
Any maintenance required on the refueling equipment is accomplished at this time and it is
then returned to its power operation storage position. When cleanup and restorage is
complete, all preoperational tests and checks are made.
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9.1.4.6

Fuel Handling System Evaluation

Underwater transfer of spent fuel provides essential ease and corresponding safety in
handling operations. Water is an effective, economic, and transparent radiation shield and a
reliable cooling medium for removal of decay heat.
Basic provisions to ensure the safety of MODE 6 (Refueling) operations are as follows:
A. Gamma radiation levels in the containment and fuel storage areas are continuously
monitored. These monitors provide an audible alarm at the initiating detector indicating an
unsafe condition. Continuous monitoring of reactor neutron flux provides immediate
indication and alarm of an abnormal core flux level in the control room.
B. Containment penetrations shall be in the status specified in the Technical Specification
LCO 3.9.3 during core alterations and during movement of irradiated fuel assemblies
within containment.
C. Whenever new fuel is added to the reactor core, a reciprocal curve of source neutron
multiplication is recorded to verify the subcriticality of the core.
D. Direct communication between the control room and the refueling cavity manipulator crane
is available whenever changes in core geometry are taking place to allow the control room
operator to inform the manipulator operator of any impending unsafe condition detected
from the main control board indicators during fuel movement.
9.1.4.6.1

Incident Protection

Direct communication between the control room and the refueling cavity manipulator crane is
available whenever changes in core geometry are taking place.
This provision allows the control room operator to inform the manipulator operator of any
impending unsafe condition detected from the main control board indicators during fuel
movement.
9.1.4.6.2

Malfunction Analysis

An analysis is presented in Section 15.7.3, concerning cladding damage to all fuel rods in one
assembly, for evaluating environmental consequences of a fuel handling accident.
9.1.4.7

Minimum Operating Conditions

Limiting conditions for MODE 6 (Refueling) operations are specified in the Technical
Specifications.
Whenever the core cooling or containment spray systems are specified to be operable, the
refueling water storage tank (RWST) must have a minimum water volume of 300,000 gallons
and have a boron concentration not less than 2750 ppm and no more than 3050 ppm. The
refueling water storage tank (RWST) capacity is 338,000 gallons and the quantity of water
required for MODE 6 (Refueling) is 230,000 gallons.
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Analysis of loss-of-coolant incidents shows that the quantity of water in storage is sufficient
for limiting core temperatures and containment pressure following any incident. These
analyses are discussed in Section 15.6.
9.1.4.8

Tests and Inspections

Upon completion of core loading and installation of the reactor vessel head, certain
mechanical and electrical tests were performed prior to initial criticality. The electrical
wiring for the rod drive circuits, the rod position indicators, the reactor trip circuits, the incore thermocouples, and the reactor vessel head water temperature thermocouple were tested
at the time of installation. The tests were repeated on these electrical items before initial
plant operation.
9.1.5

CONTROL OF HEAVY LOADS

As a result of the NRC review of load-handling operations at nuclear power plants, NUREG
0612, Control of Heavy Loads at Nuclear Power Plants, was issued. Following the issuance
of NUREG 0612, a generic letter, dated December 22, 1980, was sent to all plants requesting
that responses be prepared to indicate the degree of compliance with the guidelines of
NUREG 0612. The responses were made in two stages. The first response (Phase I) was to
identify the load-handling equipment within the scope of NUREG 0612 and to describe the
associated load paths, procedures, operator training, special and general-purpose lifting
devices, the maintenance, testing and repair of equipment, and the handling equipment
specifications. The second response (Phase II) was intended to show that either singlefailure-proof handling equipment was not needed or that single-failure-proof equipment had
been provided.
Ginna Station responded with submittals to the NRC on February 1, 1982, (Reference 18)
March 2, 1983, (Reference 19) and October 12, 1983 (Reference 20). The NRC staff and its
consultant, the Franklin Research Center, have reviewed the submittals for Ginna Station and
have issued a technical evaluation report, (Reference 21) and a safety evaluation report
(Reference 22) concluding that Phase I of the control of heavy loads issue for Ginna Station
is acceptable.
Since the issuance of these reports, an updated inspection program for the reactor head lifting
rig was proposed in a letter to the NRC dated May 30, 1986 (Reference 23). This program of
100% visual inspection of the lifting rig welds, prior to first use at each MODE 6 (Refueling)
outage, together with 10-year surface examinations on exposed portions of the welds is
considered adequate testing to verify that the lifting device is in compliance with NUREG
0612. The auxiliary building crane has been upgraded to the single-failure requirements of
NUREG 0554. See Section 9.1.4.3.1.
The Ginna Station responses to Phase II of the issue were submitted on March 26, 1984,
(Reference 24) and July 31, 1984. (Reference 25). Based on improvements in heavy loads
handling obtained from the implementation of Phase I, further action is not required to reduce
the risk associated with the handling of heavy loads. Therefore, Phase II is considered
complete.
In 1996, the NRC issued Bulletin 96-02 (Reference 32) to alert licensees to the importance of
complying with existing regulatory guidelines associated with the control and handling of
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heavy loads at nuclear power plants while the plant is operating. In Reference 33, RG&E
responded to Bulletin 96-02 by stating that a review was performed of planned activities into
1998 related to heavy loads and that all potential heavy load movements were determined to
be within the scope of the Ginna Station licensing basis. In Reference 44, the NRC
determined that RG&E’s response to Bulletin 96-02 was acceptable and therefore considers
the issue to be closed.
The "Industry Initiative on Control of Heavy Loads," NEI-05 (Revision 0) was reviewed to
verify the Ginna's heavy load lifts continue to be conducted safely and that the plant
procedures accurately reflect the licensing bases.
9.1.5.1

CONDUCT OF HEAVY LOADS MOVEMENTS

The movement of heavy loads at Ginna Station is controlled under plant procedures. These
procedures give requirements for material handling equipment and their inspections. Any
lifted load greater than 1500 pounds is treated as a heavy load at Ginna Station.
A specific procedure exists for each crane that can move loads over safety related equipment
at Ginna Station. Each procedure gives safe load paths for load movements with its
associated crane.
Since the movement of the reactor vessel head from the reactor to its temporary storage stand
during a refueling outage is considered to be a high-risk evolution, that movement is further
controlled through the use of refueling procedures. Those procedures apply the general
mechanical maintenance administrative controls for heavy loads, but also restrict the height
that the reactor vessel head may be lifted above the core before it is moved away from above
the core. This restriction is imposed to assure compliance with the load drop analysis of the
reactor vessel head that was performed as part of Ginna's response to NUREG 0612.
The Independent Spent Fuel Storage Installation (ISFSI) Project installed a 125-ton single
failure proof cantilevered gantry crane in the Canister Preparation Building. The 125-ton
crane has a single failure proof hoist design which includes a yoke and block for lifting a
Spent Fuel Transfer Cask with a fully loaded Dry Shielded Canister. The 125-ton crane
satisfies all regulatory requirements in accordance with ASME NOG-1, NUREG-0554,
CMAA-70, and the Ginna UFSAR.

Page 50 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

REFERENCES FOR SECTION 9.1
1.

Application for Amendment to Operating License, January 30, 1976.

2.

Letter from A. Schwencer, NRC, to L. D. White, Jr., RG&E, Subject: Issuance of
Amendment No. 11 to Provisional Operating License No. DPR-18, dated November 15,
1976.

3.

Letter from R. W. Kober, RG&E, to H. R. Denton, NRC, Subject: Increase of the Spent
Fuel Storage Capacity, dated April 2, 1984.

4.

Letter from J. A. Zwolinski, NRC, to R. W. Kober, RG&E, Subject: Increase of the
Spent Fuel Storage Capacity, dated November 14, 1984.

5.

Letter from G. E. Lear, NRC, to R. W. Kober, RG&E, Subject: Storage of Consolidated
Fuel, dated December 16, 1985.

6.

Letter from J. E. Maier, RG&E, to H. R. Denton, NRC, Subject: Application for
Amendment to Operating License, dated February 23, 1983.

7.

W. E. Ford III, CSRL-V: Processed ENDF/B-V 227-Neutron-Group and Pointwise
Cross-Section Libraries for Criticality Safety, Reactor and Shielding Studies, ORNL/
CSD/TM-160, June 1982.

8.

N. M. Greene, AMPX: A Modular Code System for Generating Coupled Multigroup
Neutron-Gamma Libraries from ENDF/B, ORNL/TM-3706, March 1976.

9.

L. M. Petrie and N. F. Landers, KENO Va--An Improved Monte Carlo Criticality
Program With Supergrouping, NUREG/CR-0200, December 1984.

10.

LER 1998-001, Boraflex Degradation in Spent Fuel Pool Storage Racks Results in Plant
Being in an Unanalyzed Condition, dated March 11, 1998.

11.

T. Q. Nguyen, et al., Qualification of the PHOENIX-P/ANC Nuclear Design System for
Pressurized Water Reactor Cores, WCAP 11596-P-A (Proprietary), June 1988.

12.

S. Q. King, Control Room Doses, FHA and TMA, FTI Doc. No. 32-1258141-00, dated
January 29, 1997.

13.

Deleted.

14.

M. A. Rutherford, Control Room Doses, FHA and TMA, FTI Doc. No. 32-1258141-01,
dated April 15, 1998.

15.

Generic Letter 96-04, Boraflex Degradation in Spent Fuel Pool Storage Racks, dated
June 26, 1996.

16.

Letter from R. W. Kober, RG&E, to T. E. Murley, NRC, Subject: Refueling Cavity
Water Seal, dated November 28, 1984.

Page 51 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

17.

Letter from R. W. Kober, RG&E, to T. E. Murley, NRC, Subject: Refueling Cavity
Water Seal, dated March 29, 1985.

18.

Letter from J. E. Maier, RG&E, to D. G. Eisenhut, NRC, Subject: Control of Heavy
Loads, dated February 1, 1982.

19.

Letter from J. E. Maier, RG&E, to D. M. Crutchfield, NRC, Subject: Control of Heavy
Loads, Supplemental Report, dated March 2, 1983.

20.

Letter from J. E. Maier, RG&E, to D. M. Crutchfield, NRC, Subject: Control of Heavy
Loads, dated October 12, 1983.

21.

Letter from D. M. Crutchfield, NRC, to J. E. Maier, RG&E, Subject: Transmittal of
Technical Evaluation Report on Control of Heavy Loads, dated August 19, 1982.

22.

Letter from D. M. Crutchfield, NRC, to J. E. Maier, RG&E, Subject: Transmittal of
Safety Evaluation on Control of Heavy Loads (Phase I), dated January 18, 1984.

23.

Letter from R. W. Kober, RG&E, to G. E. Lear, NRC, Subject: Control of Heavy Loads,
dated May 30, 1986.

24.

Letter from R. W. Kober, RG&E, to D. M. Crutchfield, NRC, Subject: Control of Heavy
Loads, dated March 26, 1984.

25.

Letter from R. W. Kober, RG&E, to W. A. Paulson, NRC, Subject: Control of Heavy
Loads, dated July 31, 1984.

26.

Letter from A. R. Johnson, NRC, to R. C. Mecredy, RG&E, Subject: Safety Evaluation
of RG&E’s Proposed Criticality Analysis of the Ginna New and Spent Fuel
Rack/Consolidated Rod Storage Canisters, dated August 30, 1995.

27.

Design Analysis, NSL-0000-DA030, Spent Fuel Pool Heatup Times, Revision 0, dated
February 13, 1991.

28.

Letter from D. M. Crutchfield, NRC, to J. E. Maier, RG&E, Subject: Insertion of a
Higher Enrichment Fuel Assembly Into the Spent Fuel Racks, dated February 8, 1984.

29.

Letter from G. E. Lear, NRC, to R. W. Kober, RG&E, Subject: Storage of Consolidated
Fuel, dated December 16, 1985.

30.

Letter from A. R. Johnson, NRC, to R. C. Mecredy, RG&E, Subject: Issuance of
Amendment No. 60 to Facility Operating License No. DPR-18 (TAC No. M92188),
dated February 6, 1996.

31.

Letter from R. C. Mecredy, RG&E, to A. R. Johnson, NRC, Subject: Technical
Specification Improvement Program, dated May 5, 1995 and Attachment: Criticality
Analysis of the R. E. Ginna Nuclear Power Plant Fresh and Spent Fuel Racks, and
Consolidated Rod Storage Canisters, dated June, 1994.

Page 52 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

32.

NRC Bulletin 96-02, Movement of Heavy Loads Over Spent Fuel, Over Fuel in the
Reactor Core, or Over Safety-Related Equipment, dated April 11, 1996.

33.

Letter from R. C. Mecredy, RG&E, to G. S. Vissing, NRC, Subject: Response to NRC
Bulletin 96-02, dated May 10, 1996.

34.

Rochester Gas & Electric Corporation Safety Evaluation SEV-1082, Revision 1, Spent
Fuel Pool Cooling System Lower Suction, dated August 21, 1997.

35.

Deleted.

36.

Deleted.

37.

Letter from R. C. Mecredy, RG&E, to G. S. Vissing, NRC, Subject: Application for
Amendment to Facility Operating License, Revised Spent Fuel Pool Storage, dated
March 31, 1997.

38.

Letter from G. S. Vissing, NRC, to R. C. Mecredy, RG&E, Subject: Issuance of
Amendment No. 72 to Facility Operating License No. DPR-18, dated July 30, 1998.

39.

Framatome Technologies Report 51-1258768-01, Ginna Spent Fuel Pool Re-Racking
Licensing Report, Revision 1, dated February 1997.

40.

A. G. Croff, ORIGEN2 - A Revised and Updated Version of the Oak Ridge Isotope
Generation and Depletion Code, ORNL-5621.

41.

Letter from R. C. Mecredy, RG&E, to G. S. Vissing, NRC, Subject: Response to Request
for Additional Information - Spent Fuel Pool (SFP) Modifications - SFP Cooling
Concerns (TAC No. M95759), dated November 11, 1997.

42.

Letter from G. S. Vissing, NRC, to R. C. Mecredy, RG&E, Subject: Request for
Additional Information - Spent Fuel Pool (SFP) Modifications - SFP Cooling Concerns
(TAC No. M95759), dated September 9, 1997.

43.

Letter from R. C. Mecredy, RG&E, to G. S. Vissing, NRC, Subject: Response to Request
for Additional Information (RAI) on the Cooling Aspects of the Spent Fuel Pool Storage
Rack Modification (TAC No. M95759), dated May 8, 1998.

44.

Letter from G. S. Vissing, NRC, to R. C. Mecredy, RG&E, Subject: Completion of
Licensing Action for NRC Bulletin 96-02, "Movement of Heavy Loads Over Spent Fuel,
Over Fuel in the Reactor Core, or Over Safety-Related Equipment", dated April 23,
1998.

45.

Rochester Gas and Electric Corporation Safety Evaluation SEV-1147, Revision 0, 85F
Maximum Lake Temperature, dated February 2, 2001.

46.

NRC Standard Review Plan (SRP) (contained in NUREG-0800), Section 9.1.3, Spent
Fuel Cooling and Cleanup System.

Page 53 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

47.

Letter from D.M. Crutchfield, NRC, to J.E. Maier, RG&E, Subject: Spent Fuel Pool
Cooling System modifications (Ginna), dated November 3, 1981.

48.

Letter from D.M. Crutchfield, NRC, to J.E. Maier, RG&E, Subject: SEP Topic IX-1,
Fuel Storage, dated January 27, 1982.

49.

Newmyer, W.D., “Westinghouse Spent Fuel Rack Criticality Analysis Methodology”,
WCAP-14416-NP-A, Rev.01, November 1996.

50.

Letter from T.E. Collins, U.S. NRC to T. Greene, WOG, “Acceptance for Referencing of
Licensing Topical Report WCAP-14416-P, Westinghouse Spent Fuel Rack Methodology
(TAC NO. M93254)”, October 25, 1996.

51.

Code of Federal Regulations, Title 10, Part 50, Appendix A, Criterion 62, “Prevention of
Criticality in Fuel Storage and Handling”.

52.

U.S. Nuclear Regulatory Commission, Standard Review Plan, Section 9.1.2, NUREG0800, July 1981.

53.

SCALE-4.4, “A Modular Code System for Performing Standardized Computer Analyses
for Licensing Evaluation,” NUREG/CR-0200, Rev. 6 (ORNL/NUREG/CSD-2/R6), Vols.
I, II, and III September 1998.

54.

Deleted

55.

Deleted

56.

Deleted

57.

Deleted

58.

Deleted

59.

W. Marshall, et al., “Criticality Safety Criteria”, TANS Vol. 35, pg. 278, 1980.

60.

A-RGE-FE-0003, “Ginna Spent Fuel Pool Criticality Analysis,” Rev. 03.

61.

ABB Combustion Engineering Nuclear Power, “R.E. Ginna Spent Fuel Pool Boron
Dilution Analysis”, dated January 2000.

Page 54 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

62.

Letter from R.C. Mecredy, RG&E, to G.S. Vissing, NRC, Subject: Application for
Amendment to Facility Operating License, Credit for Soluble Boron in Spent Fuel Pool,
dated March 8, 2000.

63.

Letter from G.S. Vissing, NRC to R.C. Mecredy, RG&E, Subject: Amendment Re:
Revision to the Storage Configuration Requirements within the Existing Storage Racks
and Taking Credit for a Limited Amount of Soluble Boron (TAC No. MA8443), dated
December 7, 2000.

64.

Letter from E. Meliksetian (Westinghouse) to P. Bamford (RG&E), NF-RG-02-12, Rev.
2, CAD-02-63, Rev. 2, March 8, 2002; Subject: Ginna Revised Radiation Sources for
Extended Fuel Management.

65.

Design Analysis, DA-NS-2002-027, Rev. 0, "Cycle 30 Radiological Doses for Fuel
Handling and Tornado Missile Accidents", Rochester Gas and Electric Corporation,
Ginna Station, dated March 18, 2002.

66.

Framatome Technologies (FTI) Document No. 32-1258146-00, "Ginna Re-Rack
Radiological Safety Analyses," January 11, 1997.

67.

Letter from M. Korsnick, Ginna, to Document Control Desk, NRC, License Amendment
Request Regarding Extended Power Uprate (with Environmental Report), (Letter No.
1001353) dated July 7, 2005.

68.

Letter from P. Milano, NRC, to M. Korsnick, Ginna, R.E. Ginna Nuclear Power Plant Amendment RE: 16.8% Power Uprate (TAC No. MC7382), dated July 11, 2006.

69.

Letter from M. Korsnick, Ginna, to R. Clark, NRC, Revised Atmospheric Dispersion
Factors (X/Q) and Dose Analysis Results, R.E. Ginna Nuclear Power Plant, July 14,
2004.

70.

Letter from D. Skay, NRC, to M. Korsnick, Ginna, "R.E. Ginna Nuclear Power Plant
Amendment Re: Modification of the Control Room Emergency Air Treatment System
and Change to Dose Calculation Methodology to Alternate Source Term", May 25, 2005.

71.

DA-NS-2002-019, Tornado Missile Accident Off-Site and Control Room Doses,
Revision 3, dated November 24, 2004.

72.

10CFR50.67, Accident Source Term.

73.

Regulatory Guide 1.183, Alternative Radiological Source Terms for Evaluating Design
Basis Accidents at Nuclear Power Reactors.

74.

Framatome Design Analysis 32-1258074-00, "Ginna Re-Rack T-H Analysis," Revision
0.

75.

Letter from M. Korsnick, Ginna, to NRC Document Control Desk, "R.E. Ginna Nuclear
Power Plant, Response to Request for Additional Information Regarding Topics,"
described in letters dated November 3, 2005 and December 19, 2005.

Page 55 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

76.

Structural Integrity Associates Inc. Design Analysis, SIR-07-295-NPS; "Evaluation of
Spent Fuel Pool for R.E. Ginna Nuclear Power Plant," Revision 0, dated February 2008.

77.

NUH-003, UFSAR for the Standardized NUHOMS Horizontal Modular Storage System
for Irradiated Nuclear Fuel.

78.

10 CFR 72.212 Evaluation Report, Constellation Energy R. E. Ginna Nuclear Power
Plant Independent Spent Fuel Storage Installation.

79.

Technical Specifications for the Transnuclear, Inc. Standardized NUHOMS Horizontal
Modular Storage System (Attachment A to CoC 1004, Amendment 10).

80.

50.59 Evaluation 5059EVAL-2010-0003, "Remove Requirement for the Use of Standby
SFP Heat Exchanger (EAC12)," Revision 0, dated October 20, 2010.

81.

Stone & Webster, Calculation No. 109682-M-021, "Spent Fuel Pool Cooling System
EPU Evaluation," Revision 0, dated July 6, 2005. Updated by Engineering Change
Notice (ECN) ECP-2008-0100 109682-M-021-000, Rev. 0001.

82.

J. J. Lichtenwalter, S. M. Bowman, M. D. DeHart and C. M. Hopper, “Criticality
Benchmark Guide for Light-Water-Reactor Fuel in Transportation and Storage
Packages,” NUREG/CR-6361, March 1997.

83.

CCNPP Calculation CA04911, “SCALE 4.4 CSAS Validation Computations,” Rev. 0.

Page 56 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

Table 9.1-1
FUEL PARAMETERS EMPLOYED IN THE CRITICALITY ANALYSIS
Parameters

422V+

179

179

179

Rod Zirc-4 (ZIRLO™) clad O.D. (in.) 0.424

0.422

0.400

0.422

Clad Thickness (in.)

0.030

0.0243

0.0243

0.0243

Fuel pellet O.D. (in.)

0.3565

0.3669

0.3444

0.3659

95

95

95

95

Fuel pellet dishing factor

1.187

1.187

1.1926

1.187

Rod pitch (in.)

0.556

0.556

0.556

0.556

16

16

16

16

Guide tube O.D. (in.)

0.524

0.539

0.526

0.526

Guide tube thickness (in.)

0.015

0.017

0.017

0.017

1

1

1

1

Instrument tube O.D. (in.)

0.424

0.422

0.399

0.422

Instrument tube thickness (in.)

0.039

0.0240

0.0235

0.0240

Fuel pellet density (% of theoretical)

Number of Zirc-4 (ZIRLO™) guide
Tubes

Number of instrument tubes

a.

Westinghouse
14x14 STD

179

a

Westinghouse
14x14 OFA/14 x 14
VANTAGE+

Number of fuel rods per assembly

Exxon
14x14

Parameters used in criticality analyses for Westinghouse standard 14 x 14 fuel bound the geometry
parameters associated with the Ginna Westinghouse 422 VANTAGE+ fuel assemblies.
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Table 9.1-2
TORNADO MISSILE ACCIDENT DOSE ANALYSIS ASSUMPTIONS
Parameter

Value

Reactor Power, MWt (including fuel management factor)

1811

Power Peaking Factor

1.75

Number of damaged fuel assembliesa
Region 1
Region 2

5 hot, 4 cold
9 cold

Time after reactor shut-down
hot assemblies
cold assemblies

100 hours
60 days

Fuel rod gap fractions
I-131
other halogens
Kr-85
other noble gases

0.08
0.05
0.1
0.05

Iodine specials above water
elemental iodine
organic iodide

0.57
0.43

Pool DF
elemental iodine
organic iodide
Particulate
Overall Pool DF

500
1

200

Exhaust flow rate, cfm
puff (5 second activity release)

1.11E+08

Iodine removal efficiency for all forms to environment

0

Control Room isolation

No

Control Room filtration operation

No

a.

Based on damage to 9 assemblies in a 3x3 group of storage cells. The bounding source term for the
TMA is due to damage in Region 1 Type 3 SFP storage racks. The source term also bounds storage of
one hot fuel assembly in Region 2 Type 2 SFP storage racks per Technical Requirements Manual
(TRM) Section 3.9.1
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Table 9.1-2
TORNADO MISSILE ACCIDENT DOSE ANALYSIS ASSUMPTIONS (OFFSITE X/Q)
Boundary
EAB

2 hra

0-8 hr

8-24 hr

24-96 hr

96-720 hr

2.17E-04b

-

-

-

-

2.51E-05

1.78E-05

8.50E-06

2.93E-06

LPZ
a.

Any two-hour period

b.

0 to 1 min tornado value is 1.87E-6
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Table 9.1-2
TORNADO MISSILE ACCIDENT DOSE ANALYSIS ASSUMPTIONS (OFFSITE
BREATHING RATES)
Boundary
EAB
LPZ

2 hr

0-8 hr

8-24 hr

24-96 hr

96-720 hr

3.47E-04

-

-

-

-

3.47E-04

1.75E-04
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Table 9.1-3
SPENT FUEL POOL (SFP) COOLING SYSTEM RATING
Safety Basis
Heat Load

Normal Basis
Heat Load

32a x 106

16 x 106

Service water temperature in, F

85

80

Service water temperature out, F

125

113

Service water temperature differential, F

40

33

Pool water temperature, F

150

120

Service water flow, gpm (approximate)

1600

1000

Pool water flow, gpm (approximate)

1200

1200

7.93 x 106

5.3 x 106

Service water temperature in, F

80

80

Service water temperature out, F (approximate)

103

95

Service water temperature differential, F
(approximate)

23

15

Pool water temperature, F

150

120

Service water flow, gpm (approximate)

700

700

Pool water flow, gpm

610

610

SFP HEAT EXCHANGER B
Heat removal capacity, Btu/hr

SFP HEAT EXCHANGER A
Heat removal capacity, Btu/hr

a.

Maximum SFP heat load is limited to 25.67 x 106 BTU/HR per section 9.1.3.4.3
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Table 9.1-4
SPENT FUEL POOL (SFP) COOLING SYSTEM COMPONENT DATA
System design pressure, psig

150

System design temperature, F

200

Spent fuel pool heat exchanger
Quantity

2

Type

Shell and U-tube

Material, shell/tube

Carbon steel/stainless steel (SFP A)
stainless steel/stainless steel / SS (SFP
B)
SFP HEAT
SFP HEAT
EXCHANGER A EXCHANGER B

Design, Btu/hra

7.93 x 106

32 x 106

Service water flow, design gpmb

700

1600

Tube flow, design gpmb

550

1200

Spent fuel pool pump data
Quantity

3

Type

Horizontal centrifugal

Material

Stainless steel
SFP PUMP A

SFP PUMP B

SFP STANDBY
PUMP

Flow, design gpmb

610

1200

610

Head, ft H2O

150

150

150

Motor horsepower

50

100

50
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Spent fuel pool
Volume, ft3 / gallons
Boron concentration, ppm boron
minimum

34,100 / 255,000
2300

a.

Pool temperature at or below 150F, service water temperature at 80F, for SFP Heat Exchanger A and
85F for SFP Heat Exchanger B.

b.

Design flow rates represent rated values and do not represent flow limits. Flow limits are greater than
or equal to design flowrates.
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Table 9.1-5
OFFSITE AND CONTROL ROOM DOSES FOR THE SPENT FUEL POOL TORNADO
MISSILE ACCIDENT

CONTROL ROOM DOSE

Doses (Rem)

Limit (Rem)

0.63

5.0

TORNADO MISSILE ACCIDENT IN REGION 1 (100 HRS DECAY)
Exclusion Area Boundary (0-2 hours)

0.03

6.3

Low Population Zone (0-2 hours)

0.01

6.3
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Table 9.1-6
HEAT-UP TIMES ASSOCIATED WITH LOSS OF SPENT FUEL POOL COOLINGa
Operating Cooling
Loop

Service
Water
Temp (F)

Decay Heat
Load
(MBtu/hr)

Time to
180F in
Fuel Poolb
(hours)

Time to
212F in
Fuel Poolb
(hours)

Required
Make-up
Rate (gpm)

SFP Loop B (normal)
OR

40

25.67

2.4

4.9

53

SFP Pump A and SFP

60

25.67

2.4

4.9

53

Standby Pump crossconnected to SFP HX B

80

25.67

2.4

4.9

53

a.

Structural design temperature limit for SFP is 180F. The times to 212F and the boil-off rate at 212F
were calculated as requested by the NRC in Reference 42.

b.

Initial SFP temperature is 150F.
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9.2

WATER SYSTEMS

9.2.1

SERVICE WATER (SW) SYSTEM

9.2.1.1

Design Bases

The service water (SW) system takes suction from Lake Ontario via the screen house and
supplies cooling water to various turbine plant loads as well as auxiliary reactor plant loads.
The system supplies seal water to the circulating water pumps and the vacuum pumps,
flushing water to the traveling screens and makeup water to the fire water storage tank via
the fire booster pump. Service water (SW) is the normal supply to the standby auxiliary
feedwater system and an alternate supply to the preferred auxiliary feedwater system. The
system is designed to provide adequate cooling to critical and noncritical loads during
MODES 1 and 2 and to critical loads during accident conditions. The system normally
discharges back into Lake Ontario via the discharge canal. A discharge line to Deer Creek is
available for selected Auxiliary Building SW loads.
The service water (SW) system consists of four service water (SW) pumps, a single loop
supply header, isolation valves, and a normal and standby discharge header. The physical
design of the SW system is such that four(4) pumps, two(2) from each class 1E electrical bus
(Buses 17 and 18), supply the SW loop header. All portions of the service water (SW)
system (pumps, piping, etc.) serving safeguards equipment are designed as Seismic Category
I. All other portions of the service water (SW) system serving nonsafety loads are designated
as nonseismic and are capable of being isolated from the Seismic Category I portion.
9.2.1.2
9.2.1.2.1

Description
General Description

The service water (SW) loop header supplies the cooling water to all safety related and nonsafety related components. The nonsafety related and long-term safety functions (e.g.,
component cooling water heat exchangers) can be isolated from the loop header through use
of redundant motor operated isolation valves. These valves automatically close on a
coincident safety injection signal and undervoltage signal on Buses 14 and 16.
The system is sized to ensure adequate heat removal based on the highest expected
temperatures of cooling water, maximum loadings, and leakage allowances. The system is
monitored and operated from the control room. Isolation valves are incorporated in all
service water (SW) lines penetrating the containment.
The service water (SW) system flow diagram is shown in Drawings 33013-1250, 330131251, and 33013-1925. Drawing 33013-1250, Sheets 1 through 3 is the safety-related service
water (SW) system P&ID. Drawing 33013-1251, Sheets 1 and 2 is the non-safety-related
service water (SW) system P&ID. Drawing 33013-1925 is the service water (SW) system
P&ID for the instrument air compressors and after coolers, which are supplied by the nonsafety-related portion of the service water (SW) system.
The four service water (SW) pumps are located in the screen house. They are two-stage,
vertical turbine pumps (original specified rating of 5300 gpm each, 1760 rpm, 198 ft (total
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discharge head), and 308 brake horsepower). Each pump has a clip-on type basket strainer
installed on its suction end bell. The service water (SW) pumps were originally supplied with
300-hp motors. Between 1995 and 1997, all four motors were replaced with 350-hp motors
that have anti-reverse rotation devices. An evaluation showed that this configuration met the
design and performance requirements of the system. Periodic service water (SW) pump
testing ensures that the inservice testing (IST) program performance requirements are
satisfied.
The service water (SW) system circulates water from the screen house on Lake Ontario to
various heat exchangers and systems inside the containment and the auxiliary, intermediate,
turbine, and diesel generator buildings. These buildings are Seismic Category I structures
except for the turbine building. Two or three of the pumps are generally in use to carry the
required normal cooling load. Table 9.2-1 lists the loads supplied by the service water (SW)
system.
During MODES 1 and 2, the service water (SW) system supplies flow to all necessary loads
except pump suction flow to the preferred auxiliary feedwater and standby auxiliary
feedwater pumps (SAFW). During residual heat removal operation for a normal plant
cooldown, almost all noncritical loads may be removed from the service water (SW) system,
if necessary. Following a safeguards actuation signal (with bus undervoltage) the service
water (SW) system would continue to supply all required critical loads except the supply to
the preferred auxiliary feedwater and standby auxiliary feedwater pumps (SAFW), which
require operator action to receive service water (SW) flow.
The fire protection system can be used as a backup for the service water (SW) system supply
to spent fuel pool (SFP) heat exchanger A, the standby spent fuel pool (SFP) heat exchanger,
either component cooling water (CCW) heat exchanger (under emergency, beyond design
basis conditions only), preferred auxiliary feedwater pumps, standby auxiliary feedwater
pumps (SAFW), and the diesel generator lube-oil coolers and jacket water heat exchangers
via temporary hoses.
Originally, plant load requirements dictated two or three pumps for normal full load, one
pump for accident conditions during the injection phase, and two pumps for accident
conditions during the recirculation phase. Based on subsequent analyses, a single service
water (SW) pump has been shown to provide adequate cooling to all loads during the
recirculation phase, coincident with nonessential load isolation. In January of 1999, the
NRC issued a Safety Evaluation Report (SER) accepting the results of RG&E’s evaluations
(Reference 14). However, as a result of performing the power uprate to 1775 MWt, the
required SW Pumps needed during the re-circulation phase of a design basis LOCA was
modified from one operating SW Pump to two operating SW Pumps. The number of SW
Pumps required during the injection phase of a design basis LOCA after uprate remains as
one SW Pump.
The post-accident containment pressure and critical reactor integrity parameters are not
affected since the limiting conditions for these parameters occur during the injection phase of
the design basis event. Typical service water (SW) flows supplied during normal operation
and reference design flows are shown in Table 9.2-2. Service water (SW) flow design limits
for critical loads are evaluated based on heat removal requirements and documented by
engineering design analyses. These tabulated major loads on the service water (SW) system
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formed the basis for the sizing of the service water (SW) pumps. Service water (SW) flow
rates analyzed for the various cases evaluated are consistent with the assumed single failure
for each case. See Section 6.2.2 for details of these cases. Electric power to the service
water (SW) pumps is provided by 480-V safeguards buses 17 and 18. Following a safety
injection (SI) signal and/or loss of offsite power, one service water (SW) pump is
automatically started on each diesel generator.
9.2.1.2.2

Service Water System Design

The service water (SW) system consists of a single loop header. Four(4) pumps, two(2) from
each class IE electrical bus (Buses 17 and 18) is arranged on a common piping header which
then supplies the service water (SW) loop header. A service water (SW) train is based on
electrical source only. Cross-tie valves are located in the loop header which could be used to
split the header. Some of the cross-tie valves are operated normally open, while others are
operated normally closed; this functions to balance service water (SW) system flows and
pressures. The loop header is designed so that no single failure will cause a plant shutdown.
The service water (SW) system piping is arranged so that all pumps can provide flow to the
critical loads identified on Table 9.2-2 (and also to the noncritical reactor compartment
coolers and containment penetration coolers). During normal operation, branch headers
supply various noncritical loads (see Table 9.2-1). Six pairs of motor-operated valves are
provided to automatically isolate the loop header from the component cooling water (CCW)
heat exchangers, spent fuel pool (SFP) heat exchangers, and the noncritical loads (excepting
the noncritical reactor compartment coolers and containment penetration coolers); in
addition, these valves can be controlled remotely from the control room. The redundant
valves in each pair are powered from independent 480-V safeguards buses (buses 14 and 16).
The motor-operated valves within each independent train will automatically receive a close
signal following a safety injection (SI) signal concurrent with a trip of the normal supply
breaker (i.e., undervoltage) on their associated 480-V safeguards bus. These valves will then
close automatically upon reenergization of their associated 480-V safeguards electrical bus by
its diesel generator.
The two component cooling water (CCW) heat exchangers, the "A" spent fuel pool (SFP)
cooling heat exchanger, the safety-related pump motor coolers located in the auxiliary
building, and the standby auxiliary feedwater (SAFW) pump room cooling units have
redundant service water (SW) discharge lines, thus providing Seismic Category I redundant
service water (SW) supply and discharge lines to these loads. The primary service water
(SW) discharge line discharges to the discharge canal and then to Lake Ontario. The
redundant service water (SW) discharge line discharges to a Seismic Category I discharge
structure, then to Deer Creek and to Lake Ontario. The redundant service water (SW)
discharge line is normally in standby; however, it is occasionally placed in service for such
activities as surveillance testing or maintenance work.
9.2.1.2.3

Service Water System Initiation on Loss of Offsite Power

The service water (SW) pumps are connected to the 480-V safeguards buses that can be
supplied by the emergency diesels in the event of a loss of all offsite power. One service
water (SW) pump per diesel is automatically started on either an undervoltage condition or a
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safety injection (SI) signal. For a safety injection (SI) signal coincident with an
undervoltage condition, the service water (SW) system is designed to supply cooling water
only to the required critical loads by means of automatically closing redundant motoroperated non-essential load isolation valves, with the exception that the noncritical reactor
compartment coolers and containment penetration coolers are not isolated. Under these
conditions, any one pump using emergency power is capable of supplying the required
cooling capacity to the injection phase loads shown in Table 9.2-2. On a loss of ac power to
the 480-V safeguards buses, the service water (SW) pumps restart automatically upon
reenergization of the buses. They do this under the following conditions:
A. Following an undervoltage condition on a safeguards bus, the selected service water (SW)
pump will restart after a 40-sec time delay following reenergization of the bus by the
emergency diesel.
B. On a safety injection signal, two service water (SW) pumps will start after 15-sec and 17sec time delays for trains A and B, respectively, following reenergization of the buses by
the emergency diesel (assuming an undervoltage condition existed), or from the time of the
safety injection signal, if no undervoltage existed.
The diesel generators employ jacket cooling and shell and tube heat exchangers. Service
water flow to these heat exchangers is provided through normally closed air operated valves.
The valves open upon receipt of a diesel generator start signal. The valves will fully open
prior to service water pump flow becoming available. Adequate heat absorption capacity is
provided to operate until the service water (SW) system starts.
The motor driven auxiliary feedwater pumps (MDAFW) are equipped with ball bearings and
require only supplementary cooling to the thrust-bearing jacket. The pumps are designed to
operate satisfactorily until the service water (SW) system starts.
The auxiliary feedwater pump drive turbine has an oil reservoir which provides a supply of
cool oil until the service water (SW) system starts. Tests conducted to determine the capacity
of the oil cooler have demonstrated that the oil remains within acceptable temperature limits
for at least 2 hours even without service water (SW) flow. Refer to Section 10.5.4.2 for
details of this test.
9.2.1.2.4

Containment Cooling Coils

The containment cooling coils are provided with both automatic and manual temperature
controls. A three-way selector valve (V-15532) is provided for this purpose. The automatic
position of this valve allows normal automatic operation of the air-operated containment
coolers service water (SW) outlet flow control valve (AOV-4561). In the manual mode,
signal air to AOV-4561 can be controlled through a regulator valve (V-15531). The safety
injection signal to AOV-4561 is not affected while in the manual mode. If the containment
temperature rises above 100F in the manual mode, regulator valve V-15531 can be
repositioned as required to reduce containment temperature.
Automatic temperature control is provided for the containment cooling coils. An automatic
bypass valve is provided around the containment cooling coil temperature control valve and
both valves will trip wide open on a safety injection signal. Both the control and the
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automatic bypass valves are of the fail open type. Manual globe valves are provided on the
outlet side of most service water (SW) system cooling services. Exceptions are the
containment coolers, spent fuel pool (SFP) heat exchanger B, component cooling water
(CCW) heat exchangers, and reactor compartment coolers which have butterfly valves that
can be used for flow adjustment and balancing.
Indicating alarms are provided to monitor each fan cooler discharge for flow and temperature.
A radiation-indicating alarm is located on the discharge line downstream of the discharge
header. In addition, each fan cooler inlet is provided with a pressure indicator.
9.2.1.2.5

Radiation Monitors

A common radiation monitor is provided in the service water (SW) discharge line from the
four containment coolers and the reactor compartment coolers. Individual coolers may be
manually isolated to determine which unit is leaking if the monitor indicates radioactivity.
Radiation monitors are also provided in the service water (SW) discharge lines from the spent
fuel pool (SFP) cooling system heat exchangers.
9.2.1.2.6

Service Water Fouling

Lake Ontario has an infestation of zebra mussels, which makes Ginna Station's cooling
systems potentially vulnerable to plugging. To control this problem, RG&E has installed
sodium hypochlorite injection lines in the screen house inlet plenum and service water (SW)
pump bays to prevent colonization of zebra mussels in the screen house bays. Chlorine
monitoring stations were also installed to monitor chlorine concentrations in the service
water (SW) supply headers in the screen house basement; in service water (SW) discharge
headers in the turbine building, intermediate building, and auxiliary building; and in the
discharge canal. The sodium hypochlorite injection system includes four injection pumps,
two of which may discharge into the inlet plenum and serve the circulating water system and
two of which may discharge into the service water (SW) pump bay and serve the service
water (SW) system (see Drawing 33013-1885, Sheet 2). Either of the service water (SW)
sodium hypochlorite injection pumps is capable of meeting the total service water (SW)
demand.
Based on zebra mussel biofouling experienced in 1991, the diesel generator jacket water heat
exchangers and turbine lube-oil coolers were identified as being particularly susceptible to
zebra mussel fouling. Valves with fire hose connections on the service water (SW) discharge
and supply sides of these heat exchangers and coolers provide backflushing capability to clear
out the zebra mussels. Side stream monitoring stations (bio-boxes) on the supply and
discharge sides of both the circulating water and non-safety-related service water (SW)
systems allow monitoring of biological growth (particularly zebra mussels) and chlorine
effectiveness.
NRC Generic Letter 89-13 requests licensees to implement a surveillance and control
program for the service water (SW) system to reduce the incidence of flow blockage problems
as a result of biofouling and conduct a test and retest program to verify the heat transfer
capability of safety-related heat exchangers cooled by service water (SW). Ginna Station has
equipped the spent fuel pool (SFP) cooling B heat exchanger, component cooling water
(CCW) heat exchangers, standby auxiliary feedwater pump (SAFW) room coolers, diesel
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generator coolers, and containment recirculating fan coolers with pressure and temperature
connections and instrumentation to support a heat transfer capability and performance testing
program. This installation is part of the Ginna Station Service Water System Reliability
Optimization Program, which also includes intake structure inspection, service water (SW)
and lake water sampling, and service water (SW) system flushing and cleaning programs and
the above chlorination program. The Service Water System Reliability Optimization
Program (SWSROP) was established to define the techniques, equipment, methods, and
responsibilities that are used to ensure that the service water (SW) system performs the
following functions: transfer the necessary heat from safety related equipment to the
ultimate heat sink under both normal and accident conditions, provide a source of water to
the preferred auxiliary feedwater system and the standby auxiliary feedwater system for
decay heat removal, and support reliable and economic operation of Ginna Station. The
program fulfills the recommendations of Generic Letter 89-13.
9.2.1.3

Design Evaluation

The service water (SW) system is designed to prevent a single active failure from curtailing
normal station operation. As will be noted from Drawings 33013-1250 and 33013-1251, the
20-in. service water (SW) supply loop is isolated by normally closed loop isolation valves
(4610 and 4779) and provides split flow to the safety-related component cooling water
(CCW) heat exchangers and spent fuel pool (SFP) heat exchangers. Certain cross-tie valves
are open to provide a balanced flow to the four containment fan coolers (valves 4639 and
4756) and to the two emergency diesel generators (valves 4760 and 4669). Supply lines to the
safety-related pump area coolers in the auxiliary building and to the nonsafety-related reactor
compartment coolers are also cross-tied. The system in this configuration is consistent with
the analysis of the service water (SW) loads during accident conditions and procedures used
during MODES 1 and 2. The service water (SW) loop header supplies the cooling water to all
safety related and non-safety related components. The non-safety related and long-term safety
functions (e.g., component cooling heat exchangers) can be isolated from the loop header
through use of redundant motor operated isolation valves. These valves automatically close
on a coincident safety injection signal and undervoltage signal on buses 14 and 16.
In addition to the loop isolation valves, each component also has individual isolation valves to
permit isolating any piece of equipment from the system.
The design basis for the service water (SW) system includes design against a single active
failure only; therefore, discussions relative to passive failures (i.e., critical pressure boundary
pipe crack, Reference 1) are provided for information only.
From a system reliability standpoint, service water (SW) flow required for long-term safety
functions (e.g., component cooling water (CCW) heat exchangers) has the capability of being
provided by means of manual operation of the normally closed loop isolation valves (4610
and 4779), adding system operation flexibility. In the normal system alignment, no single
active or passive failure could result in the loss of service water (SW) flow to redundant
critical loads, although the noncritical reactor compartment coolers could both be partially
disabled by a single passive failure.
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The service water (SW) system is a moderate energy system; therefore, a passive pipe failure
would probably result in a leak rather than a complete pipe rupture. Using the method
described in Reference 1, the estimated leakage for a service water (SW) system header is 640
gpm for a 20-in. header at 88 psig. Although this leak may cause a flooding problem, the
supply function of the affected header would not be significantly impaired (Reference 18). A
leak from the 2.5-in. supply line to the noncritical reactor compartment coolers would result
in the loss of about 25 gpm. This leak rate would not completely disable the coolers, each of
which normally receives about 45 gpm of service water (SW) flow. Leaks were reviewed as a
comparison to the Standard Review Plan; however, the service water (SW) system design is
based upon ensuring that post-loss-of-coolant accident (post-LOCA) requirements are met,
assuming a single active failure (AIF-GDC 41).
Double valves in series are provided for redundancy to automatically isolate nonessential service
during an incident in case of the failure of a motor-operated valve.
All control valves used in the service water (SW) system fail in the open position. The
control valve shown in the containment cooler discharge line is bypassed with a springloaded, fail open, quick action valve which will automatically open in the event of an
accident or any malfunction of the valve closing signal system.
9.2.1.4

Postaccident Conditions

Minimum postaccident injection phase operating requirements are met with one pump and
one loop header system (see Section 9.2.1.2.1). The remote operated isolation valves permit
isolation of all noncritical services for one pump operation with the exception that the noncritical reactor compartment coolers and containment penetration coolers are not isolated.
During transfer to the sump recirculation phase post-LOCA, the component cooling water
(CCW) heat exchangers are provided with service water (SW) flow; therefore, a second
service water (SW) pump is utilized in the analysis to accommodate this additional load. The
motor-operated valves which are opened to supply service water (SW) to the component
cooling water (CCW) heat exchangers also provide flow to branch headers that lead to the
spent fuel pool (SFP) heat exchangers. Since the branch headers are open during normal
power operation, the spent fuel pool (SFP) heat exchangers would be provided with service
water (SW) flow during the recirculation phase unless operator action is taken. Emergency
operating procedures provide guidance to operators for the isolation of the spent fuel pool
(SFP) heat exchangers, if necessary, to ensure adequate flow is provided to the component
cooling water (CCW) heat exchangers.
9.2.1.4.1

Recirculation Phase

Pre-Uprate
During the recirculation phase post-LOCA the service water (SW) loads dictate operation of
two service water (SW) pumps to accommodate the additional component cooling water
(CCW) heat exchanger loads. The use of two service water (SW) pumps allows the flow for
each pump to operate closer to its rated flow of 5300 gpm, as compared to the flow of only
one pump operating in a similar mode. Analyses have been performed assuming only one
service water (SW) pump in operation in the recirculation phase post-LOCA. This condition
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is assumed to result from the failure of an emergency diesel generator based on an initial
condition where only two of the four service water (SW) pumps were available as allowed by
the Technical Specifications. The results showed that the containment temperature and
pressure response was within the limits allowed (Figures 6.1-1 and 6.1-2 respectively)
(Reference 3). Although the service water (SW) flow resulting from a single operating pump
would be beyond its rated flow, it would still be less than its runout condition.
In their Safety Evaluation Report (SER) dated January 29, 1999, (Reference 14), the NRC
concurred that one service water pump was acceptable for post-LOCA recirculation phase
cooling. Although not required, the option to utilize the bus tie breaker between 480-V
safeguards ac buses 17 and 18 during the recirculation phase post-LOCA in order to provide
power to two service water (SW) pumps from a single diesel generator is retained, after
appropriate evaluation by Technical Support Center personnel. See also Section 8.3.1.1.6.6.
Uprate
However, as a result of performing the power uprate to 1775 MWt, the required SW Pumps
needed during the re-circulation phase of a design basis LOCA was modified from one
operating SW Pump to two operating SW Pumps. The bases for the Service Water Technical
Specification LCO has been revised to identify that two Service Water Pumps in each SW
loop are required to be operable for the SW loop to be considered operable.
9.2.1.4.2

Limiting Steam Line Break Events

The accident that produces the limiting containment integrity (peak pressure) response is not
a LOCA but a steam line break. See UFSAR Section 6.2.1.2.3 for a discussion of the cases
analyzed and assumptions. Previous analyses have determined that a limiting assumption for
containment pressurization due to a steam line break is no loss of off-site power. This
assumption causes the two Reactor Coolant Pumps to continue to operate throughout the
transient. In combination with this assumption, containment air cooler heat removal
capability is based on assuming only one service water pump in operation. This combination
of conservative assumptions ensures that the resulting containment pressurization analysis
results are bounding. Therefore, only one service water pump is needed to mitigate the effects
of a steam line break inside containment. Since a steam line break does not result in loss of
reactor coolant inventory, operation of the service water system in a recirculation phase is not
entered.
9.2.1.4.3

Accident Considerations With Offsite Power Available

The design basis accident analysis parameters affected by the flow capability of the service
water (SW) system are fuel peak clad temperature (LOCA), containment pressure integrity
(LOCA and steam line break), and equipment qualification (LOCA). For fuel peak clad
temperature analyses, SW flow impacts the containment back-pressure that exists during the
blowdown and reflood phase of a LOCA. As discussed in UFSAR Section 15.6.4.2.3.2, a
lower containment backpressure reduces the core reflooding rate due to the increased
difficulty in venting steam as a result of increased steam binding within the reactor and
reactor coolant system. This in turn maximizes peak clad temperature. Therefore, for
calculating minimum containment back-pressure to support LOCA analyses, service water
system flow is maximized so as to maximize flow to the containment air coolers. Therefore,
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off-site power is assumed to be available for this analysis. Additionally, the minimum backpressure analysis assumes operation of all four containment air cooler and minimum service
water temperature. This set of assumptions maximize the heat removed from containment by
the containment air coolers and thereby result in minimizing the containment back-pressure
that is used as input into the LOCA peak cladding analyses described in UFSAR Section
15.6.4.
For containment integrity the limiting parameters to be maintained following a break are
containment pressure and containment temperature. The steam line break produces the peak
containment pressure results for Ginna. As previously discussed, loss of off-site power is not
assumed for steam line breaks so as to maximize energy release from operating reactor
coolant pumps. Therefore, other single failures are assumed. Typically, although failure of
one service water pump would result in reduced flow it is not limiting, since four
containment air coolers would be still operating as well as two containment spray pumps.
The additional margin gained from the two operating pumps and operation of four
containment air coolers compensate for the reduction in SW flow to the containment air
coolers. At uprate the limiting single failure for a steam line break is a vital bus failure as
described in UFSAR Section 6.2.1.2.3.
The LOCA is the limiting accident related to the environmental qualification (EQ)
temperature limits shown in UFSAR Figure6.1-1. The results shown in Figure6.1-1 are based
on assuming loss of off-site power with a single failure of one emergency diesel generator.
Therefore, the results are based on one SW pump operating during the injection phase of a
design basis LOCA; and, two SW pumps operating during the recirculation phase of the
LOCA. The results are also based on assuming a maximum service water temperature of
85F. Although the uprate temperature at 24 hours after a design basis LOCA is greater than
the EQ profile for a short period of time, the long-term accident temperature drops below the
qualification profile. An aging equivalency analysis was performed for a range of activation
energies which demonstrated that the existing equipment qualification profile bounds the
uprate accident profile (Reference 15).
9.2.1.4.4

Postulated Service Water Pump Discharge Check Valve Failure

In a configuration with two service water (SW) pumps in operation, if one of the pumps trips
or is stopped and its discharge check valve fails to close, a reverse flowpath would be created
through this idle pump. The start of another service water (SW) pump would allow reverse
flow through this idle pump and reduce the service water (SW) flow delivered to the system
loads to less than normal flow for two-pump operation. Analysis has shown, though, that the
minimum service water (SW) flow delivered to the system loads for this configuration will
exceed that of a single service water (SW) pump. Therefore, the postulated discharge check
valve failure, which is a passive failure, is less limiting than either the failure of a service
water (SW) pump or the failure of a diesel generator assumed in the LOCA and steam line
break analyses.
9.2.1.5

Tests and Inspections

All system components were hydrostatically tested prior to station startup and periodic
inspections are performed during operation. All electrical components, switchovers, and
starting controls are tested periodically.
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Ginna Station has equipped service water (SW) system header A with a 20-in. removable
flange for periodic underground piping inspection. This access point located in the screen
house basement, in addition to a removable section of piping located in the control building
air handling room, allows for periodic robotic inspection of the condition of the underground
concrete liner of the service water (SW) system header A piping running from the screen
house to the auxiliary building.
Ginna Station has instituted a program for periodic performance testing, inspection, or
cleaning of critical safety related service water (SW) heat exchangers. Testing and/or
cleaning frequencies were established based on previous testing or inspection, consistent
with Generic Letter 89-13 guidance.
9.2.2

COMPONENT COOLING WATER (CCW) SYSTEM

The component cooling water (CCW) system is shown in Drawing 33013-1245 and 330131246, Sheets 1 and 2.
9.2.2.1

Design Bases

The component cooling water (CCW) system is designed to remove heat from plant
components during plant operation, plant cooldown, and during postaccident conditions.
Component cooling water circulates through parallel flow paths into various components
where it picks up heat from other systems and transfers the heat to the service water (SW)
system via the component cooling water (CCW) heat exchangers. The component cooling
loop serves as an intermediate system between the radioactive fluid systems and the service
water (SW) system. This arrangement reduces the probability of radioactive fluid leakage to
the environment via the service water (SW) system. The system design provides for the
detection of radioactivity entering the system from any of the components serviced and
includes the ability to isolate any component. Active system components that are relied upon
to perform the cooling function are redundant.
The component cooling loop is a closed system inside containment. Makeup water is taken
from the reactor makeup water transfer pumps and delivered to the component cooling surge
tank. A backup source of water is provided from the demineralized water system.
All piping and components of the component cooling water (CCW) system were designed to
the applicable codes and standards listed in Table 3.2-1. The component cooling water
system contains a corrosion inhibitor to protect the carbon steel piping.
9.2.2.2

System Design and Operation

Component cooling is provided for the following heat sources:
A. Residual heat removal heat exchangers (residual heat removal system).
B. Reactor coolant pumps and motors (reactor coolant system).
C. Nonregenerative heat exchanger (chemical and volume control system).
D. Excess letdown heat exchanger (chemical and volume control system).
E. Seal-water heat exchangers (chemical and volume control system).
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F. Boric acid recycle evaporator (chemical and volume control system).
G. Sample heat exchanger (sampling system).
H. Waste evaporator condenser (waste disposal system) (system physically removed in 1999).
I.

Waste gas compressors (waste disposal system).

J.

Reactor support cooling pads.

K. Residual heat removal pump mechanical seal coolers and bearing water jackets (residual
heat removal system).
L. Safety injection pump mechanical seal coolers (safety injection system).
M. Containment spray pump mechanical seal coolers (safety injection system).
At the reactor coolant pump, component cooling water (CCW) removes heat from the bearing
oil and the thermal barrier. Since the heat is transferred from the component cooling water
(CCW) to the service water (SW), the component cooling loop serves as an intermediate
system between the reactor coolant and service water (SW) cooling systems and ensures that
any leakage of radioactive fluid from the components being cooled is contained within the
plant.
During normal full-power operation, one component water pump supplies flow to both
component cooling water heat exchangers, however, cooling one component cooling water
heat exchanger can accommodate the heat removal loads. Therefore, especially at lower
service water (lake) temperatures, service water may be limited or isolated to one component
cooling water heat exchanger. The standby pump provides a 100% backup during MODES 1
and 2. Both pumps and both heat exchangers are utilized to remove the residual and sensible
heat during plant shutdown. If one of the pumps or one of the heat exchangers is not
operative, safe operation of the plant during cooldown is not affected; however, the time for
shutdown is extended.
Based upon the discussion provided above, increasing the component cooling water (CCW)
heat exchanger service water (SW) inlet temperature to 85F has no adverse impact on
normal plant operation or plant cooldown. For both scenarios, an increase in SW flow to the
component cooling water (CCW) heat exchangers would compensate for the impact of the
increased inlet temperature. Additionally, for a plant cooldown scenario, safe operation of the
plant during cooldown is not affected; however, the time for shutdown is extended. Normal
plant cooldown at uprate with an 85F lake temperature was evaluated by Westinghouse
(Reference 16) and demonstrated that plant cooldown to cold shutdown conditions were
obtained. Although the time required was increased over that achievable with the pre-uprate
power level, it was determined that the operation of one CCW Pump and one RHR Pump
were still capable of placing the RCS in Mode 5 in less than 30 hours after a reactor
shutdown.
For design basis accident scenarios, the reduction in CCW heat exchanger heat removal
capability, in combination with the reduced containment recirculation fan cooler (CRFC) heat
removal capability, would slightly decrease the long-term cooling capability of containment
following the transfer to the post-LOCA recirculation phase. As discussed in Section
9.2.1.4.3, the resulting impact on the containment cooldown transient has been determined to
be bounded by the design basis post-LOCA environmental qualification (EQ) temperature
envelope shown in Figure 6.1-1.
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The surge tank accommodates expansion, contraction, and inleakage of water, and ensures a
continuous component cooling water (CCW) supply until a leaking cooling line can be
isolated. Because the tank is normally vented to the atmosphere, a radiation monitor in the
component cooling system annunciates in the control room and closes a valve in the vent line
in the unlikely event that the radiation level reaches a preset level above the normal
background.
9.2.2.3

Component Description

Component Cooling Water Heat Exchangers
The two component cooling water (CCW) heat exchangers located on the upper level of the
auxiliary building are of the shell and straight tube type. Service water (SW) circulates
through the tubes while component cooling water (CCW) circulates through the shell side.
Parameters are presented in Table 9.2-3.
Component Cooling Water Pumps
The two component cooling water (CCW) pumps which circulate component cooling water
(CCW) through the component cooling loop are horizontal, centrifugal units. The pump
casings are made from cast iron (ASTM 48) based on the corrosion-erosion resistance and
the ability to obtain sound castings. The material thickness is indicated by high-quality
casting practice and ability to withstand mechanical damage, and, as such, is substantially
overdesigned from a stress-level standpoint. The design parameters are listed in Table 9.2-3.
Component Cooling Water Surge Tank
The component cooling water (CCW) surge tank, which accommodates changes in
component cooling water (CCW) volume, is constructed of carbon steel. Parameters are
presented in Table 9.2-3. Piping is provided for the addition of the chemical corrosion
inhibitor to the component cooling loop.
Component Cooling Valves
The valves originally installed in the component cooling water (CCW) system are
constructed of carbon steel with bronze or stainless steel trim. Stainless steel bodied valves
have been installed on a case-by-case basis as an equivalent replacement. Since the
component cooling water (CCW) is not normally radioactive, special features to prevent
leakage to the atmosphere are not provided.
Self-actuated spring-loaded relief valves are provided for lines and components that could be
pressurized to their design pressure by improper operation or malfunction.
Component Cooling Piping
All component cooling loop piping is carbon steel with welded joints and connections, except
at components which might need to be removed for maintenance.
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9.2.2.4
9.2.2.4.1
9.2.2.4.1.1

System Evaluation
Availability and Reliability
Accessibility

For component cooling of the reactor coolant pump and the excess letdown heat exchanger
inside the containment, most of the piping, valves, and instrumentation are located outside the
concrete shields for the reactor vessel, steam generators, and reactor coolant pumps at an
elevation above the water level in the bottom of the containment at postaccident conditions.
The exceptions are the cooling lines for the reactor coolant pumps and reactor supports,
which are not required to be operable following an accident. This location provides a
measure of protection from postaccident dynamic conditions and flooding and also provides
shielding which allows for maintenance and inspections to be performed during power
operation.
Outside the containment, the component cooling pumps and heat exchangers, and associated
valves, piping, and instrumentation can be maintained and inspected during power operation.
Replacement of one pump or one heat exchanger may be performed while the second units
are in service.
9.2.2.4.1.2

Seismic Design

The component cooling loop components are Seismic Category I and were designed to the
codes given in Table 3.2-1. In addition, the components of the component cooling loop are
not subjected to any high pressures (see Table 9.2-3) or stresses. Hence, a rupture or failure
of the system is very unlikely.
9.2.2.4.1.3

Loss of Component Cooling Water System

Valves are provided for isolation of individual leaking components. Also, although the
component cooling water (CCW) pumps and heat exchangers are redundant, they are
connected by single pipe headers whose failure could disable the system. However, at the
operating pressure and temperature of the system (100 psig, 200F) a passive failure could
probably result in a leak rate estimated to be no greater than 210 gpm. The normal volume of
water in the surge tank (1000 gal) would provide the operators with about 5 min at a leak
rate of 210 gpm to stop a leak from the system. It is improbable that the operator could act
within this time period, and it is possible that the leak may be in an unisolable portion of the
system. If a loss of the component cooling water (CCW) systems occurs during MODES 1
and 2, an operating procedure directs the operator to shut down the reactor and commence
decay heat removal using the steam generators with natural circulation of the reactor coolant
system. If component cooling water (CCW) cannot be readily restored, a plant cooldown
would be commenced. For a cooldown with no component cooling water (CCW), the
cooldown method and system described in Reference 12 (with the exception of the
component cooling water (CCW) and residual heat removal systems) would be available,
and a method is available to achieve MODE 5 (Cold Shutdown) conditions independent of
the component cooling water (CCW) and residual heat removal systems using the steam
generators as described in Reference 13.
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Loss of the component cooling water (CCW) system during postaccident recirculation
operation was considered in the Provisional Operating License review of Ginna Station. At
that time it was concluded that the residual heat removal (RHR) pumps could continue to
operate to recirculate containment sump water with decay heat being removed by the
containment fan coolers. It has since been determined that the mechanical seals for the RHR
pumps would require cooling during the recirculation phase. Therefore, during Recirculation
the component cooling water (CCW) system is not required for the RHR bearings, but it is
required for the RHR Seal Water Heat Exchangers (Reference 17). Current criteria for piping
system passive failures do not require the assumed passive failures of moderate energy
systems (like the component cooling water) under postaccident conditions, although system
leaks are assumed (Reference 4). Therefore, the component cooling water (CCW) system
makeup capability should be capable to cope with normal system leakage in postaccident
operation.
The effects of a loss of component cooling water (CCW) during a cooldown of the plant with
the residual heat removal system operating have been considered. In this case, with the
reactor vessel head installed, the reactor coolant system temperature would rise to greater
than 200F and decay heat could continue to be removed via the steam-generator
atmospheric steam dump valves using natural circulation. Steam-generator feed would be
accomplished by the preferred auxiliary feedwater system. The plant could remain in this
condition while component cooling water (CCW) repairs were made. For normal decay
heat removal when the reactor vessel head is removed, adequate cooling can be provided by
keeping the core flooded (using various systems such as the residual heat removal and
chemical and volume control systems) while repairs are made to the component cooling
water (CCW) piping. The component cooling water (CCW) system is accessible for repairs
and can be filled with water in less than 2 hours after the repairs are completed starting with a
completely drained system.
9.2.2.4.1.4

Component Cooling Water Surge Tank

During normal and postaccident operation, thermal expansion and contraction of the
component cooling water (CCW) system liquid is accommodated by the component cooling
water (CCW) surge tank, and leakage into or out of the system can be detected by surge tank
level changes. High and low surge tank levels are alarmed in the control room, and a
radiation monitor and alarm alerts the control room operator to the leakage of radioactive
fluid into the component cooling water (CCW) system from components which contain
reactor coolant.
The surge tank also maintains a positive suction head on the component cooling water (CCW)
pumps during normal and postaccident operation. Makeup water to the component cooling
water (CCW) system is normally supplied by the reactor makeup water system via a remotely
operated valve in the auxiliary building. The makeup rate is sufficient to accommodate
system leakage. The demineralized water system is also a makeup source utilizing manual
valves. Installation of redundant water level alarms on the component cooling water (CCW)
surge tank ensures early warning and detection of leaks in the component cooling water
(CCW) system so that operator action can be taken to prevent damage to the reactor coolant
pumps.
9.2.2.4.1.5

Safety-Related Functions

The safety-related functions of the component cooling water (CCW) system are to provide
Page 79 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

cooling for the residual heat removal heat exchangers and Emergency Core Cooling System
(ECCS) pumps. Other functions of the component cooling water (CCW) system include
cooling to the reactor coolant pumps, reactor support cooling pads, excess letdown heat
exchanger, and the nonregenerative heat exchanger.
On loss of component cooling water (CCW) flow, plant procedures require the operator to trip
the reactor and then trip the reactor coolant pumps. Loss of component cooling water (CCW)
flow to the excess letdown heat exchanger or reactor support cooling pads could cause a reactor
shutdown, but does not require immediate operator action, and adequate protection is provided
by plant procedures.
Regulatory Guide 1.97 recommends instrumentation for the component cooling water (CCW)
flow to the engineered safety features system with a range of 0 to 110% of design flow.
Although such instrumentation is not provided at Ginna Station, other instruments provide
adequate information. Ginna Station has redundant component cooling water (CCW) pumps
with pump status indication, as well as component cooling water (CCW) surge tank level
indication in the control room. Also, alarms are provided for the following: low surge tank
level, low system flow, low system pressure, and low component cooling water (CCW) flow
from the residual heat removal, core spray, and safety injection pumps. Thus, substantial
information exists to verify operability of the component cooling water (CCW) system.
The component cooling water (CCW) system is normally aligned with each supply line to the
residual heat exchangers closed by a motor-operated valve that can be remote manually
operated from the control room. This normal alignment is consistent with the cooling
requirements during the injection phase of emergency core cooling. One of these valves is
required to open upon transfer to the long-term recirculation phase following a loss-ofcoolant accident.
9.2.2.4.1.6

Flow-Induced Vibration

To minimize the potential for flow-induced vibration in the component cooling water (CCW)
heat exchangers and residual heat removal heat exchangers during normal cooldown and
postaccident recirculation modes, analyses were performed (References 5 through 8) to
determine the effects of reducing flow through the heat exchangers. The analyses supported
a reduction in flow and as a result, since 1994, component cooling water (CCW) flow has
been limited to approximately 2500 gpm through the shell side of each component cooling
water (CCW) heat exchanger. To accomplish this, the component cooling water (CCW)
system outlet valves from the residual heat removal heat exchangers (780A and 780B) were
throttled and remain in a position of approximately 30 degrees. Analysis showed that
throttling these valves would cause the least impact on system valves and would also reduce
flow through the residual heat removal heat exchangers to approximately 1800 gpm thereby
minimizing the potential for flow-induced vibration in these exchangers.
During normal power operation and the postaccident injection phase, the component cooling
water (CCW) system inlet valves to the residual heat removal heat exchangers (MOV-738A
and 738B) are in the closed position. Therefore, during these evolutions the component
cooling water (CCW) system flow is much less than its rated capacity and flow-induced
vibration is not a concern to system reliability.
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These flow rate reductions were determined to result in a 6% reduction in heat removal
capability of the residual heat removal and component cooling water (CCW) systems (as
compared to the design flow rates listed in Tables 5.4-6, 6.3-5, and 9.2-3). The reduction in
heat removal capability would not significantly affect cooldown operations. A normal plant
cooldown with an 85F lake temperature and the reduced component cooling water heat
exchanger flow rates was evaluated as part of the plant uprate to 1775 MWt (Reference 16).
The evaluation demonstrated that plant cooldown to Mode 5 conditions in less than 30 hours
after a reactor shutdown was achievable with operation of only one CCW Pump and one RHR
Pump.
9.2.2.4.2
9.2.2.4.2.1

Leakage Provisions
Introduction

Water leakage from piping, valves, and equipment in the system inside the containment is not
considered to be generally detrimental unless the leakage exceeds the makeup capability.
With respect to water leakage from piping, valves, and equipment outside the containment,
welded construction is used where possible to minimize the possibility of leakage. The
component cooling water (CCW) could become contaminated with radioactive water due to
one of the following:
a. A leak in any heat exchanger tube in the chemical and volume control, the sampling, or
residual heat removal systems, or a leak in the cooling coil for the mechanical seal on a
reactor coolant pump.
b. Absorption of radioactive products from the containment air during actual postaccident
operations.
9.2.2.4.2.2

Leakage Detection

Reactor coolant leakage into the component cooling loop from components being cooled are
detected by the leak detection system described in Section 5.2.5 for components within the
containment. Such leaks are detected by a radiation monitor located in the component
cooling system and also by an increase in level in the component cooling surge tank.
Leakage from the component cooling loop can be detected by a falling level in the component
cooling surge tank. The leaking component can be ascertained by sequential isolation or
inspection of equipment in the loop. If the leak is in the on-line component cooling water
(CCW) heat exchanger, the standby exchanger would be put on stream and the leaking
exchanger isolated and repaired. During MODES 1 and 2, the leaking exchanger could be
left in service with leakage up to the capacity of the makeup line to the auxiliary building
from the demineralized water system. Should a large tube-side to shell-side leak develop in a
residual heat exchanger, the water level in the component cooling surge tank would rise, and
the operator would be alerted by a high-water alarm. The atmospheric vent on the tank is
automatically closed in the event of high radiation level in the component cooling water
(CCW) system. If the leaking residual heat exchanger is not isolated from the component
cooling loop before the inflow completely fills the surge tank, the relief valve on the surge
tank lifts. The discharge of this relief valve is routed to the auxiliary building waste holdup
tank.
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Engineering analysis shows that the automatic closure of the component cooling water
(CCW) surge tank vent upon detection of reactor coolant system inleakage by the radiation
monitor will not overpressurize the system. In this case, the maximum system pressurization
was calculated to be approximately 229 psig, which is well below the 500-psig hydrostatic
test pressure limit of the component cooling water (CCW) pump seals, the most limiting
system component. The pressurization is limited by maximum component cooling water
(CCW) pump discharge pressure, maximum system deviation head, and highest-possible
relief valve pressure setting.
The severance of a cooling line serving an individual reactor coolant pump cooler would
result in substantial leakage of component cooling water (CCW). Several indications and
alarms are available to alert the operator of this loss of component cooling water (CCW). The
water storage in the surge tank after a low-level alarm, together with makeup flow, provides
the operator with time to close the valves external to the containment to isolate the leak.
Operator actions are dictated by the Ginna Emergency Procedures to prevent damage to the
reactor coolant pumps.
9.2.2.4.2.3

Relief Valves

The relief valves on the component cooling water (CCW) lines downstream from each reactor
coolant pump are designed with a capacity equal to the maximum rate at which reactor
coolant can enter the component cooling loop from a severance type break of the reactor
coolant pump thermal barrier cooling coil. Flow indication is available and isolation valves
can be closed to prevent the continued inflow of reactor coolant into the component cooling
water (CCW) system. The isolated portion of piping is designed to withstand full reactor
coolant system pressure (2500 psig).
The relief valve on the component cooling surge tank is sized to relieve the maximum flow
rate of water which enters the surge tank following a rupture of a reactor coolant pump
thermal barrier cooling coil prior to the time it is isolated. However, a full break is not
required to be considered with respect to causing a LOCA, since component cooling water
(CCW) is a moderate energy piping system which only requires consideration of cracks and
conservatism in the tube design will prevent tube collapse. Therefore, only cracks in
accordance with Reference 11 need to be postulated. The set pressure of the relief valve is
such that none of the components in the component cooling water (CCW) system would be
damaged due to the inflow of reactor coolant.
The relief valves on the cooling water lines for the sample, excess letdown, seal-water,
nonregenerative, and residual heat exchangers are sized to relieve the volumetric expansion
occurring if the exchanger shell side is isolated when cool, and high-temperature coolant
flows through the tube side. The set pressure equals the design pressure of the shell side of
the heat exchangers.
9.2.2.4.3

Incident Control

Since the component cooling water (CCW) system loop is used as an engineered safety
feature, containment isolation valves are not automatically closed. That portion of the loop
located outside the containment is not required to be a closed system. Each of the cooling
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water supply lines to the reactor coolant pumps contains a check valve inside and a remote
operated valve outside the containment wall. Each return line has a remote operated valve
outside the containment wall. The cooling water supply line to the excess letdown heat
exchanger contains a check valve (inside the containment wall), normally open supply and
return manual isolation valves (located outside the containment wall) and a return line air
operated globe valve (outside the containment wall) which are closed during MODES 1 and
2. Except for the normally closed makeup line and equipment vent and drain lines, there are
no direct connections between the cooling water and other systems. The equipment vent and
drain lines outside the containment have manual valves which are normally closed unless the
equipment is being vented or drained for maintenance or repair operations.
Following a loss-of-coolant accident, one component cooling pump and one component
cooling heat exchanger accommodate the heat removal loads. If either a component cooling
pump or component cooling heat exchanger fails, the standby pump and heat exchanger
provide 100% backup. Valves on the component cooling return lines from the safety
injection, containment spray, and residual heat removal pumps are locked open. Each of the
component cooling supply lines to the residual heat exchangers has a normally closed,
remotely operated valve. If one of the valves fails to open at initiation of long-term
recirculation, the valve which does open supplies a heat exchanger with sufficient cooling to
remove the heat load.
If a break of a cooling line occurs inside the containment, adequate valving is available
outside the containment on the component cooling supply and return lines to isolate the leak
(see Drawing 33013-1246, Sheet 1). None of the components inside the containment require
component cooling water (CCW) during recirculation. If the break occurs outside the
containment, the leak could either be isolated by valving or the broken line could be repaired,
depending on the position in the loop at which the break occurred.
Once the leak is isolated or the break has been repaired, makeup water is supplied from the
reactor makeup water tank by either one of the reactor makeup water pumps or the monitor
tank pump. If the loop drains completely before the leakage is stopped, it can be refilled by
either a reactor makeup water pump or the monitor tank pump in less than 2 hours.
To comply with Appendix R requirements related to ensuring the capability to achieve cold
shutdown within 72 hours and to relieve pump casing brittle fracture concerns, in 1983
RG&E purchased a spare component cooling water (CCW) pump to be stored on site which
could be manually placed in service, if needed. Modifications to the Appendix R program as
accepted by the NRC (Reference 9) and an evaluation by RG&E addressing the brittle
fracture concerns (Reference 10), later eliminated the commitment to maintain a spare pump.
In the review of SEP Topic III-4A, Tornado Missiles, it was concluded that a loss of the
component cooling water (CCW) system due to tornado effects will not compromise safe
shutdown capability, because alternative safe shutdown means are available which do not rely
on the component cooling water (CCW) system.
9.2.2.4.4

Malfunction Analysis

A failure analysis of pumps, heat exchangers, and valves is presented in Table 9.2-4.
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9.2.2.5

Instrumentation Requirements

The operation of the component cooling water (CCW) system is monitored with the
following instrumentation:
A. Temperature detectors in the main inlet and outlet lines for the component cooling heat
exchangers.
B. A pressure detector on the line between the component cooling pumps and the component
cooling heat exchangers.
C. A temperature and flow indicator in the outlet line from the heat exchangers.
D. A radiation monitor on the main inlet line to the component cooling pumps.
E. Wide range water level indication with redundant alarm instrumentation at the component
cooling water (CCW) surge tank.
The following is a list of alarms that are monitored in the control room:
AA. Component cooling surge tank high level.
BB.

Containment spray pump cooling water outlet low flow.

CC.

Reactor coolant pumps component cooling water (CCW) return high temperature or low
flow.

DD. Residual heat removal pump cooling water outlet low flow.
EE.

Component cooling heat exchanger outlet high temperature.

FF.

Component cooling pump discharge low pressure.

GG. Component cooling water from reactor support high temperature.
HH. Component cooling pump inlet header high temperature.
II.

Component cooling loop low flow.

JJ.

Component cooling service water low flow.

9.2.2.6

Minimum Operating Conditions

Minimum operating conditions for the component cooling water (CCW) system are shown in
Table 9.2-5 and are part of the Technical Specifications.
9.2.2.7

Tests and Inspections

The active components of the component cooling water (CCW) system are in either
continuous or intermittent use during MODES 1 and 2. System motor-operated valves are
exercised per surveillance program requirements. Periodic visual inspections and
preventative maintenance are conducted following normal industrial practice.
9.2.3

DEMINERALIZED WATER MAKEUP SYSTEM

The condensate demineralizer system which maintains the purity of the feedwater is
described in Section 10.7.7.
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The GE Betz Water Treatment System provides demineralized water to the reactor makeup
water tank, the component cooling water (CCW) surge tank, and the condensate storage
tanks. In addition, the GE Betz Water Treatment System provides demineralized water for
use throughout the plant. Drawing 33013-1908, Sheet 1, shows the GE Betz Water
Treatment System. The reactor makeup water tank provides demineralized water to the
chemical and volume control system for primary system makeup as discussed in Section
9.3.4 and to the component cooling water (CCW) system. The condensate storage system is
described in Section 9.2.4. The component cooling water (CCW) system is described in
Section 9.2.2.
9.2.4

CONDENSATE STORAGE FACILITIES

The condensate and feedwater systems are described in Section 10.4. The condensate storage
facilities are described in Section 10.7.4.
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Table 9.2-1
LOADS SUPPLIED BY SERVICE WATER (SW) SYSTEM
Diesel-generator coolers (4) and expansion tank makeup (2)
Condensate pump motor coolers (3)
Heater drain pump motor coolers (2)
Instrument air compressors (3)
Generator exciter cooler (1)
Generator bus duct coolers (2)
Generator seal-oil coolers (2)
Main feed pump lube-oil coolers (2)
Electrohydraulic control oil coolers (2)
Turbine lube-oil coolers (2)
Vacuum priming pumps (2)
Fire service water booster pump supply (1)
Traveling screen flushing valves supply (4)
Seal-water to circulating water pumps (2)
Relay room air conditioning units (2)
Battery room air conditioning unit (1)
Containment air test aftercooler (1)
Air conditioning water chillers (2)
Containment recirculation fan coolers (4 units, 3 coils per unit) and fan motor coolers (4)
Reactor compartment coolers (2)
Component cooling water heat exchangers (2)
Spent fuel pool heat exchangers (2 normal, 1 standby)
Safety injection pump outboard thrust bearing housing oil coolers (3)
Residual heat removal pump room coolers (2)
Charging pump room coolers (2)
Containment penetration cooling
Administrative computer room air conditioner unit (1)
Telephone equipment room air conditioning unit (1)
Degasifier and instrumentation and control shop
Alternative supply to Preferred auxiliary feedwater system (AFW) pumps (3)
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Normal supply to standby auxiliary feedwater system (SAFW) pumps (2)
Safety injection and containment spray pump area coolers (3)
(Service water (SW) lines to these were blanked closed in 1992. See Section 9.4.9.1)
Standby auxiliary feedwater pump (SAFW) area coolers (2)
Motor-driven auxiliary feedwater pump (MDAFW) oil coolers (2)
Turbine-driven auxiliary feedwater pump (TDAFW) oil cooler
Turbine-driven auxiliary feedwater pump (TDAFW) pump (outboard) thrust bearing
Motor-driven auxiliary feedwater pumps (MDAFW) outboard thrust bearing (2 pumps)
House heating boiler sample cooler
Component cooling water (CCW) area emergency shower and eyewash
Sample coolers (6)
Secondary cooling temperature control unit
GE Betz water treatment system source water

Page 89 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

Table 9.2-2
MAJOR SERVICE WATER SYSTEM FLOWS
Service (Number)

Design Flow
Each (gpm)a

Typical Flow at
Power Two Pumps
Total (gpm)b

Typical Flow at
Power Three
Pumps Total
(gpm)b

Number of Components
Assumed to Receive
Service Water Flow
During Injection Phase
Post LOCA

Number of Components
Assumed to Receive
Service Water Flow
During Recirculation
Phase Post LOCA

915d
31

4,769
235

5,460
270

4 cooler units
4 fan motor coolers

4 cooler units
4 fan motor coolers

946
5,070f

5,004e
2,642g

5,730e
4,200g

NA
None

NA
2

Reactor compartment coolers (2)

45

98

115

2

2

Diesel generators (2)c

320

751

865

2

2

Motor-driven auxiliary feedwater pumps (MDAFW)
oil coolers (2)c

7

14

14

2

2

Turbine driven auxiliary feedwater pump (TDAFW)
oil cooler (1)c

25

25

25

1

1

Main turbine lube oil coolers (2)

600

651

735

None

None

Penetration cooler (1)

20

34

40

1

1

Electrohydraulic control oil coolers (2)

20

39

45

None

None

100/70

259

290

None

None

90

308

350

None

None

Safety injection and containment spray (3)

NAh

NAh

NAh

None

None

Residual heat removal (2)

12.5

33

40

2

2

9

32

40

2

2

Containment fan cooler units (4)c consisting of:
Cooling coils (3 per unit)
Fan motor cooler (1 per unit)
Subtotal
Component cooling water (2)c

Seal oil coolers (2) (air side/H2 side)
Exciter (1)
Pump area coolers

Charging (2)
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Design Flow
Each (gpm)a

Typical Flow at
Power Two Pumps

3

9

Pump supplies (2)c

215i

Area Coolers (2)c

9

Number of Components
Assumed to Receive
Service Water Flow
During Injection Phase
Post LOCA
3

Number of Components
Assumed to Receive
Service Water Flow
During Recirculation
Phase Post LOCA
3

NA

NA

None

None

25i

NA

NA

None

None

Air compressors (3)

12 j

36

36

None

None

Air conditioning

525

270

310

None

None

Sample coolers and chillers (4)

15

41

50

None

None

Bus duct coolers (2)

70

162

180

None

None

Main feedwater pump lube oil coolers (2)

35

82

95

None

None

GE Betz water treatment system source water

600

200

200

None

None

Spent fuel pool heat exchanger A

700

474k

530k

None

None

Spent fuel pool heat exchanger Bc

1,600

661k

840k

None

1

Screen wash (4)

320l

505m

570m

None

None

TOTAL

NA

12,328

15,305

NA

NA

Number of pumps required (4)

NA

2n

3n

1

2

5,300

6,164o

5,102op 4,872q

Service (Number)

Safety injection pump bearing housing oil cooling
(3)c

Total (gpm)b

Typical Flow at
Power Three
Pumps Total
(gpm)b

Standby auxiliary feedwater(SAFW):

Service water pump flow (gpm) per pump
a.

These values represent flows utilized for design purposes and during normal operation (MODES 1 and 2) and testing are applied to the critical loads as alert values.

b.

Flows represent typical values determined by hydraulic analysis of the service water (SW) system using a computerized model, which represents the system configuration and which has been baselined
against system testing and operations data.

c.

These loads have been classified as critical loads as they have either a postaccident function or a function important to safety.

d.

Minimum required flowrate for 80F service water (SW) system temperature and 33,000 cfm air flow is presented. Requirements to ensure containment integrity are based on heat removal rate in Btu/hr
in the accident analysis and are dependent on service water flow and temperature and fan cooler air flow rate. See Section 6.2.2.1 and 9.2.1.4.
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e.

During normal operation (MODES 1 and 2) the actual flowrate to the containment recirculating fan coolers may be throttled based on the setting of the common outlet control valve.

f.

Value is based on sizing of the heat exchanger with system valves full open for the purpose of satisfying the maximum required decay heat removal for the normal plant cooldown evolution.

g.

During normal operation (MODES 1 and 2), flow to the component cooling water heat exchanger is throttled based on service water temperature and number of service water pumps operating.

h.

The service water (SW) piping to these pump area coolers is blanked closed. These coolers are not required for operation of the pumps. See Section 9.4.9.1.

i.

The service water (SW) system provides flow (manually initiated) to the standby auxiliary feedwater pumps (SAFW) as a backup to the Preferred auxiliary feedwater system (AFW) only for postulated
special events when all auxiliary feedwater pumps are unavailable.

j.

Instrument air compressor C was replaced in 1995. The service water (SW) design flow to this new unit is 20 gpm.

k.

During normal operation (MODES 1 and 2), flow to the spent fuel pool heat exchanger is throttled based on lake temperature and spent fuel pool load.

l.

The screen wash design flow was based on 60 psig at the nozzles. The actual pressure is approximately 50 psig.

m.

Two traveling water screen sprays are normally in operation as the screens operate by a timer cycle.

n.

The number of service water (SW) pumps in operation while the plant is at power is dependent on lake temperature and pump header pressure.

o.

This flow exceeds “rated” service water (SW) pump capacity but is within the maximum runout flow of 7600 gpm which is a net positive suction head (NPSH) limit.

p.

Reflects the flow for the service water (SW) pump that is operating on the single pump service water (SW) header during three-pump normal service water (SW) operation.

q.

Reflects the flow for each of the two service water (SW) pumps that are operating on the two-pump service water (SW) header during three-pump normal service operation.
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Table 9.2-3
COMPONENT COOLING LOOP COMPONENT DATA
Component cooling water pumps
Quantity

Two

Type

Horizontal centrifugal

Rated capacity, gpm

2980

Rated head, ft H20

165

Normal cooldown capacity (throttled), gpma

2400

Head at normal cooldown capacity, ft H2O

180

Capacity during normal power operation, gpmb

1300-1400

Motor horsepower, hp

150

Casing material

Cast iron

Design pressure, psig

150

Design temperature, F

200

Component cooling water heat exchangers
Quantity

Two

Type

Shell and straight tube

Heat transferred, Btu/hr

c25.15

x 106

Shell side (component cooling water)
Inlet temperature, F

117

Outlet temperature, F

100

Flow rate, lb/hr

c

Design temperature, F

200

Design pressure, psig

150

1.475 x 106(approx 2970gpm)
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Tube side (service water)
Inlet temperature, F

80d

Outlet temperature, F

90

Flow rate, lb/hr

2.53 x 106

Design pressure, psig

150

Design temperature, F

200

Tube material

Admiralty

Shell materiale

Carbon steel

Component cooling water surge tank
Volume, gal

2000

Volume above normal operating water level, gal

1000

Design pressure, psig

100

Design temperature, F

200

Construction material

Carbon steel

Relief valve setpoint, psig

100

a.
b.

During plant cooldown or postaccident recirculation with residual heat removal heat exchangers in
service.
Residual heat removal heat exchangers not in service.

c.

To minimize the potential for flow-induced vibration in the component cooling water heat exchangers,
as of 1994 component cooling water flow has been limited to approximately 2500 gpm through the shell
side of each exchanger. See Section 9.2.2.4.1.6.

d.

Maximum possible inlet temperature is 85F. Impact of 85F inlet temperature on CCW Heat
Exchanger performance is discussed in Section 9.2.2.2.

e.

In an effort to minimize corrosion on the service water side of the "B" component cooling water heat
exchanger, the outlet channel and inlet/outlet tubesheets, which are carbon steel, have been coated with
an epoxy.
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Table 9.2-4
FAILURE ANALYSIS OF PUMPS, HEAT EXCHANGERS, AND VALVES
Components

Malfunction

Comments and Consequences

Component cooling
water pumps

Rupture of a pump
casing

The casing and shell are designed for 150 psi
and 200F, which exceed maximum operating
conditions. Furthermore, the system can
withstand even higher conditions without
failure. Rupture due to missiles is not
considered credible; however, each unit is
isolable and second unit can carry total
pumping load.

Pump fails to start

Additional pump is available. Only one is
required to perform the required cooling
functions.

Manual valve on a
pump suction line
closed

This is prevented by prestartup and operational
checks. Further, during normal operation
(MODES 1 and 2), each pump is operated on a
periodic basis, which would show if a valve is
closed.

Component cooling
water

Valve on discharge
line sticks closed

The valve is shown to be open during periodic
operation of the pumps during normal operation
(MODES 1 and 2).

Check valve at inlet
penetrations

Sticks closed

For flow loops required for normal operation
(MODES 1 and 2), there is flow through this
line at all times. Hence, the valve is normally
open and that it sticks closed at the time of
accident is considered incredible.

Component cooling
heat exchanger

Tube or shell rupture

Rupture is considered improbable because of
the low operating pressure. Each unit is
isolable. Second unit can carry total heat load
for normal operation (MODES 1 and 2).

Demineralized water
makeup line check
valve

Sticks open or
manual valve is
open

The check valve is backed up by the manually
operated valve. Manual valve is normally
closed.

Component cooling
Left open
heat exchanger vent or
drain valve

This is prevented by prestartup and operational
checks. On the operating unit such a situation
is readily assessed by makeup requirements to
system. On the second unit such a situation is
ascertained during periodic testing.

Page 95 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

Table 9.2-5
MINIMUM ALLOWED COMPONENTS FOR THE COMPONENT COOLING WATER
(CCW) SYSTEM
Component

Number
Installed

Minimum toa
be Operative

Component cooling pumps

2

2

Component cooling heat exchangers

2

2

Residual heat removal heat exchangers

2

2

Service water pumps

4

2

a.

As defined in the Ginna Station Technical Specifications, certain components may be out of service for
specified time durations without requiring plant shutdown.
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9.3
9.3.1
9.3.1.1

PROCESS AUXILIARIES
INSTRUMENT AND SERVICE AIR SYSTEMS
System Description

The instrument air system supplies clean, dry air for valve operators, and piping penetration
pressurization. The service air system supplies air for maintenance and service use and the
backup eductor for vapor extraction of the turbine-generator bearing drains. A backup source
of air supply to the instrument air header is from the service air system. The flow diagram of
the service air systems is shown in Drawing 33013-1886, Sheets 1 and 2.
The instrument air system produces 120 to 125 psig dry, filtered air used chiefly as the motive
power for valve actuation. The system consists of three air compressors with an associated
aftercooler and air reservoir for each compressor. Air from the receivers is supplied to the
instrument air header through filters and an air dryer. The instrument air header delivers air to
the various valve actuators, piping penetration pressurization system, and containment air and
proof test system. The instrument air compressors, receivers, filters, and dryers are shown in
Drawing 33013-1900, Sheets 1 and 2.
The service air system produces 115 to 125 psig dry, filtered air used in the maintenance air
connections throughout the station, for fire water storage tank pressurization, and the turbine
lube-oil system. The system consists of one air compressor with an integral aftercooler and
associated air receivers. A cross-tie between service air and instrument air allows the service
air system to supply the instrument air header if instrument air pressure drops below 90 psig.
The cross-tie occurs prior to the instrument air filters. Therefore, air being supplied to the
instrument air header will always pass through the filters and dryer. A cross-connect between
the service air system and the instrument air system allows both systems to be supplied by a
single rotary screw air compressor. A pressure regulator valve will stop air flow to the service
air system if pressure on the service air side drops below 100 psig. Administratively, the
instrument air system and service air system are cross-connected only when one of the rotary
screw air compressors is in operation.
The instrument and service air compressors, aftercoolers, air receivers, and filters are located
in the turbine building basement (253-ft level).
All controls and instrumentation that are required for safe operation and shutdown of the
plant are electrical. Instrument air is used chiefly as the motive power for valve actuation.
Air supply failure does not affect the safe operation of the plant; it affects only the means of
positioning air controlled equipment. All air-operated containment isolation valves are listed
in Tables 6.2-15 and 6.2-16. Table 6.2-16 lists the effects of loss of air supply on air-operated
valves containment isolation valves. The effects of loss of air to these valves were considered
in the safety analysis of all systems in the plant.
Instrument air distribution is shown in Drawings 33013-1887 through 33013-1899. Drawings
33013-1887 and 33013-1888 shows instrument air in the containment building. Drawings
33013-1889 through 33013-1892 shows instrument air in the auxiliary building. Drawing
33013-1893 shows instrument air in the intermediate building. Drawing 33013-1894 and
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33013-1895 shows instrument air in the turbine building. Drawing 33013-1896 shows
instrument air in the turbine building and screen house. Drawing 33013-1897, Sheets 1 and
2 shows instrument air in the all-volatile-treatment (condensate demineralizer) building.
Drawings 33013-1898 and 33013-1899 shows instrument air in the service building.
The instrument air system, although supplying valves in safety-related systems, is not
designed as a safety-related system. All safety-related systems using instrument air are
designed such that upon loss of air pressure each component will fail in a position of greater
safety.
9.3.1.2
9.3.1.2.1

Component Description
Compressors

The instrument air and service air compressors are comprised of a combination of two types
of equipment; two two-stage rotary screw type compressors and two vertical, canned, piston
type compressors. All air compressors utilize oil-free construction to minimize the possibility
of introducing oil into the instrument air system. The piston type instrument air compressors
include an attached aftercooler. The rotary screw air compressors include integral intercooler
and aftercoolers. The compressor air receivers are located adjacent to the compressors.
The two rotary screw air compressors are controlled locally by microprocessors. There is
also a start-stop control switch located on the back of the main control board. The rotary
screw compressors load or unload based on system pressure.
The two piston type compressors have local control capabilities for constant, off, and
automatic operation and a START-STOP control switch located on the back of the main
control board. Normally, compressor operation is controlled by the local selector switches.
When a compressor is placed in the constant operation configuration, the associated
compressor will start and run continuously. In this mode of operation, the associated
compressor is loaded or unloaded based upon system pressure.
The two piston type instrument air compressors, when in the automatic configuration, will
start and run continuously when the instrument air header pressure drops to 110 psig.
9.3.1.2.2

Aftercoolers

The instrument air aftercoolers used with the piston type compressors provide cooling of the
compressed air. The aftercoolers are counterflow shell and tube type heat exchangers. A
solenoid-operated service water inlet isolation valve opens whenever the compressor is
running. Service water flow rate is throttled by the temperature control valve in the flow
path between the aftercooler and compressor. A moisture separator is located at the air outlet
of the aftercooler. Any condensation resulting during cooling is removed by the moisture
separator and drained to the waste system.
The two stage rotary screw instrument air compressor utilizes an intercooler following the
first stage of compression and an aftercooler following the second stage of compression.
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Both heat exchangers utilize counter flow shell and tube heat exchangers. A moisture trap is
located on the outlet of both heat exchangers to remove condensation to the waste system.
The two stage rotary screw service air compressor is air cooled. The integral intercooler and
aftercooler are designed to achieve a 20F aftercooler approach temperature. A moisture trap
is located on the outlet of both coolers to remove condensation to the waste system.
9.3.1.2.3

Air Receivers

The air receivers provide a storage volume of compressed air. The service and instrument air
receivers are located adjacent to the compressor. The air receiver is provided with a safety
valve, moisture drain trap, and pressure indications. The safety valves on the service and
instrument air receivers are set for 135 psig.
The three instrument air receivers supply a common air header to the filters and air dryers.
Also connected to this common header ahead of the filters and dryers is the service air
crosstie. A pressure regulating valve in this line will automatically supply the instrument air
header from service air if the instrument air pressure drops below 90 psig.
9.3.1.2.4

Filters and Dryers

Two heaterless air dryers in the instrument air header reduce the dewpoint of the air to -70F
at atmospheric pressure. A prefilter before each drying unit removes entrained moisture and
oil to prevent fouling of the dehydration towers. An automatic drain trap directs any moisture
or oil collected to the waste system. Each dryer unit contains two desiccant-filled absorption
towers. An automatic timer controls the air flow such that one tower per unit is in the drying
stage while the other is being regenerated. Regeneration is accomplished by passing dry air
through the regenerating tower and venting the moisture-laden air. Dry air from each dryer is
passed through an afterfilter to remove any dessicant dust which may be present in the air. To
eliminate problems due to corrosion particles in the instrument air system, all piping and
valves downstream of the air dryers are brass or copper alloy. The two stage rotary screw
service air compressor utilizes a similar heaterless air dryer.
The two stage rotary screw instrument air compressor utilizes absorption/heat of compression
type dryer to remove any moisture from the compressed air. A rotor, made of material
designed to absorb water, rotates slowly and is passed by two flows of air. A flow of wet
compressed air to be dried passes through three quarters of the rotor. A flow of hot
compressed air is passed through one quarter of the rotor to regenerate the drying material
after moisture is absorbed from the wet compressed air. The dewpoint of air discharged to
the remainder of the system will be -22F at a temperature and pressure of 68F and 100
psig, respectively. This drying process neither utilizes nor produces any type of particulate,
therefore no downstream filtration is required.
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9.3.2

SAMPLING SYSTEMS

9.3.2.1
9.3.2.1.1
9.3.2.1.1.1

Nuclear Sampling System
Design Bases
Functional Requirements

The nuclear sampling system provides representative primary coolant samples for laboratory
analysis during MODES 1 and 2. Typical information obtained from the analyses includes
reactor coolant boron and chloride concentrations; fission product radioactivity level;
corrosion product concentration and chemical additive concentrations; and oxygen, hydrogen,
and fission gas content. The system has no active emergency function, but it interfaces with
the postaccident sampling system (see Section 9.3.2.3).
The system is capable of obtaining reactor coolant samples during reactor operation and
during cooldown when the system pressure is low and the residual heat removal loop is in
operation. Access is not required to the containment for the collection of samples.
Equipment for sampling secondary and nonradioactive fluids is separated from the equipment
provided for reactor coolant samples (Section 9.3.2.2). Leakage and drainage resulting from
the sampling operations are collected and drained to tanks located in the waste disposal
system.
Two types of samples are obtained by the system: high temperature-high pressure reactor
coolant system and steam generator blowdown samples which originate inside the reactor
containment, and low temperature-low pressure samples from the chemical and volume
control and auxiliary coolant systems.
High Pressure-High Temperature Samples
A sample connection is provided from each of the following:
a. The pressurizer steam space.
b. The pressurizer liquid space.
c. Reactor coolant system hot legs A and B.
d. The steam generator blowdown from each steam generator.
Low Pressure-Low Temperature Samples
A sample connection is provided from each of the following:
a. The chemical and volume control system mixed-bed demineralizer inlet header.
b. The chemical and volume control system mixed-bed demineralizer outlet header.
c. The residual heat removal loop, just downstream of the heat exchangers (Sample line is cut
and capped, and no longer in service).
d. The volume control tank gas space (Sample line is cut and capped, and no longer in
service).
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The high pressure-high temperature samples leaving the sample heat exchangers are held to a
maximum temperature of 127F to minimize the generation of radioactive aerosols.
All components, piping, and valves of the nuclear sampling system are designed to the
applicable codes listed in Table 9.3-1 and in Section 3.2.
9.3.2.1.1.2

Operational Requirements

The nuclear sampling system is designed to be operated manually, and on an intermittent
basis under conditions ranging from full power operation to MODE 5 (Cold Shutdown). In
the design of sampling system piping five design requirements were imposed:
a. The piping is routed such that representative samples of the primary system can be
obtained.
b. The piping internal diameter is sized such that the quantity of liquid that must be purged in
order to obtain a representative sample is minimized.
c. The piping internal diameter is sized such that sample fluid velocities are high enough to
maintain suspended solids in solution.
d. Flow through the system is limited during normal and accident conditions to prevent the
release of fission products beyond the limits of 10 CFR 20. During postaccident operation,
the postaccident sampling system may be used for highly radioactive material sampling and
analysis (see Section 9.3.2.3).
e. Piping runs contain sufficient delay in order to minimize radiation exposure of the sample
system operator (N-16 Gamma).
9.3.2.1.2
9.3.2.1.2.1

System Design and Operation
Sampling System

The nuclear sampling system, shown in Drawing 33013-1278, Sheets 1 and 2, provides the
representative samples for laboratory analysis. Analysis results provide guidance in the
operation of the reactor coolant and chemical and volume control systems. Analyses show
both chemical and radiochemical conditions.
Typical information obtained includes reactor coolant boron, chloride, and fluoride
concentrations, fission product radioactivity level, hydrogen, oxygen, and fission gas content,
corrosion product concentration, and chemical additive concentration.
The information is used in regulating boron concentration adjustments, evaluating fuel
element integrity and mixed-bed demineralizer performance, and regulating additions of
corrosion controlling chemicals to the systems. The sampling system is designed to be
operated manually, on an intermittent basis. Samples can be withdrawn under conditions
ranging from full power to MODE 5 (Cold Shutdown).
Reactor coolant liquid and steam lines, which are normally inaccessible or which require
frequent sampling, are sampled by means of permanently installed tubing leading to the
sampling room.
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Sampling system equipment is located inside the intermediate building with most of it in the
sampling room. The delay coil and sample lines with remotely operated valves are located
inside the reactor containment.
9.3.2.1.2.2

Reactor Coolant Samples

Reactor coolant liquid from both hot legs, pressurizer liquid, and pressurizer steam samples
originating inside the reactor containment flow through separate sample lines to the sampling
room. Each of these connections to the reactor coolant system has a remote operated isolation
valve located close to the sample source. The samples pass through the reactor containment,
to the intermediate building, and into the sampling room, where they are cooled (pressurizer
steam samples condensed and cooled) in the sample heat exchangers. The sample stream
pressure is reduced by a manual throttling valve located downstream of each sample pressure
vessel. The sample stream is purged to the volume control tank in the chemical and volume
control system until sufficient purge volume has passed to permit collection of a
representative sample. After sufficient purging, the sample pressure vessel is isolated and
then disconnected for laboratory analysis of the contents.
Alternately, liquid samples may be collected by bypassing the sample pressure vessels. After
sufficient purge volume has passed to permit collection of a representative sample, a portion
of the sample flow is diverted to the sample sink where the sample is collected.
The reactor coolant sample originating from the residual heat removal loop of the auxiliary
coolant system has a remote operated, normally closed isolation valve located close to the
sample source. This sample line is cut and capped, and no longer in service.
9.3.2.1.2.3

Chemical and Volume Control System Samples

Liquid samples originating at the chemical and volume control system letdown line at
demineralizer inlet and outlet pass directly through the purge line to the volume control tank.
Samples are obtained by diverting a portion of the flow to the sample sink. If the pressure is
low in the letdown line, the purge flow is directed to the chemical drain tank. The sample
line from the gas space of the volume control tank is cut and capped, and no longer in
service.
9.3.2.1.2.4

Steam Generator Liquid Samples

Samples of the steam generator liquid are obtained from the blowdown lines (see Drawing
33013-1278, Sheets 1 and 2). These sample lines are routed separately from each steam
generator into the sample room where the liquid is cooled and the pressure reduced. Each
individual sample is then split into two routes: one goes to the sample sink to provide samples
for chemical analysis; in case of a primary to secondary steam generator leak, the second goes
to a radiation monitor and then to drain. This second line handles a continuous flow for a
constant reading of conductivity and a constant monitoring for radiation. These lines are
missile protected within the containment and are equipped with an automatic isolation valve
and manual isolation valve in each line immediately outside the containment. The automatic
isolation valve is closed upon receipt of a signal from the blowdown sample radiation monitor
or the containment isolation system.
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9.3.2.1.2.5

Sample Sink

The sample sink, which is contained in the laboratory bench as a part of the sampling hood,
contains a drain line to the waste disposal system. A sample hood is provided around the
valves at the containment penetration area, which directs airborne activity that may result
from valve leakage to the intermediate building ventilation system.
9.3.2.1.2.6

Instrumentation

Local instrumentation is provided to permit manual control of sampling operations and to
ensure that the samples are at suitable temperatures and pressures before diverting flow to the
sample sink.
9.3.2.1.2.7

Steam Generator Blowdown

See Section 9.3.2.2.1 for a discussion of steam generator blowdown sampling for secondary
side chemistry control.
9.3.2.1.3

Component Description

Design parameters of the nuclear sampling system components are listed in Table 9.3-2.
9.3.2.1.3.1

Sample Heat Exchangers

Five sample heat exchangers reduce the temperature of samples from pressurizer steam space,
pressurizer liquid space, the hot legs, and each steam generator to 127F or less before
samples reach the sample vessels and sample sink. The tube side of the heat exchangers is
austenitic stainless steel, the shell side is carbon steel.
The inlet and outlet tube sides have socket-weld joints for connections to the high-pressure
sample lines. Connections to the component cooling water lines are socket-weld joints. The
samples flow at 0.42 gpm through the tube side and component cooling water from the
auxiliary coolant system circulates through the shell side.
9.3.2.1.3.2

Delay Coil

The hot-leg sample lines contain a delay coil, consisting of coiled tubing, which has sufficient
length to provide at least a 40-sec sample transit time within the containment and an
additional 20-sec transit time from the containment to the sampling hood. This allows for
decay of short-lived isotopes to a level that permits normal access to the sampling room.
9.3.2.1.3.3

Sample Pressure Vessels

The pressurizer sample trains, the residual heat removal loop sample train, and the volume
control tank gas space sample train each contain sample pressure vessels which are used to
obtain liquid or gas samples. The RHR loop and VCT gas space sample lines are cut and
capped, and no longer in service. The hot-leg sample lines have a single sample pressure
vessel in common. Integral isolation valves are furnished with the vessel and quickdisconnect coupling valves containing poppet-type check valves, are connected to nipples
extending from the valves on each end. The vessels, valves, and couplings are austenitic
stainless steel.
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9.3.2.1.3.4

Sample Sink

The sample sink is located in a hooded enclosure which is equipped with an exhaust
ventilator. The work area around the sink and the enclosure is large enough for sample
collection and storage for radiation monitoring equipment. The sink perimeter has a raised
edge to contain any spilled liquid.
The enclosure is penetrated by sample lines from the reactor plant, a demineralized water
line, and possibly steam system lines, all of which discharge into the sink. The sink and work
area are stainless steel.
9.3.2.1.3.5

Piping and Fittings

All liquid and gas sample lines are austenitic stainless steel tubing and are designed for high
pressure service. With the exception of the sample vessel quick-disconnect couplings and
compression fittings at the sample sink, socket-welded joints are used throughout the
sampling system. Lines are so located as to protect them from accidental damage during
routine operation and maintenance.
9.3.2.1.3.6

Instrumentation

A temperature detector is located in the sample line downstream of each of the sample heat
exchangers to provide the sample system operator with local temperature information. A
pressure indicator is located in the sample line downstream of each sample pressure vessel. A
flow meter is provided in the purge line to the volume control tank for use when purging
sample lines.
9.3.2.1.3.7

Valves

Remotely operated stop valves are used to isolate all sample points and to route sample fluid
flow inside the reactor containment. Manual stop valves are provided for component
isolation and flow path control at all normally accessible sampling system locations. Manual
throttle valves are provided to adjust the sample flow rate as indicated in Drawing 330131278, Sheets 1 and 2.
Check valves prevent gross reverse flow of gas from the volume control tank into the sample
sink. There is a check valve in the sample line from the residual heat removal loop to prevent
overpressurization of the residual heat removal system due to backflow from the reactor
coolant system. The RHR loop and VCT gas space sample lines are cut and capped, and no
longer in service.
All valves in the system are constructed of austenitic stainless steel or equivalent corrosion
resistant material.
Each sample line coming from the containment and the sample line from the residual heat
removal loop contain an air-operated valve operated from outside the sampling room. The
valves fail closed on loss of air.
Each sample line penetrating containment contains an air-operated globe valve used for
containment isolation. These valves are operated from the main control room or local
operating
Page 104 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

station outside the sample room and are closed automatically on a containment isolation
signal. They fail closed on loss of air to the valve. To resolve concerns identified in Generic
Letter (GL) 96-06 (Section 6.5.1.3), bypass lines with check valves were installed in 1997
inside containment around the air-operated sample line valves at penetrations 205, 206a and
207a.
9.3.2.1.4
9.3.2.1.4.1

System Evaluation
Availability and Reliability

Neither automatic nor operator action is required of the sampling system during an
emergency or to prevent an emergency condition. The system is therefore designed in
accordance with standard practices of the chemical processing industry.
9.3.2.1.4.2

Leakage Provisions

Leakage of radioactive reactor coolant from the system within the containment evaporates to
the containment atmosphere and is removed by the cooling coils of the recirculation air
heating and cooling system. Leakage of radioactive material from the most likely places
outside the containment is collected by placing the entire sampling station under a hood
provided with an offgas vent to waste gas processing. Liquid leakage from the valves in the
hood is drained to the chemical drain tank.
9.3.2.1.4.3

Malfunction Analysis

To evaluate system safety, the failures or malfunctions were assumed concurrent with a lossof-coolant accident, and the consequences analyzed. The results are presented in Table 9.3-3.
From this evaluation it is concluded that proper consideration has been given to station safety
in the design of the system.
9.3.2.1.5

Minimum Operating Conditions

All radioactive wastes are sampled and evaluated prior to release.
9.3.2.1.6

Tests and Inspections

The frequency and description of sample analyses are included in the Technical
Specifications and the Technical Requirements Manual (TRM).
9.3.2.2

Nonnuclear Sampling System

The secondary sampling system is provided with a number of sampling points. All sample
points are provided with manual sampling capability. Inline analyzers are provided for
selected parameters to allow continuous information useful in evaluating secondary
conditions and in developing corrective actions when required. Drawing 33013-2711, Sheets
1 through 4 shows the nonnuclear sampling systems.
9.3.2.2.1

Steam Generator Blowdown Sampling

Steam Generator blowdown analysis provides the closest approximation of the chemistry
which exists inside the steam generator. Steam generator blowdown water samples provide
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early indication of impurity ingress to the secondary system because of the concentrating
effect of boiling. Parameters monitored continuously are:
1. pH.
2. Conductivity.
3. Cation conductivity.
4. Chloride.
5. Sulfate.
6. Sodium.
The sampling system conditions samples from each steam generator blowdown header and
provides the conditioned samples to inline analyzers and to a manual sample point.
9.3.2.2.2

Hotwell Sampling

Two hotwell sample pumps allow sampling of the individual hotwell sections. Each hotwell
sample can be analyzed for sodium and cation conductivity. Condenser leaks of
approximately 0.05 gpm can be detected and isolated to a specific waterbox with the online
sodium analyzers.
9.3.2.2.3

Condensate Sampling

A sample connection on the condensate pump outlet header feeds inline pH, cation
conductivity, ion chromatograph, and dissolved oxygen analyzers at the secondary sample
sink.
9.3.2.2.4

Feedwater Sampling

A feedwater sample taken from a point between the high pressure feedwater heaters outlet
and the main feedwater regulating valve (MFRV) feeds inline pH, conductivity, cation
conductivity, dissolved oxygen, corrosion products, ion chromatograph, and hydrazine
analyzers at the secondary sample sink.
9.3.2.2.5

Main Steam Sampling

A sample connection on each main steam line feeds an inline cation conductivity analyzer at
the secondary sample sink.
9.3.2.2.6

Heater Drain Tank Sampling

A sample connection on the heater drain tank discharge line feeds an inline cation
conductivity, and corrosion products analyzer at the secondary sample sink.
9.3.2.2.7

Sampling Cooling

Cooling for the samples is accomplished by a service water primary cooling header with
primary heat exchangers, along with secondary cooling by a closed cooling water system
containing a temperature control unit with secondary heat exchangers. The samples that
require both primary and secondary cooling are:
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1. Feedwater to steam generator.
2. Steam generator blowdown.
3. Main steam samples.
4. Heater drain pump discharge.
The samples that require only secondary cooling are:
1. Condenser hotwell sample pump discharge.
2. Condensate pump discharge.
9.3.2.3
9.3.2.3.1

Postaccident Sampling System
Design Bases

The postaccident sampling system is designed to meet the postaccident sampling
requirements of NUREG 0578 and NUREG 0737, Item II.B.3, and to meet the containment
sump sampling and pH, and oxygen analysis requirements of Regulatory Guide 1.97,
Revision 2.
In January 2002, the NRC staff issued Amendment No. 81 to the Ginna Station Technical
Specifications (Reference 4). This amendment eliminated the Technical Specifications
requirement for having and maintaining a postaccident sampling system. However, as a
condition of this amendment to the Technical Specifications, three regulatory commitments
were made. Initially, it is not intended to physically eliminate or modify the postaccident
sampling system. The commitments will continue to be satisfied by maintaining and using
the appropriate portions of the PASS. For future reference, the regulatory commitments are
effective with the implementation of the license amendment and are as follows:
1. Maintain contingency plans for obtaining and analyzing highly radioactive samples of
reactor coolant, containment sump, and containment atmosphere. The contingency plans
are contained in plant procedures.
2. Maintain a capability for classifying fuel damage events for core damage levels
approximating radioactivity levels of 300 Ci/gm dose equivalent iodine. This
capability is described in plant procedures.
3. Maintain the capability to monitor radioactive iodines that have been released to offsite
environs. This capability is described in plant procedures.
The postaccident sampling system is designed to allow the station to obtain and analyze
reactor coolant, containment air, and containment sump samples within 3 hours after the
decision is made to sample. The postaccident sampling system also permits routine sampling
of these process streams during MODES 1 and 2. In-line chemical instrumentation is
provided in a liquid and gas sample panel which remotely determines important chemical
parameters of the reactor coolant, containment air, and containment sump A. In addition, the
liquid and gas sample panel enables acquisition of both diluted and undiluted grab samples of
the reactor coolant and containment air for isotopic analysis in the counting lab. Radiation
exposure during postaccident sampling is minimized by operating the postaccident sampling
system
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liquid and gas sample panel remotely from an electric control panel and instrument panel
located in the hot shop.
The postaccident sampling system is nonseismic except for the component cooling water and
volume control tank purge line tie-ins, which are Seismic Category I. The supports of the
system components are designed to ensure their structural integrity and the integrity of the
interfacing Seismic Category I structures in the event of a seismic occurrence.
9.3.2.3.2

System Description

The postaccident sampling system shown in Drawing 33013-1279 consists of the following
components:
A. One liquid and gas sample panel.
B. One electrical control panel and instrumentation panel.
C. Four postaccident sampling system coolers.
D. One postaccident sampling system waste tank.
E. One postaccident sampling system tank transfer pump.
F. One postaccident sampling system waste tank evacuating compressor.
G. One containment sump A sample pump.
H. Seven gas bottles.
I.

Piping, valves, and other instrumentation.

The shielded liquid and gas sample panel located at elevation 235 ft in the south section of the
intermediate building provides reactor coolant, containment sump, and containment
atmosphere sampling capability. Control and monitoring of the liquid and gas sample panel is
accomplished remotely by the electrical control panel and instrument panel located in the hot
shop at elevation 253 ft approximately 30 ft away from the liquid and gas sample panel.
Analytical laboratories are available onsite in the service building at elevation 271 ft and in
the ground floor of the Training building. Grab samples of the containment sump fluid and
reactor coolant can be collected at the liquid and gas sample panel, transported in a leadshielded container to the next elevation and passed through a "passbox" to the radiochem lab
for analysis. Containment air samples are also collected at the liquid and gas sample panel
and transported manually to the "passbox" for isotopic analysis in the radiochem lab.
Containment hydrogen monitoring and radiation monitoring of containment air are described
in Sections 6.2.5.1 and 6.2.1.5.3, respectively.
9.3.2.3.3
9.3.2.3.3.1

Component Description and Operation
Liquid and Gas Sample Panel

The liquid and gas sample panel provides reactor coolant, containment sump, and
containment atmosphere sampling capability. All postaccident sample system analysis and
sample components which contain postaccident liquids and gases are mounted in the liquid
and gas sample panel behind a shield structure. The panel incorporates integral lead shot and
steel shielding to limit operator radiation exposure levels from the panel components. The
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rear of the panel is enclosed and includes provisions for exhausting to the plant ventilation
system to prevent airborne contamination of the sample area. An integral spray system is
provided in the panel for washdown and decontamination prior to maintenance.
The panel can be used for routine in-line chemical analysis. Reactor coolant gas stripping and
sampling during MODES 1 and 2 is provided. Under accident conditions, the panel provides
reactor coolant gas stripping, liquid and gas dilution, in-line chemical analysis, and liquid and
gas grab sample capabilities. All high-level samples are confined to the heavily shielded
areas.
The postaccident sampling system functional requirements are listed in Table 9.3-4. The
inline instrumentation required to achieve those requirements are contained in the liquid and
gas sample panel. The panel contains the means to:
a. Strip reactor coolant of dissolved gases for subsequent analysis.
b. Obtain an undiluted containment air sample.
c. Dilute reactor coolant, containment air, and containment sump samples by a factor of
approximately 1000. The diluted samples can be withdrawn by a shielded syringe via port
connections located on the front of the liquid and gas sample panel. The liquid and gas
sample panel also contains a means to obtain an undiluted reactor coolant gas and liquid
grab sample during MODES 1 and 2.
Liquid purges during MODES 1 and 2 can go to the volume control tank or to the
postaccident sampling system waste tank. Liquid samples normally gravitate down to the
postaccident sampling system waste tank which is located underneath the liquid and gas
sample panel. In addition, the liquid and gas sample panel has an overpressure relief valve
that relieves to the postaccident sampling system waste tank.
Flushing flows are set at a rate (about 1900 cm3/minute) so that representative samples are
available in about 10 minutes.
To minimize personnel exposure during accident conditions, the liquid and gas sample panel
integral lead shielding is of sufficient thickness to limit the direct radiation dose at 1 m in
front of the panel to less than 100 mR/hr at 1 hr after the accident from sources within the
panel, excluding backscatter and other background sources. This ensures that the total dose
that a single operator can receive while obtaining and analyzing a single sample is 5 rem
whole body and 75 rem to the extremities.
The specific analyses that the liquid and gas sample panel is required for, as well as the
required types of instrumentation, range, and accuracy, are included in Table 9.3-5.
9.3.2.3.3.2

Gas Sampling

The gas sampling section of the liquid and gas sample panel provides the capability to sample
the containment atmosphere. Samples are obtained with an internal vacuum pump, thereby
providing assurance that samples can be obtained under positive or negative containment
pressures. To ensure representative sampling, the entire system is purged prior to sample
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acquisition and analysis. Postaccident gas samples are routed to the containment after exiting
the panel.
After adequate purging has been completed, gas samples may be routed directly to the liquid
and gas sample panel mounted gas chromatograph for in-line hydrogen and oxygen analysis.
The analysis portion of the instrument is located in the liquid and gas sample panel and the
control and readout portion is located on the instrument panel.
Gas samples may also be routed through a dual range dilution loop to reduce the specific
activity to a level that is acceptable for grab sampling. Adequate dilution capability is
provided by this loop to allow isotopic analysis of postaccident gas samples with existing hotlab equipment.
The basic concept of the dilution loops involves capturing an undiluted gas sample "bite" in
either of two dilution loops of preset fixed volume. The captured gas is then purged with
argon into a preevacuated vessel of fixed volume. Finally, additional argon is added to
achieve a preselected vessel pressure. The use of two dilution loops of different volume
provides a dual-range dilution capability. The final vessel pressure setpoint can also be
changed to provide variation in the ultimate dilution ratio.
The panel provides the capability of obtaining grab samples of primary coolant dissolved
gases and containment atmosphere through septum ports located on the front of the liquid and
gas sample panel. A shielded syringe is used for sample acquisition. Normal operation
undiluted gas samples can also be obtained. Valve interlocks are provided to prevent
undiluted gas sampling under accident conditions.
The gas sampling system can be evacuated and purged with nitrogen after each sample
operation to reduce radiation levels.
9.3.2.3.3.3

Liquid Sampling

System pressure or the containment sump sample pump provides the motive force to obtain
liquid samples from all sources. The liquid system can be purged prior to each operation to
ensure that representative sampling and analysis is achieved. During MODES 1 and 2, the
purged liquid will be routed to the waste disposal system. Under accident conditions, valve
interlocks are provided to ensure that the purge can only be routed to the postaccident
sampling system waste tank and, ultimately, returned to the containment.
After the system is purged, liquid samples can be routed to various in-line instruments for
analysis. Each device has been qualified for use during MODES 1 and 2 as well as under
postaccident conditions. Conductivity, pH, and dissolved oxygen are measured in-line using
sample probes. Boron analysis is provided by an automatic titration device. Chloride
analysis is provided through analysis of the diluted liquid sample in the chemistry laboratory.
Analysis parameters are displayed on the instrument panel.
Liquid samples can be processed through a gas stripping loop to remove dissolved gases. The
stripped gas can then be routed to the gas sampling system for hydrogen analysis, dilution,
and/or grab sampling. Normal operation stripped gas may be collected undiluted for routine
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isotopic analysis. Interlocks are provided to allow grab sampling of only diluted stripped gas
in a postaccident situation.
Postaccident liquid samples from the stripping loop are processed through a dilution loop
prior to grab sampling. The loop provides a nominal 1:1000 diluted sample for isotopic
analysis, chemical analysis, or offsite shipment.
The liquid section of the liquid and gas sample panel incorporates features to flush
components with demineralized water after each operation to reduce radiation levels. Liquid
wastes from the analysis and dilution sections of the panel are routed to the waste holdup tank
during MODES 1 and 2 and to the postaccident sampling system waste tank during
postaccident use.
9.3.2.3.3.4

Instrument Panel

The instrument panel provides remote indication of analytical parameters associated with
operation of the liquid and gas sample panel. The panel also houses the controls for the gas
chromatograph. Chemicals required for operation and calibration of the in-line instruments
are located in the instrument panel. The necessary support equipment for the in-line boron
analysis is housed in the instrument panel.
The instrument panel contains its own controls, instruments, and mechanical components
necessary for its operation. Since no sample fluids enter the panel, shielding is not required.
The instrument panel is located in an area away from the liquid and gas sample panel in a low
dose rate area to reduce operator exposure associated with monitoring and control functions.
The following display devices are provided on the instrument panel:
a. Digital pressure and temperature indicators.
b. pH indicator.
c. Conductivity monitor.
d. Oxygen monitor.
e. Recorders for hydrogen and oxygen concentration.
f.

Boron concentration meter (integral with analyzer controls).

9.3.2.3.3.5

Electrical Control Panel

The electrical control panel houses all electrical support equipment necessary for operation of
the liquid and gas sample panel. All remotely operated valves in the liquid and gas sample
panel are operated from the electrical control panel. A lighted mimic display showing the
status of valves and equipment is provided as part of the electrical control panel. The accident
isolation switch which locks out all normal sampling functions under accident conditions is
also located on this panel.
9.3.2.3.3.6

Postaccident Sampling System Coolers

In order to cool down influent samples, four tube and shell type coolers are provided using
component cooling water as their cooling medium. These coolers serve the three reactor
coolant sample lines and the containment sump A sample line. A separate cooler for each
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liquid sample line ensures representative samples and minimizes the likelihood of sample
cross-contamination. The coolers are mounted behind the liquid and gas sample panel to take
advantage of the liquid and gas sample panel integral shielding to protect adjacent areas.
Design parameters are as follows: tube temperature of 700F, shell temperature of 350F,
tube pressure of 2485 psig, shell pressure of 150 psig, tube flow of 0.1 gpm, and shell flow of
10 gpm.
9.3.2.3.3.7

Postaccident Sampling System Waste Tank

The postaccident sampling system waste tank is provided to collect sample waste from
calibration operations, purges, flushes, and analyses. It is sized to contain the fluid generated
during any single sample operation, including a purge of at least three line volumes. It is
located within the liquid and gas sample panel support pad and below the liquid and gas
sample panel so that it receives the sample drainage by gravity. It is an 18-gallon tank having
a design pressure range from full vacuum to 150 psig and a design temperature of 150F. It
is normally vented to the intermediate building heating, ventilation, and air conditioning
exhaust via the liquid and gas sample panel exhaust plenum through a normally open valve.
During postaccident conditions, an evacuation compressor will cycle on tank pressure to vent
the tank to the containment atmosphere. The tank level is maintained by a level controlled
transfer pump cycling on and off. The tank contents can be emptied by either the transfer
pump (primary) or by nitrogen blowdown (backup) to either the waste holdup tank or sump A
in containment. The postaccident sampling system waste tank will collect potentially low
quality water from the containment sump sample and chemicals from instrument calibration.
Waste from these operations should not normally be returned to the volume control tank.
For overpressure protection a rupture disk is used for leaktightness and to ensure adequate
response to rapid pressure excursions as would occur with a hydrogen detonation. During
operation the rupture disk discharge would be routed directly to the intermediate building
heating, ventilation, and air conditioning system.
9.3.2.3.3.8

Postaccident Sampling System Waste Transfer Pump

A postaccident sampling system waste transfer pump is provided to empty the postaccident
sampling system waste tank of its contents during typical operation. For postaccident
operation the waste transfer pump discharges to the containment A sump. This is
accomplished by pumping in the reverse-to-normal flow direction through the containment A
sump pump discharge line. During MODES 1 and 2, the pump discharges to the waste holdup
tank. It has an auto/manual switch where auto causes it to cycle to maintain the postaccident
sampling system waste tank in a controlled level band. Its design parameters are 1 gpm flow,
150F temperature, and 150 psig pressure, with a discharge pressure of 85 psig.
9.3.2.3.3.9

Postaccident Sampling System Waste Tank Evacuating Compressor

A postaccident sampling system waste tank evacuating compressor is provided to maintain
the postaccident sampling system waste tank at atmospheric pressure during accident
conditions to ensure adequate gravity drainage from the liquid and gas sample panel. The
evacuating compressor will discharge to the containment during postaccident operation since
the process stream could contain postaccident gases which evolve from the reactor coolant.
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During MODES 1 and 2, the tank is vented via the liquid and gas sample panel plenum to the
intermediate building heating, ventilation, and air conditioning system.
The compressor has an auto/manual switch where auto causes it to cycle off of a pressure
transmitter in the waste tank. Its design parameters are 150 psig, 120F, and 0.5 scfm
minimum. It has a discharge pressure of 75 psia and a suction pressure of 14.0 to 14.7 psia.
9.3.2.3.3.10

Containment Sump A Sample Pump

The containment sample pump is an air-operated, 1-gpm pump. Its design parameters are 150
psig and 250F, and it has a discharge head of 50 psig. It can discharge either to the waste
holdup tank or to the liquid gas and sample panel via a heat exchanger.
9.3.3

EQUIPMENT AND FLOOR DRAINS SYSTEMS

The equipment and floor drain systems serve to route leakage from equipment and
compartments in order to provide proper control of leakage, prevent uncontrolled
communication between areas as necessary, and to allow monitoring of leakage prior to
disposition. Pedestals and curbs are provided to prevent safety-related equipment from being
flooded with standing water. The equipment and floor drains are included in the liquid waste
disposal system and are included in Drawings 33013-1259 and 33013-1270 through 330131272.
The floor drain systems for the diesel generator rooms, battery rooms, and the control
building air handling room, are equipped with backflow devices to prevent both internal and
external flooding from affecting the rooms.
9.3.4
9.3.4.1

CHEMICAL AND VOLUME CONTROL SYSTEM
Design Bases

The following design criteria were used during the licensing of Ginna Station. They represent
the Atomic Industrial Forum version of proposed criteria issued by the AEC for comment on
July 10, 1967. Conformance with 1972 General Design Criteria of 10 CFR 50, Appendix A
(i.e., General Design Criteria 1, 2, 5, 14, 29, 33, 35, 60, and 61), as they relate to the chemical
and volume control system and components is discussed in Section 3.1.2.
9.3.4.1.1

Redundancy of Reactivity Control

CRITERION: Two independent reactivity control systems, preferably of different principles,
shall be provided (AIF-GDC 27).
In addition to the reactivity control achieved by the control rods, reactivity control is provided
by the chemical and volume control system which regulates the concentration of boric acid
solution neutron absorber in the reactor coolant system. The system is designed to prevent,
under anticipated system malfunction, uncontrolled or inadvertent reactivity changes which
might stress the system beyond allowable limits.
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9.3.4.1.2

Reactivity Holddown Capability

CRITERION: The reactivity control systems provided shall be capable of making the core
subcritical under credible accident conditions with appropriate margins for
contingencies and limiting any subsequent return to power such that there will
be no undue risk to the health and safety of the public (AIF-GDC 30).
Normal reactivity shutdown capability is provided by control rods with boric acid injection
used to compensate for the long-term xenon decay transient and for plant cooldown. Any
time that the plant is at power the quantity of boric acid retained in the sources of boric acid
and ready for injection will always exceed that quantity required for normal MODE 5 (Cold
Shutdown) and will also exceed the quantity of boric acid required to bring the reactor to
MODE 3 (Hot Shutdown) and to compensate for subsequent xenon decay.
The boric acid solution is transferred from the boric acid storage tanks by boric acid transfer
pumps to the suction of the charging pumps which inject boric acid into the reactor coolant.
Any charging pump and boric acid transfer pump can be operated from diesel-generator
power on loss of primary electric power. Boric acid injection from the Boric Acid Storage
Tanks (BAST) to the RCS by one charging pump operating at its nominal charging flow rate
of 46 gpm is capable of shutting down the reactor with no rods inserted in approximately 81
minutes.
Sufficient boric acid from the BAST or the RWST can also be injected to compensate for
xenon decay beyond the equilibrium level, with one charging pump operating at its minimum
speed, and thereby delivering in excess of the required minimum flow of approximately 9
gpm into the reactor coolant system. If three charging pumps are available, these time periods
are reduced. Additional boric acid is employed if it is desired to bring the reactor to a cold
shutdown condition.
On the basis of the above, the injection of boric acid is shown to afford backup reactivity
shutdown capability, independent of control rod clusters which normally serve this function
in the short-term situation. Shutdown for long-term and reduced temperature conditions can
be accomplished with boric acid injection using redundant components.
9.3.4.1.3

Reactivity Hot Shutdown Capability

CRITERION: The reactivity control system provided shall be capable of making and holding
the core subcritical from any hot standby or hot operating condition (AIF-GDC
28).
The reactivity control systems provided are capable of making and holding the core
subcritical for any hot operating (MODES 1 and 2) condition, including those resulting from
power changes. The maximum excess reactivity expected for the core occurs for the cold,
clean condition at the beginning of each cycle. The control rods are divided into two
categories comprising a control group and shutdown groups.
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The control group, used in combination with chemical shim (soluble boron) provides control
of the reactivity changes of the core throughout the life of the core at power conditions. This
group of control rods is used to compensate for short-term reactivity changes at power that
might be produced due to variations in reactor power requirements or in coolant temperature.
The chemical shim control is used to compensate for the more slowly occurring changes in
reactivity throughout core life such as those due to fuel depletion and fission product buildup
and decay.
9.3.4.1.4

Reactivity Shutdown Capability

CRITERION: One of the reactivity control systems provided shall be capable of making the
core subcritical under any anticipated operating condition (including anticipated
operational transients) sufficiently fast to prevent exceeding acceptable fuel
damage limits. Shutdown margin should assure subcriticality with the most
reactive control rod fully withdrawn (AIF-GDC 29).
The shutdown groups are provided to supplement the control group of control rods to make
the reactor subcritical with the required shutdown margin following trip from any credible
operating condition to the hot zero-power condition assuming the most reactive rod cluster
control assembly remains in the fully withdrawn position. Manually controlled boric acid
addition is used to supplement the control rods in maintaining the shutdown margin for the
long-term conditions of xenon decay or plant cooldown.
9.3.4.1.5

Codes and Classifications

All pressure-retaining components (or compartments of components) which are exposed to
reactor operating pressure and temperatures at rated power and pressure-retaining
components (or compartments of components) through which reactor coolant circulates at
reduced pressures and temperatures generally comply with the following codes:
A. System pressure vessels - ASME Boiler and Pressure Vessel Code, Section III, Class C,
including paragraph N-2113.
B. System valves and fittings, USAS B16.5; piping, USAS B31.1, including nuclear code
cases.
The regenerative heat exchanger and excess letdown heat exchanger (tube side) are specified
as Class A vessels.
The components of the chemical and volume control system comply with the codes and
standards as discussed in Section 3.2.
9.3.4.2
9.3.4.2.1

System Design and Operation
General

The chemical and volume control system is designed to perform the following functions:
A. To control the reactor coolant inventory, chemistry conditions, activity level, and boron
concentration.
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B. To provide seal-water injection flow to the reactor coolant pumps.
C. To process reactor coolant effluent for reuse of boric acid and makeup water.
Reactor coolant water chemistry specifications are listed in plant procedures. Contaminant
limits are included in the Technical Specifications and the Technical Requirements Manual
(TRM).
In order to perform the above functions of the chemical and volume control system, a
continuous feed-and-bleed is maintained between the reactor coolant system and the
chemical and volume control system.
Water is letdown from the reactor coolant system, through a regenerative heat exchanger to
minimize thermal loss to the reactor coolant system. The pressure is reduced through orifices
and further cooling occurs in a nonregenerative heat exchanger followed by a second pressure
reduction. Water is returned to the reactor coolant system by the charging system, which also
provides seal injection flow to the reactor coolant pumps.
The chemistry of the letdown flow may be altered by passing the flow through demineralizers
that remove ionic impurities. A filter removes solids, and the gases dissolved in the coolant
are removed in the volume control tank. The boric acid concentration in the coolant is
changed by the reactor makeup portion of the chemical and volume control system as
required for reactivity control. Excess coolant may be diverted into the boron recycle portion
of the chemical and volume control system for reprocessing into pure water and concentrated
boric acid. System components that have a design pressure and temperature less than the
reactor coolant system design limits are provided with overpressure protective devices.
System discharges from overpressure protective devices (safety valves) and system leakages
are directed to closed systems. Effluents removed from such closed systems are monitored
and discharged under controlled conditions. The system design enables postoperational
hydrostatic testing to applicable code test pressures. The relief valves will be gagged during
hydrostatic testing. The relief valves in systems that are hydrostatically tested after MODE 6
(Refueling) operations will be set at the system design pressure.
9.3.4.2.2
9.3.4.2.2.1

Letdown and Charging Systems
General

During plant operation, reactor coolant flows through the letdown line from the reactor
coolant loop B crossover leg and is returned to the loop B cold leg or (alternatively) the loop B
hot leg via a charging line. An alternate charging line is provided to the cold leg of loop A.
The charging and letdown systems flow diagrams are provided in Drawings 33013-1264 and
33013-1265.
Each of the connections to the reactor coolant system has an isolation valve located close to
the loop piping. In addition, a check valve is located downstream of the charging line
isolation valve. Reactor coolant entering the chemical and volume control system flows
through the shell side of the regenerative heat exchanger where its temperature is reduced.
The coolant then flows through a letdown orifice which reduces the coolant pressure. The
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cooled, low-pressure water leaves the reactor containment and enters the auxiliary building
where it undergoes a second temperature reduction in the tube side of the nonregenerative
heat exchanger followed by a second pressure reduction by the low-pressure letdown valve.
After passing through one of the mixed-bed demineralizers, where ionic impurities are
removed, coolant flows through the reactor coolant filter and enters the volume control tank
through a spray nozzle.
Hydrogen is automatically supplied, as determined by pressure control, to the vapor space in
the volume control tank, which is predominantly hydrogen and water vapor. The hydrogen
within this tank is, in turn, the supply source to the reactor coolant. Fission gases are
periodically removed from the system by venting the volume control tank prior to a cold or
MODE 6 (Refueling) shutdown.
Next, the coolant flows to the charging pumps, which raise the pressure above that in the
reactor coolant system. The coolant then enters the containment, passes through the tube side
of the regenerative heat exchanger, and is returned to the reactor coolant system.
The cation bed demineralizer, located downstream of the mixed-bed demineralizers, is used
intermittently to control cesium activity in the coolant and also to remove excess lithium
which is formed from Boron-10 (n, ) Lithium-7 reaction.
Letdown flow from the residual heat removal system allows purification of the reactor coolant
during shutdown conditions when the temperature of the reactor coolant is maintained by the
residual heat removal system.
Excess letdown is used to maintain the flow balance between the letdown and charging
systems if the normal letdown path is inoperable, or for additional letdown when necessary.
Excess letdown is taken from the reactor coolant loop A crossover leg and flows to the excess
letdown heat exchanger. The individual components of the letdown and charging systems are
described in Section 9.3.4.3.
9.3.4.2.2.2

Charging Pump Control

The speed of each charging pump can be controlled manually or automatically. During
MODES 1 and 2, two of the three pumps are running with one in automatic and one in manual
control. The automatically operated charging pump speed is modulated in accordance with
pressurizer level. During load changes, the pressurizer level setpoint is varied automatically
to compensate partially for the expansion or contraction of the reactor coolant associated with
the TAVG changes. Charging pump speed does not change rapidly with pressurizer level
variations due to the reset action of the pressurizer level controller.
If the pressurizer level increases, the speed of the pump decreases; likewise, if the level
decreases, the speed increases. If the charging pump on automatic control reaches the highspeed limit, an alarm is actuated. The speed of the second pump is manually regulated. If the
speed of the charging pump on automatic control does not decrease and the second charging
pump is operating at maximum speed, the third charging pump can be started and its speed
manually regulated. If the speed of the charging pump on automatic control decreases to its
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minimum value, an alarm is actuated and the speed of the pumps on manual control is
reduced.
To ensure that the charging pump flow is always sufficient to meet both the seal-water and
minimum charging flow requirements, the pump has a variable control stop that does not
permit pump flow lower than the specified minimum. This control stop is adjustable to
permit higher flow limits to be set if mechanical reactor coolant pump seal leakage increases
during plant life.
Charging flow is indicated on duplicate indicators in the control room on the left and middle
sections of the main control board. Seal injection flow is indicated on a dual indicator in the
control room on the middle section of the main control board beside the charging flow
indicator and in proximity of the charging flow controller. The charging flow indicators are
scaled from 0 to 75 gpm and the seal injection flow indicators are scaled from 0 to 15 gpm.
Total charging pump flow is determined by adding the two indicators. Also, the two flows
are input to the plant process computer system where they are combined to produce total
flow.
9.3.4.2.3

Seal-Water Injection System

A portion of the high-pressure charging flow is injected into the reactor coolant pumps
between the pump impeller and the shaft seal so that the seals are not exposed to high
temperature reactor coolant. Part of the flow is the shaft seal leakage flow and the remainder
enters the reactor coolant system through a labyrinth seal on the pump shaft. The shaft seal
leakage flow passes through the seals, is filtered, cooled in the seal-water heat exchanger, and
returned to the volume control tank. The remaining flow is diverted through the labyrinth
seal, cools the lower radial bearing, and enters the reactor coolant system. Seal water
inleakage to the reactor coolant system requires a continuous letdown of reactor coolant to
maintain the desired inventory.
The seal-water injection system is shown in Drawing 33013-1265, Sheets 1 and 2.
9.3.4.2.4
9.3.4.2.4.1

Reactor Makeup Control System
System Description

The reactor makeup control system is shown in Drawings 33013-1266 and 33013-1269. The
reactor makeup control, operated from the control room, manually preselects makeup
composition to the charging pump suction header or the volume control tank in order to adjust
the reactor coolant boron concentration for reactivity control. Makeup is provided to
maintain the desired operating fluid inventory in the volume control tank. The operator can
stop the makeup operation at any time in any operating mode by remotely closing the makeup
stop valves.
One reactor makeup water pump and one boric acid transfer pump are normally selected for
auto standby. The other two pumps are placed in the pull stop position. Tripping of either
pump during its operation would cause either a reactor makeup water flow deviation alarm or
boric acid flow deviation alarm on the main control board.
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Makeup water to the reactor coolant system is provided by the chemical and volume control
system from the following sources:
a. The reactor makeup water tank, which provides water for dilution when the reactor coolant
boron concentration is to be reduced.
b. The boric acid storage tanks, which supply concentrated boric acid solution when reactor
coolant boron concentration is to be increased.
c. The refueling water storage tank (RWST), which supplies borated water for emergency
makeup.
d. The chemical mixing tank, which is used to inject small quantities of solution when
additions of hydrazine or pH control chemicals are necessary.
e. The monitor tanks, which provide water for dilution when the reactor makeup water tank is
out of service.
Makeup for normal plant leakage is regulated by the reactor makeup control system, which is
set by the operator to blend water from the reactor makeup water tank with concentrated boric
acid to match the reactor coolant boron concentration. Makeup is added automatically if the
volume control tank level falls below a preset point.
Boric acid is dissolved in hot water in the batching tank to the desired concentration. A
transfer pump is used to transfer the batch to the boric acid storage tanks, which are
maintained at a concentration, minimum volume, and minimum solution temperature in
accordance with the Technical Requirements Manual (TRM). Small quantities of boric
acid solution are metered from the discharge of an operating transfer pump for blending with
makeup water as makeup for normal leakage or for increasing the reactor coolant boron
concentration during MODES 1 and 2. Electric immersion heaters maintain the temperature
of the boric acid storage tank solution high enough to prevent precipitation. The lower portion
of the batching tank is jacketed to permit heating of the batching tank solution with lowpressure steam.
The boric acid flow control valve in the line from the boric acid storage tanks to the boric acid
blender provides accurate fluid flow regulation throughout the range from 1 to 10 gpm.
The original Westinghouse reactor water makeup and blender system design did not account
for the volumetric expansion of water in the isolated heat traced piping of the blender
subsystem. During dilution evolutions, reactor makeup water is introduced into the blender.
The reactor water makeup system water is not heated and therefore, during normal operation,
this water can be as cold as 60F. After the dilution evolution, the heat traced blender piping
is isolated by a combination of AOVs and check valves. This isolated blender piping is then
heated by three different heat trace systems. Since there is no room for the expansion of the
heated water, a bellows style accumulator has been added to the reactor makeup water system
to allow for the expansion of the heated water from the isolated heat traced piping connected
to the blender piping assembly. An enlarged section of pipe has also been added to the system
to prevent any nitrogen intrusion into the charging system in the event of accumulator failure.
The various modes of operation of the reactor makeup control system are described below.
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9.3.4.2.4.2

Automatic Makeup

The automatic makeup mode of operation of the reactor makeup control provides boric acid
solution preset to match the boron concentration in the reactor coolant system. The automatic
makeup compensates for minor leakage of reactor coolant without causing significant
changes in the coolant boron concentration.
Under normal plant operating conditions, the mode selector switch and makeup stop valves
are set in the automatic makeup position. A preset low-level signal from the volume control
tank level controller causes the automatic makeup control action to open the makeup stop
valve to the charging pump suction, the concentrated boric acid control valve, and the reactor
makeup water control valve. The flow controllers then blend the makeup stream according to
the preset concentration. Makeup addition to the charging pump suction header causes the
water level in the volume control tank to rise. At a preset high-level point, the makeup is
stopped; the reactor makeup water control valve closes, the concentrated boric acid control
valve closes, and the makeup stop valve to charging pump suction closes.
9.3.4.2.4.3

Dilution

The dilute mode of operation permits the addition of a preselected quantity of reactor makeup
water at a preselected flow rate to the reactor coolant system. The operator places the makeup
system control switch in the stopped position and verifies the makeup stop valves to the volume
control tank (AOV-110C) and to the charging pump suction (AOV-110B) are closed.
The reactor makeup water controller setpoint is adjusted to the proper flowrate, and the
reactor makeup water batch integrator is set to the proper quantity. Then the makeup system
mode selector switch is placed to the dilute position. When the makeup system control switch
is placed in the armed position, the selected reactor makeup pump starts, the reactor makeup
water control valve (AOV-111) opens to the preselected position and the makeup stop valve
to the volume control tank inlet (AOV-110C) is opened. If the dilution flow deviates +/-5
gpm from the preselected flow rate, an alarm will annunciate on the main control board. The
reactor makeup is added in the volume control tank and then goes to the charging pump
suction header. Excessive rise of the volume control tank water level is prevented by
automatic actuation (by the tank level controller) of a three-way diversion valve, which
routes the reactor coolant letdown flow to the holdup tanks. When the preset quantity of
reactor makeup water has been added, the batch integrator causes the reactor makeup water
control valve and the makeup water stop valve to the volume control tank inlet header to
close, and the makeup water pump stops. The operator then realigns the system as desired.
9.3.4.2.4.4

Boration

The borate mode of operation permits the addition of a preselected quantity of concentrated
boric acid solution at a preselected flow rate to the reactor coolant system. The operator sets
the makeup stop valves to the volume control tank and to the charging pump suction in the
closed position, the mode selector switch to borate, the concentrated boric acid flow
controller setpoint to the desired flow rate, and the concentrated boric acid batch integrator to
the desired quantity. Opening the makeup stop valve to the charging pump suction permits
the concentrated boric acid to be added to the charging pump suction header. The total
quantity added in most cases is so small that it has only a minor effect on the volume control
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tank level. When the preset quantity of concentrated boric acid solution has been added, the
batch integrator causes the concentrated boric acid control valve to close.
The normal capability to add boron to the reactor coolant is sufficient so that no limitation is
imposed on the rate of cooldown of the reactor upon shutdown. The maximum rates of
boration and the equivalent coolant cooldown rates are given in Table 9.3-6. One set of
values is given for the addition of boric acid from a boric acid storage tank with one boric
acid transfer pump and one charging pump operating. The other set assumes the use of
refueling water but with two of the three charging pumps operating. The rates are based on
full operating temperature and on the end of the core life when the moderator temperature
coefficient is most negative.
9.3.4.2.5
9.3.4.2.5.1

Boron Recycle System
System Description

The boron recycle system is designed to reduce the amount of liquid waste produced by plant
operations by recycling the discharge from the reactor coolant system. The boron recycle
system is shown in Drawings 33013-1266 and 33013-1268.
During plant startup, MODES 1 and 2, load reductions, and shutdowns, liquid effluents
containing boric acid flow from the reactor coolant system through the letdown line and are
collected in the holdup tanks. As liquid enters the holdup tanks, the cover gas is displaced to
the gas decay tanks in the waste disposal system through the waste vent header. The
concentration of boric acid in the holdup tanks varies throughout core life from the refueling
concentration to the boron concentration at which the deborating demineralizers are used. A
recirculation pump is provided to transfer liquid from one holdup tank to another.
Liquid effluent in the holdup tanks is processed as a batch operation. This liquid is pumped
through the base removal ion exchanger and cation ion exchanger which primarily remove
lithium hydroxide and long-lived cesium. It then flows through the ion exchanger filter and
into the gas stripper where dissolved gases are removed from the liquid. Effluent from the
gas stripper enters the boric acid evaporator where dilute boric acid solution is concentrated
to a selected weight percent boric acid solution.
The condensate leaves the condenser and is pumped through a distillate cooler before entering
one of the two evaporator condensate demineralizers where evaporator boron carryover is
removed. Condensate then flows through the condensate filter and accumulates in a monitor
tank.
Subsequent handling of the condensate is dependent on the results of sample analysis.
Discharge from the monitor tanks may be pumped to the reactor makeup water storage tank,
aligned to the suction of the reactor makeup water pumps (when the reactor makeup water
tank is out of service), recycled through the evaporator condensate demineralizers, returned to
the waste holdup tanks for reprocessing or discharged to the environment with the condenser
circulating water within the allowable activity concentration. If the sample analysis of the
monitor tank contents indicates that it may be discharged safely to the environment, two
valves must be opened to provide a discharge path. There is only one discharge path from the

Page 121 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

plant. As the effluent leaves, it is continuously monitored. If an unexpected increase in
radioactivity is sensed, one of the discharge valves closes automatically and an alarm sounds
in the control room.
Boric acid evaporator bottoms are discharged through a concentrates filter to the concentrates
holding tank. Solution collected in the concentrates holding tank is sampled and then
transferred to the boric acid storage tanks if analysis indicates that it meets specifications.
Otherwise the solution is pumped to the holdup tanks for reprocessing by the evaporator train.
The concentrated solution can also be pumped from the evaporator to containers. These
containers can then be stored at the plant site for ultimate shipment offsite for disposal.
The deborating demineralizers are used intermittently to remove boron from the reactor
coolant near the end of the core life. When the deborating demineralizers are in operation,
the letdown stream passes from the mixed-bed demineralizers, through the deborating
demineralizers, and into the volume control tank after passing through the reactor coolant
filter.
9.3.4.2.5.2

Alarm Functions

The reactor makeup control is provided with alarm functions to call the operator’s attention to
the following conditions:
a. Deviation of reactor makeup water flow rate from the control setpoint.
b. Deviation of concentrated boric acid flow rate from the control setpoint.
c. Low level (makeup initiation point) in the volume control tank when the reactor makeup
control selector is not set for the automatic makeup control mode.
9.3.4.2.6

Heat Tracing System

Electrical heat tracing is installed under the insulation on all piping, valves, line-mounted
instrumentation, and components normally containing concentrated boric acid solution,
including those lines beyond shut-off valves which would contain stagnant concentrated
solution following closure. The heat tracing is designed to prevent boric acid precipitation
due to cooling, by compensating for heat loss. There are two trains of heaters. Each is
capable of heating components, piping, and valves above the minimum required solution
temperature.
One train is normally used with the second train used as a backup in case of failure.
Locations in which heat tracing is not used are as follows:
A. Lines that may transport concentrated boric acid but are subsequently flushed with reactor
coolant or other liquid of low boric acid concentration during MODES 1 and 2.
B. The boric acid storage tanks, which are provided with immersion heaters.
C. The batching tank, which is provided with a steam jacket.
D. The concentrates holding tank, which is provided with an immersion heater.
Duplicate tracing on sections of the chemical and volume control system normally containing
boric acid solution provides standby capacity if the operating tracing malfunctions.
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The heat tracing system is capable of maintaining the piping contents above the minimum
solution temperature corresponding to the boron concentration ranges specified in the
Technical Requirements Manual (TRM). An internal upper limit of approximately 200F is
currently established, but authorization for temperatures up to 250F has been given for
specific analyzed piping. The heat tracing system will be supplied with power from the
emergency diesel generators following a loss of offsite power. The heat trace system is
required to be operational during normal power, startup, and transient conditions.
Temperature detectors, alarm and control functions, and electrical power requirements for
the heat tracing are not shown on the process flow diagram.
9.3.4.3

Component Description

Tables 9.3-6 and 9.3-7 list the system performance requirements and data for individual
system components.
9.3.4.3.1
9.3.4.3.1.1

Letdown and Charging Systems
Regenerative Heat Exchanger

The regenerative heat exchanger is designed to recover the heat from the letdown stream by
reheating the charging stream during MODES 1 and 2. This exchanger also limits the
temperature rise which occurs at the letdown orifices during periods when letdown flow
exceeds charging flow by a greater margin than at normal letdown conditions.
The letdown stream flows through the shell of the regenerative heat exchanger and the
charging stream flows through the tubes. The unit is made of austenitic stainless steel, and is
of all-welded construction. The exchanger is designed to withstand 2000 step changes in
shell side fluid temperature from 100F to 560F during the design life of the unit.
9.3.4.3.1.2

Letdown Orifices

One of the three letdown orifices controls the flow of the letdown stream during MODES 1
and 2 and reduces the pressure to a value compatible with the nonregenerative heat exchanger
design. Two of the letdown orifices are designed to pass normal letdown flow. The other
orifice is used to attain maximum purification flow at normal reactor coolant system
operating pressure. The orifices are placed in service by remote manual operation of their
respective isolation valves. One or both of the standby orifices may be used in parallel with
the normally operating orifice in order to increase letdown flow when the reactor coolant
system pressure is below normal. This arrangement provides a full standby capacity for
control of letdown flow. Each orifice consists of bored pipe made of austenitic stainless
steel.
9.3.4.3.1.3

Nonregenerative Heat Exchanger

The nonregenerative heat exchanger cools the letdown stream to the operating temperature of
the mixed-bed demineralizers. Reactor coolant flows through the tube side of the exchanger
while component cooling water flows through the shell. The letdown stream outlet
temperature is automatically controlled by a temperature control valve in the component
cooling water outlet stream. The unit is a multiple-tube-pass heat exchanger. All surfaces in
contact with the reactor coolant are austenitic stainless steel, and the shell is carbon steel.
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9.3.4.3.1.4

Mixed-Bed Demineralizers

Two flushable mixed-bed demineralizers maintain reactor coolant purity. Each demineralizer
is charged with anion and cation resin. The resin removes fission and corrosion products, along
with other ionic impurities. The resin bed is designed to reduce the concentration of these
impurities in the purification stream by a minimum factor of 10.
Each demineralizer is sized to accommodate the maximum letdown flow. One demineralizer
serves as a standby unit for use if the operating demineralizer becomes exhausted during
operation.
The demineralizer vessels are made of austenitic stainless steel, and are provided with
suitable connections to facilitate resin replacement when required. The vessels are equipped
with a resin retention screen. Each demineralizer has sufficient capacity to enable MODE 6
(Refueling) after operation for one core cycle with 1% of the fuel rods containing pinholes or
fine cracks.
9.3.4.3.1.5

Cation Bed Demineralizer

The original cation demineralizer has a broken retention screen and is no longer used. The
"A" letdown deborating demineralizer is being used as the cation demineralizer. It is a
flushable resin bed in the hydrogen form and is located downstream of the mixed bed
demineralizers and is used to control the concentrations of Lithium-7 which build up in the
coolant from the Boron-10 (n, ) Lithium-7 reaction. The demineralizer also has the
capacity to maintain the Cesium-137 concentration in the coolant below 1.0 Ci/cm3 with
1% defective fuel. The demineralizer would be used intermittently to control cesium.
The demineralizer is made of austenitic stainless steel and is provided with suitable
connections to facilitate resin replacement when required. The vessel is equipped with a
resin retention screen.
9.3.4.3.1.6

Deborating Demineralizers

When required, two anion demineralizers remove boric acid from the reactor coolant system
fluid. The demineralizers normally are used only near the end of the core cycle. Hydroxyl
based ion-exchange resin is used to reduce reactor coolant system boron concentration by
releasing a hydroxyl ion when a borate ion is absorbed. The spent resin is flushed to the
spent resin storage tank.
9.3.4.3.1.7

Resin Fill Tank

The resin fill tank is used to charge fresh resin to the demineralizers. The line from the
conical bottom of the tank is fitted with a dump valve and may be connected to any one of
the demineralizer fill lines. The demineralizer water and resin slurry can be sluiced into the
demineralizer by opening the dump valve. The tank, designed to hold approximately twothirds of the resin volume of one mixed-bed demineralizer, is made of austenitic stainless
steel.
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9.3.4.3.1.8

Reactor Coolant Filter

Two filters collect resin fines and particulates from the letdown stream. A coarse filter
(approximately 20 micron) can be operated by itself or in parallel with a fine filter
(submicron up to approximately 20 micron). The coarse filter serves as a relief path when the
fine filter is in operation to protect against pressure and flow transients that may occur if the
fine filter fouls. Each vessel is made of austenitic stainless steel, and is provided with
connections for draining and venting. Design flow capacity of each filter is equal to the
maximum purification flow rate. However, the fine filter is aligned in parallel with the coarse
filter for fouling protection. The filters are equipped with an external bypass line which
allows for continuous letdown flow while the filter cartridge is being replaced.
9.3.4.3.1.9

Volume Control Tank

The volume control tank (VCT) collects the excess water released during ascension from zero
to full power that is not accommodated by the pressurizer. It also receives the excess coolant
release caused by the deadband in the reactor control temperature instrumentation.
Overpressure of hydrogen gas is maintained in the volume control tank to control the
hydrogen concentration in the reactor coolant at the recommended levels of EPRI TR105714, “PWR Primary Water Chemistry Guidelines.”
A spray nozzle is located inside the tank on the inlet line from the filter. This spray nozzle
provides intimate contact to equilibrate the gas and liquid phases. A remotely operated vent
valve permits removal of gaseous fission products which collect in this tank. The volume
control tank also acts as a head tank for the charging pumps and a reservoir for the leakage
from the reactor coolant pump controlled leakage seal. Two level transmitters have been
installed on the VCT to control the operation of the:
•

Holdup diversion

•

VCT isolation on low-low level

•

automatic makeup valves

VCT isolation also occurs on a high-high temperature in the VCT as sensed by two
temperature elements. Charging pump suction swaps over to the refueling water storage tank
(RWST) on either a low-low level or high-high temperature in the VCT.
The tank is constructed of austenitic stainless steel.
9.3.4.3.1.10

Charging Pumps

Three charging pumps inject coolant into the reactor coolant system. The pumps are the
variable speed positive displacement type, and all parts in contact with the reactor coolant are
fabricated of austenitic stainless steel or other material of adequate corrosion resistance.
Special low chloride content packing is used in the pump glands. These pumps have stuffing
boxes with leakoffs to collect reactor coolant. A closed system for reclaiming the packing
leakoff has been installed to reduce the release of fission gases from the chemical and volume
control system and the amount of high activity water going into the liquid waste system. The
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pump design prevents lubricating oil from contaminating the charging flow, and the integral
discharge valves act as check valves.
Each pump is designed to provide the full charging line flow and the reactor coolant pump
seal-water supply during normal seal leakage. Each pump is designed to provide rated flow
against a pressure equal to the sum of the reactor coolant system normal maximum pressure
(existing when the Pressurizer Power Operated Relief Valve (PORV) is operating) and the
piping, valve, and equipment pressure losses at the design charging pump flow with two
pumps in operation.
9.3.4.3.1.11

Charging Pump Leakoff Tank

The pump packing gland leakoff goes to a charging pump leakoff tank. The leakoff tank has
two pumps with local controls which pump at 3 gpm to the holdup tanks.
9.3.4.3.1.12

Charging Pump Dampener

The charging pump pulse dampener is a device meant to eliminate pulsations in discharge
pressure from the pump. The dampener is 9 ft long and 2 ft in diameter with a divider plate
and a pipe through the plate. Charging flows into the tank through the center pipe and out one
of the two outlets.
9.3.4.3.1.13

Excess Letdown Heat Exchanger

The excess letdown heat exchanger cools reactor coolant letdown by an amount equal to the
nominal injection rate through the reactor coolant pump labyrinth seal, if letdown through the
regenerative heat exchanger is blocked. The unit is designed to reduce the letdown stream
temperature from the cold-leg temperature to 195F. The letdown stream flows through the
tube side and component cooling water is circulated through the shell side. All surfaces in
contact with reactor coolant are austenitic stainless steel and the shell is carbon steel. All tube
joints are welded. The unit is designed to withstand 12,000 step changes in the tube fluid
temperature from 80F to the cold-leg temperature.
9.3.4.3.2
9.3.4.3.2.1

Seal-Water Injection System
Seal-Water Heat Exchanger

The seal-water heat exchanger removes heat from two sources: reactor coolant pump sealwater returning to the volume control tank and reactor coolant discharge from the excess
letdown heat exchanger. Reactor coolant flows through the tubes and component cooling
water is circulated through the shell side. The tubes are welded to the tubesheet because
leakage could occur in either direction, resulting in undesirable contamination of the reactor
coolant or component cooling water. All surfaces in contact with reactor coolant are
austenitic stainless steel and the shell is carbon steel.
The unit is designed to cool the excess letdown flow and the seal water flow to the
temperature normally maintained in the volume control tank if all the reactor coolant pumps
controlled leakage seals are leaking at the maximum design leakage rate.
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9.3.4.3.2.2

Seal-Water Filter

The filter collects particulates larger than 25 microns from the reactor coolant pump sealwater return and from the excess letdown heat exchanger flow. The filter is designed to pass
the sum of the excess letdown flow and the maximum design leakage from the reactor coolant
pump seals. The vessel is constructed of austenitic stainless steel and is provided with
connections for draining and venting. Disposable synthetic filter elements are used.
9.3.4.3.2.3

Seal-Water Injection Filters

Two filters are provided in parallel, each sized for the injection flow. They collect
particulates larger than 5 microns from the water supplied to the reactor coolant pump seal.
9.3.4.3.3
9.3.4.3.3.1

Reactor Makeup Control System
Boric Acid Filter

The boric acid filter collects particulates larger than 25 microns from the boric acid solution
being pumped to the charging pump suction line. The filter is designed to pass the design
flow of two boric acid transfer pumps operating simultaneously. The vessel is constructed of
austenitic stainless steel and the filter elements are disposable synthetic cartridges. Provisions
are available for venting and draining the filter.
9.3.4.3.3.2

Boric Acid Storage Tanks

The boric acid storage tank capacity is sized to store sufficient boric acid solution for MODE
6 (Refueling) plus enough boric acid solution for a MODE 5 (Cold Shutdown) shortly after
full power operation is achieved. In addition, sufficient boric acid solution is available for
MODE 5 (Cold Shutdown) if the most reactive control rod is not inserted. The boric acid
storage tanks are also discussed in Sections 6.3.2.2.5 and 6.3.6.4.
The concentration of boric acid solution in storage is maintained at a concentration, minimum
volume, and minimum solution temperature in accordance with the Technical Requirements
Manual (TRM). Periodic manual sampling and corrective action is provided, if necessary, to
ensure that these limits are maintained. As a consequence, measured amounts of boric acid
solution can be delivered to the reactor coolant to control the chemical poison concentration.
The combination overflow and breather vent connection has a water loop seal to minimize
vapor discharge during storage of the solution. The tank is constructed of austenitic stainless
steel.
Redundant tank heaters and line heat tracing are provided to ensure that the solution will be
stored at a temperature that is above the solubility limit for the range of concentrations
allowed by the Technical Requirements Manual (TRM). The heating elements are located
near the bottom of the tank.
Low concentration boric acid from either boric acid storage tank can be transferred to the
boric acid batching tank where the concentration can be increased through piping connections
between the discharge lines of the two boric acid transfer pumps and the inlet to the boric acid
batching tank.
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9.3.4.3.3.3

Batching Tank

The batching tank is sized to hold a 1-week makeup supply of boric acid solution for the boric
acid storage tank. The basis for makeup is reactor coolant leakage of 0.50 gpm at beginning
of core life. The tank may also be used for solution storage. A local sampling point is
provided for verifying the solution concentration prior to transferring it to the boric acid
storage tank or for draining the tank. The tank manway is provided with a removable screen
to prevent entry of foreign particles. In addition, the tank is provided with an agitator to
improve mixing during batching operations. The tank is constructed of austenitic stainless
steel and is not used to handle radioactive substances. The tank is provided with a steam
jacket for heating the boric acid solution to 165F.
9.3.4.3.3.4

Boric Acid Tank Heaters

Two 100% capacity electric immersion heaters in each boric acid storage tank are capable of
maintaining the temperature of the boric acid solution at 165F with an ambient air
temperature of 40F. The concentration, minimum volume, and minimum solution
temperature are maintained in accordance with the Technical Requirements Manual (TRM).
The heaters are sheathed in austenitic stainless steel.
9.3.4.3.3.5

Boric Acid Transfer Pumps

Two 100% capacity canned centrifugal pumps are used to circulate or transfer chemical
solutions. The pumps circulate boric acid solution through the boric acid storage tanks and
inject boric acid into the charging pump suction header. The design capacity of each pump is
equal to the normal letdown flow rate (40 gpm). The design head is sufficient, with one
pump out of operation to permit maintenance and considering line and valve losses, to
deliver rated flow to the charging pump suction header when volume control tank pressure is
at the maximum operating value (relief valve setting). All parts in contact with the solutions
are austenitic stainless steel or other adequately corrosion resistant material.
The transfer pumps are operated either automatically or manually from the main control room
or from a local control center. The reactor makeup control operates one of the pumps
automatically when boric acid solution is required for makeup or boration. Instrumentation is
provided to allow boric acid transfer pump discharge pressure to be monitored in the control
room.
9.3.4.3.3.6

Boric Acid Blender

The boric acid blender promotes thorough mixing of boric acid solution and reactor makeup
water from the reactor coolant makeup circuit. The blender consists of a conventional pipe
fitted with a perforated tube insert. All material is austenitic stainless steel. The blender
decreases the pipe length required to homogenize the mixture for taking a representative local
sample.
9.3.4.3.3.7

Chemical Mixing Tank

The primary use of the chemical mixing tank is in the preparation of caustic solutions for pH
control and hydrazine for oxygen scavenging.
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The capacity of the chemical mixing tank is determined by the quantity of 35% hydrazine
solution necessary to increase the concentration in the reactor coolant by 10 ppm. This
capacity is more than sufficient to prepare solution of pH control chemical for the reactor
coolant system.
The chemical mixing tank is made of austenitic stainless steel.
9.3.4.3.3.8

Heat Tracing

The heat tracing system is described in Section 9.3.4.2.6.
9.3.4.3.3.9

Reactor Makeup Water Pumps

Two reactor makeup water pumps take suction from either the monitor tanks or the reactor
makeup water tank. These pumps are used to feed dilution water to the boric acid blender and
are also used to supply makeup water for intermittent flushing of equipment and piping.
Each pump is sized to match the maximum letdown flow (60 gpm). One pump serves as a
standby for the other. These centrifugal pumps are constructed of austenitic stainless steel.
9.3.4.3.3.10

Reactor Makeup Water Tank

The reactor makeup water tank is used to store makeup water which is supplied from the
monitor tanks and the GE Betz water treatment plant. Makeup water from the tank
discharges to the suction of the reactor makeup water pumps. The tank is plastic-lined
carbon steel.
9.3.4.3.4
9.3.4.3.4.1

Boron Recycle System
Holdup Tanks

Three holdup tanks (Drawing 33013-1267) contain radioactive liquid which enters the tank
from the letdown line. The liquid is released from the reactor coolant system during startups,
shutdowns, and load changes, and from boron dilution to compensate for burnup. The
contents of one tank are normally being processed by the gas stripper and evaporator train
while another tank is being filled. The third tank is normally kept empty to provide
additional storage capacity when needed.
The total liquid storage sizing basis for the holdup tanks is given in Table 9.3-7. Nitrogen
cover gas is supplied to the tanks at a rate sufficient to prevent vacuum formation at the
design pumping rate of 60 gpm. The three tanks hold two reactor coolant system volumes.
The tanks are constructed of austenitic stainless steel.
Seismic qualification for the holdup tanks is listed in Table 3.2-1.
9.3.4.3.4.2

Holdup Tank Recirculation Pump

The recirculation pump is used to mix the contents of a holdup tank or transfer the contents of
a holdup tank to another holdup tank. The wetted surface of this pump is constructed of
austenitic stainless steel.
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9.3.4.3.4.3

Gas Stripper Feed Pumps

The two gas stripper feed pumps supply feed to the gas stripper boric acid evaporator train
from a holdup tank. The capacity of each pump is equal to the gas stripper-evaporator
capacity. One pump is a standby and is available for operation in the event the operating
pump malfunctions. These canned centrifugal pumps are constructed of austenitic stainless
steel.
9.3.4.3.4.4

Base Removal Ion Exchanger

Two base removal flushable demineralizers remove anions from the holdup tank effluent.
The resin is initially in the hydrogen form. The design flow rate is equal to the gas stripper
boric acid evaporator processing rate. The demineralizer vessel is constructed of austenitic
stainless steel and contains a resin retention screen.
9.3.4.3.4.5

Cation Ion Exchanger

Two cation flushable demineralizers remove cations (primarily cesium) from the holdup tank
effluent. The resin is initially in the hydrogen form. The design flow rate is equal to the gas
stripper boric acid evaporator processing rate. The demineralizer vessels are constructed of
austenitic stainless steel and contain a resin retention screen.
9.3.4.3.4.6

Ion Exchanger Filter

The filter collects resin fines and particulates larger than 25 microns from the cation ion
exchanger. The vessel is made of austenitic stainless steel, and is provided with connections
for draining and venting. Disposable synthetic filter elements are used. The design flow
capacity is equal to the boric acid evaporator flow rate.
9.3.4.3.4.7

Gas Stripper Equipment

The gas stripper removes nitrogen, hydrogen, and fission gases from the holdup tank feed
using steam. The gas stripper equipment consists of a preheater, stripping column with a
reflux condenser and associated pumps, piping, and instrumentation.
The gas stripper preheater located upstream of the gas stripper heats the liquid effluent from
the holdup tanks from ambient temperature, at the evaporator train processing rate, to
approximately 205F using the gas stripper bottoms which are cooled in the preheater from
approximately 220F to 120F. The preheater is a regenerative type shell and tube unit
constructed of austenitic stainless steel.
The gas stripper consists of a hotwell to store stripped water, a stripping section packed with
pall rings, a spray type liquid inlet header, and an overhead integral reflux condenser. Liquid
flowing to the gas stripper is controlled to constant rate by a flow controller. The gas stripper
is designed for the same flow rate as the evaporator and is designed to reduce the influent gas
concentration by a factor of 105.
Two gas stripper bottom pumps, operated from level control, transfer effluent from the gas
stripper hotwell to the boric acid evaporator via the gas stripper preheater. Each centrifugal
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pump is rated at the evaporator processing rate. The pumps are austenitic stainless steel and
one is an installed standby for the operating pump.
9.3.4.3.4.8

Boric Acid Evaporator Equipment

The boric acid evaporator concentrates boric acid for reuse in the reactor coolant system.
Borated water enters the evaporator and the liquid is concentrated to the selected weight
percent boric acid. Vapors leave the evaporator and are condensed. The solids
decontamination factor between the condensate and the bottoms is approximately 106. All
evaporator equipment is constructed of austenitic stainless steel and is supplied as a unit. The
boric acid evaporator equipment consists of the boric acid evaporator concentrates pumps,
boric acid evaporator, boric acid evaporator condenser, boric acid evaporator condensate
pumps, boric acid evaporator condensate cooler, air ejector system, and associated piping and
instrumentation.
The boric acid evaporator feed tank has sufficient capacity to hold a 1-day production of boric
acid solution produced from MODE 6 (Refueling) concentration feed. The evaporator and
condenser heat transfer area is sufficient to maintain the required feed rate. The evaporator is
steam heated. Component cooling water flows through the tube of the condenser.
The boric acid distillate cooler reduces the temperature of the condensate to approximately
100F. The condensate flows through the shell and component cooling water flows through
the tubes.
9.3.4.3.4.9

Evaporator Condensate Demineralizers

Two anion demineralizers remove any boric acid contained in the evaporator condensate.
Hydroxyl based ion-exchange resin is used to produce evaporator condensate of high purity
by releasing a hydroxyl ion when a borate ion is adsorbed. When resin is exhausted, the
spent resin is flushed to the spent resin storage tank. The resin volume in each demineralizer
is selected to keep resin replacements to an average of once per core cycle. The
demineralizers are sized for a flow rate equal to the evaporator flow rate.
9.3.4.3.4.10

Condensate Filter

The filter collects resin fines and particulates larger than 25 microns from the boric acid
evaporator condensate stream. The vessel is made of austenitic stainless steel, and is
provided with a connection for draining and venting. Disposable synthetic filter elements
are used.
The design flow capacity of the filter is equal to the boric acid evaporator flow rate.
9.3.4.3.4.11

Concentrates Filter

A disposable synthetic cartridge type filter removes particulates larger than 25 microns from
the evaporator concentrates. Design flow capacity of the filter is equal to the boric acid
evaporator concentrates transfer pump capacity. The vessel is made of austenitic stainless
steel.
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9.3.4.3.4.12

Concentrates Holding Tank

The concentrates holding tank is sized to hold approximately the concentrates produced
during 1 day of evaporator operation. The tank is supplied with an electrical heater which
prevents boric acid precipitation. It is constructed of austenitic stainless steel.
9.3.4.3.4.13

Concentrates Holding Tank Transfer Pumps

Two holding tank transfer pumps discharge boric acid solution from the concentrates holding
tank to the boric acid storage tanks. The canned centrifugal pumps are sized to empty the
concentrates holding tank in 30 minutes. The wetted surfaces are constructed of austenitic
stainless steel.
9.3.4.3.4.14

Monitor Tanks

The original design was that two monitor tanks permit continuous operation of the evaporator
train. When one tank is filled, the contents are analyzed and either reprocessed, discharged to
the circulating water discharge, or recycled to the reactor makeup water tank. Each tank is
sized to hold the condensate produced during 10 hr of operation from all evaporators at full
output to ensure a maximum of two lab analyses per day. These tanks contain a diaphragm
membrane and are stainless steel lined.
When the waste evaporator was decommissioned, a new demineralizer waste treatment
system was installed. Since installation of this system, the A monitor tank is used for the
waste demineralizer effluent. This effluent would be recirculated, sampled and released. To
prevent cross contamination, only the B monitor tank is used for the evaporator output.
9.3.4.3.4.15

Monitor Tank Pump

One monitor tank pump discharges water from the monitor tanks. The pump is sized to
empty a monitor tank in 2.0 hours. To protect the monitor tank pump, a low-level monitor
tank cutout control is provided on the pump. The pump is constructed of austenitic stainless
steel.
9.3.4.3.5

Valves

Some valves that perform a modulating function are equipped with two sets of packing and an
intermediate leakoff connection that discharges to the waste disposal system. All other valves
have stem leakage control. Globe valves are installed with flow over the seats when such an
arrangement reduces the possibility of leakage. Basic material of construction is stainless
steel for all valves except the batching tank steam jacket valves which are carbon steel.
Isolation valves are provided at all connections to the reactor coolant system. Lines entering
the reactor containment also have check valves inside the containment to prevent reverse flow
from the containment.
Relief valves are provided for lines and components that might be pressurized above design
pressure by improper operation or component malfunction. Pressure relief for the tube side of
the regenerative heat exchanger is provided by the charging line isolation valve which is
designed to open when pressure under the seat exceeds reactor coolant pressure by 250 psi.
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All relief valves used in systems handling radioactive fluids are of the closed bonnet design
and are constructed of stainless steel.
9.3.4.3.6

Piping

All chemical and volume control system piping handling radioactive liquid is austenitic
stainless steel. All piping joints and connections are welded, except where flanged
connections are required to facilitate equipment removal for maintenance and hydrostatic
testing. Piping, valves, equipment, and line-mounted instrumentation, which normally contain
concentrated boric acid solution, are heated by electrical tracing to ensure solubility of the
boric acid.
9.3.4.4
9.3.4.4.1

System Evaluation
Availability and Reliability

A high degree of functional reliability is ensured in this system by providing standby
components where performance is vital to safety and by ensuring fail-safe response to the
most probable mode of failure. Special provisions include duplicate heat tracing with alarm
protection of lines, valves, and components normally containing concentrated boric acid.
The system has three high-pressure charging pumps, each capable of supplying the normal
reactor coolant pump seal and makeup flows.
The electrical equipment of the chemical and volume control system is arranged so that
multiple items receive power from two 480-V buses (see Drawing 33013-0652). Two of the
charging pumps and one of the boric acid transfer pumps are powered from one 480-V
safeguards bus and the remaining charging pump and boric acid transfer pump, are powered
from the other 480-V safeguards bus. One charging pump and one boric acid transfer pump
are capable of meeting MODE 5 (Cold Shutdown) requirements shortly after full power
operation. One charging pump taking suction from the refueling water storage tank (RWST)
is capable of meeting MODE 5 (Cold Shutdown) requirements following cooldown from
MODE 3 (Hot Shutdown) conditions. In case of a loss of offsite power, a charging pump and
a boric acid transfer pump can be placed on the emergency diesels, if necessary.
The dc feed for the charging pump 1A control circuits comes from a common dc bus in bus
14 switchgear. A fire in the control complex, cable tunnel, or auxiliary building basement and
mezzanine could damage the control circuits for charging pump 1A. Therefore, as part of the
alternative shutdown system, a transfer switch is available to transfer the dc feed to an
alternative source of dc power. See Section 7.4.4. The transfer is a manual operation.
The power feed for charging pump 1B from bus 16 to the charging pump motor could fail due
to direct impingement from a high-energy heating or process line break in the auxiliary building
basement. A spare cable is stored in an area outside the auxiliary building.
It is estimated that the auxiliary building could be restored to ambient conditions and the
spare cable installed in less than 8 hr, which would precede the need for the charging pump.
(See Section 3.6.2.5.1.8.)
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9.3.4.4.2

Seismic Analysis

The majority of the chemical and volume control system piping, as shown in Drawings
33013-1264 through 33013-1269 as well as certain components of the auxiliary and
emergency systems such as pumps, heat exchangers, tanks, and valves are designated as
Seismic Category I. The seismic analysis methods and criteria are presented in Section
3.9.2.
9.3.4.4.3

Leakage Prevention

Quality control of the material and the installation of the chemical and volume control valves
and piping, which are designated for radioactive service, is provided in order to essentially
eliminate leakage to the atmosphere. The components designated for radioactive service are
provided with welded connections to prevent leakage to the atmosphere. However, flanged
connections are provided on each charging pump suction and discharge, on each boric acid
transfer pump suction and discharge, on the relief valves inlet and outlet, on three-way valves,
and on the flow meters to permit removal for maintenance.
The positive displacement charging pumps stuffing boxes are provided with leakoffs to
collect reactor coolant before it can leak to the atmosphere. All valves, which are larger than
2 in. and which are designated for radioactive service at an operating fluid temperature above
212F, are provided with a stuffing box and lantern leakoff connections. Leakage to the
atmosphere is essentially zero for these valves. All control valves are either provided with
stuffing box and leakoff connections or are totally enclosed. Leakage to the atmosphere is
essentially zero for these valves.
Diaphragm valves are provided where the operating pressure and the operating temperature
permit the use of these valves. Leakage to the atmosphere is essentially zero for these valves.
9.3.4.4.4

Incident Control

The letdown line and the reactor coolant pump seal-water return line penetrate the reactor
containment. The letdown line contains three air-operated orifice valves inside the reactor
containment (AOV 200A, 200B and 202) and one air-operated valve outside the reactor
containment (AOV-371), which are automatically closed by the containment isolation signal.
The reactor coolant pumps seal-water return line contains no containment isolation valves
inside containment and one motor-operated isolation valve outside the reactor containment,
which is automatically closed by the containment isolation signal. The line is a 3-in. line and
terminates in the volume control tank, which has design pressure higher than containment
accident pressure (see Section 6.2.4.4).
The two seal-water injection lines to the reactor coolant pumps, the normal charging line, and
the alternate charging line are inflow lines penetrating the reactor containment. Each line
contains multiple check valves inside the reactor containment to provide containment
isolation in the event of a pipe break.
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9.3.4.4.5
9.3.4.4.5.1

Malfunction Analysis
System Failures

To evaluate system safety, failures or malfunctions were assumed concurrent with a loss-ofcoolant accident and the consequences analyzed and presented in Table 9.3-8. As a result of
this evaluation, it is concluded that proper consideration has been given to station safety in the
design of the system.
If a rupture were to take place between the reactor coolant loop and the first isolation valve or
check valve, this incident would lead to an uncontrolled loss of reactor coolant. The analysis
of loss-of-coolant accidents is discussed in Section 15.6.
Should a rupture occur in the chemical and volume control system outside the containment, or
at any point beyond the first check valve or remotely operated isolation valve, actuation of the
valve would limit the release of coolant and ensure continued functioning of the normal
means of heat dissipation from the core. Even in the event of a failure of the check valve, the
high-energy line break evaluation discussed in Section 3.6 demonstrated no loss of safety
function. For the general case of rupture outside the containment, the largest source of
radioactive fluid subject to release is the contents of the volume control tank. The
consequences of such a release are considered in Section 15.7.
9.3.4.4.5.2

Inadvertent Dilution

When the reactor is subcritical, i.e. during MODE 5 (Cold Shutdown) or MODE 3 (Hot Shutdown), MODE 6 (Refueling), and approach to criticality, the relative reactivity status (neutron
source multiplication) is continuously monitored and indicated by BF3 counters and rate
indicators. Any appreciable increase in the neutron source multiplication, including that
caused by the maximum physical boron dilution rate (see Table 9.3-6), is slow enough to give
ample time to start a corrective action (boron dilution stop and/or emergency boron injection)
to prevent the core from becoming critical. The maximum dilution rate is based on the
abnormal condition of two charging pumps operating at full speed delivering unborated
makeup water to the reactor coolant system at a particular time when the boric acid
concentration is at the maximum value and the water volume in the system is at a minimum.
The worst-case conditions for maximum boric acid concentration and minimum system water
volume are chosen for the accident analysis for each reactor condition, i.e., MODE 6
(Refueling), cold or MODE 3 (Hot Shutdown), startup, and at power (see Section 15.4.4).
9.3.4.4.5.3

Alternative Methods of Boration

Normally, two of the three charging pumps are used in series with one of the two boric acid
transfer pumps. An alternative method of boration would be to use the charging pumps
directly from the refueling water storage tank (RWST). A third method would be to
depressurize and use the safety injection pumps. There are two sources of borated water
available for injection through three diverse methods:
a. The boric acid transfer pumps can deliver the boric acid storage tank contents to the
charging pumps.
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b. The charging pumps can take suction from the refueling water storage tank (RWST).
c. The safety injection pumps can take suction from the refueling water storage tank (RWST).
The malfunction or failure of one component will not result in the inability to borate the
reactor coolant system. An alternate flow path for each of the methods above is available for
boration of the reactor coolant.
9.3.4.4.5.4

Inadvertent Dilution of Boric Acid Storage Tanks

To guard against inadvertent dilution of the boric acid solution in the boric acid storage tanks,
there is an interlock between the boric acid transfer pumps and the flow control valve FCV110A that will close the valve when both pumps are not operating. The line between the
blender and flow control valve includes a check valve V-355. These features prevent reactor
makeup water from flowing back through the blender to the boric acid storage tanks. See
Drawing 33013-1266.
9.3.4.4.5.5

Loss of Seal Injection Water

On loss of seal injection water to the reactor coolant pump seals, seal-water flow may be
reestablished by manually starting a standby charging pump. Even if the seal-water injection
flow is not reestablished, the plant can be operated for a relatively long period of time, such as
24 hours, without evaluation, because the thermal barrier cooler has sufficient capability to
cool the reactor coolant flow, which would pass through the thermal barrier cooler and seal
leakoff from the pump volute (Reference 3).
9.3.4.4.6
9.3.4.4.6.1

Overpressurization Protection
Suction Lines

Overpressurization protection for the chemical and volume control system refers to the
system isolation capabilities from the high-pressure reactor coolant system. The chemical
and volume control system suction line pressure reduction is provided by the three parallel
letdown orifices, each of which is in series with a solenoid-operated valve. Each of these
valves is operated from the control room where the valve position is indicated. The letdown
orifices reduce the reactor coolant pressure below that of the chemical and volume control
system. In addition, a relief valve, downstream of the letdown orifice valves, which has a
capacity greater than the combined capacity of the three orifices, is located inside the
containment and relieves to the pressurizer relief tank inside the containment.
Under SEP Topic XV-16, RG&E reviewed the radiological consequences of failure of small
lines carrying primary coolant outside containment. The worst-case break was taken to be the
chemical and volume control system letdown line break, with a break flow, rate of 60 gpm,
and the assumption that the flash fraction of fission products contained in the leaked coolant
was released. Assuming a previous iodine spike, the primary coolant activity was set at 60
Ci/g Iodine-131 dose equivalent. After a 20-min delay, operator action to isolate the break
was assumed, based on available information such as volume control tank level, letdown line
flow and pressure, and radiation monitors in the auxiliary building. The conclusion of this
review, confirmed by an independent review by the NRC, was that the offsite radiological
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consequences are 1 rem whole body and 12 rem thyroid, a small fraction of the 10 CFR 100
guidelines.
9.3.4.4.6.2

Discharge Lines

The isolation of the chemical and volume control system discharge line is provided by a
common discharge line check valve and a branch check valve in each of the three branches
downstream of the common check valve. Drain fittings on the discharge line upstream of
each check valve allow the valves to be tested. The discharge line of the chemical and
volume control system is not classified as a low-pressure system connected to the reactor
coolant system because the piping is 2500-psi-rated piping throughout its length to the
positive displacement charging pumps. Ginna Station has not experienced failure of the
positive displacement pumps to hold primary system pressure nor is any failure anticipated.
The charging and alternative charging lines were evaluated relative to GDC 55 and 56
requirements under SEP Topic VI-4, Containment Isolation Systems. Each line has a check
valve inside containment that is leak tested (CV-370B in the charging line and CV-383B in
the alternate charging line). These lines do not have a postaccident function. Acceptance of
these lines was based on the following:
a. The piping system is designed to operate at 2250 psi.
b. The piping is Seismic Category I.
c. The charging pumps are positive displacement pumps and, therefore, leakage back through
the pumps is expected to be minimal (see also Section 6.2.4.4, Class 3B).
9.3.4.4.7

Galvanic Corrosion

The only types of materials that are in contact with each other in borated water are stainless
steels, Inconel, Stellite valve materials, and zircaloy/ZIRLOTM fuel element cladding. These
materials have been shown (Reference 1 and Reference 2) to exhibit only an insignificant
degree of galvanic corrosion when coupled to each other.
For example, the galvanic corrosion of Inconel versus 304 stainless steel resulting from high
temperature tests (575F) in lithiated boric acid solution was found to be less than -20.9 mg/
dm2 for the test period of 9 days. Further galvanic corrosion would be trivial since the cell
currents at the conclusion of the tests were approaching polarization. Zircaloy versus 304
stainless steel was shown to polarize at 180F lithiated boric acid solution in less than 8 days
with a total galvanic attack of -3.0 mg/dm2. Stellite versus 304 stainless steel was polarized
in 7 days at 575F in lithiated boric acid solution. The total galvanic corrosion for this couple
was -0.97 mg/dm2. These tests show that the effects of galvanic corrosion are insignificant to
systems containing borated water.
9.3.4.4.8

Control of Tritium

The chemical and volume control system is used to control the release of tritium introduced
into the reactor coolant system from the sources shown in Figure 9.3-1. Essentially all of the
tritium is in chemical combination with oxygen as a form of water. Therefore, any leakage of

Page 137 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

coolant to the containment atmosphere carries tritium in the same proportion as it exists in the
coolant. Thus, the level of tritium in the containment atmosphere, when it is sealed from
outside air ventilation, is a function of tritium level in the reactor coolant, the cooling water
temperature at the cooling coils, which determines the dewpoint temperature of the air, and
the presence of leakage other than reactor coolant as a source of moisture in the containment
air.
There are two major considerations with regard to the presence of tritium:
A. Possible plant personnel hazard during access to the containment.
B. Potential release of tritium to the environment.
Neither of these considerations is limiting at Ginna Station.
The concentration of tritium in the reactor coolant is maintained at a level which precludes
personnel hazard during access to the containment. This is achieved by discharging part of
the condensate from the boric acid recovery process to the lake via the plant circulating
cooling water. The tritium released to the environment in this manner is between 10-2 and 10-3
of 10 CFR 20 limits.
9.3.4.4.9
9.3.4.4.9.1

Reactor Coolant Activity Concentration Calculations
Computation Method

The reactor coolant activity calculation assumes that the defective fuel rods are uniformly
distributed throughout the core and the fission product escape rate coefficients are therefore
based upon an average fuel temperature. The fission product activity in the reactor coolant
during operation with small cladding defects in 1% of the fuel rods is computed using the
following differential equations:
For parent nuclides in the coolant,

(Equation 9.3-1)
for daughter nuclides in the coolant,

(Equation 9.3-2)
where:

N=

population of nuclide
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D=

fraction of fuel rods having defective cladding

R=

purification flow, coolant system volumes per sec

B0 =

initial boron concentration, ppm

B=

boron concentration reduction rate by feed-and-bleed, ppm per sec

=

removal efficiency of purification cycle for nuclide

=

radioactive decay constant

=

escape rate coefficient for diffusion into coolant

Subscript C refers to core
Subscript w refers to coolant
Subscript i refers to parent nuclide
Subscript j refers to daughter nuclide
Table 9.3-9 lists the reactor coolant system equilibrium activities for fission products for use
in dose and shielding calculations. Table 9.3-10 shows the parameters used in the calculation
of the Table 9.3-9 Equilibrium Activities.
9.3.4.4.9.2

Tritium Production

Tritium is produced in the reactor from ternary fission in the fuel, irradiation of boron in the
burnable poison rods and irradiation of boron, lithium, and deuterium in the coolant. The
parameters used in the calculation of tritium production rate are presented in Table 9.3-11a.
9.3.4.4.9.3

Radioactivity Monitoring

During plant operation, continuous monitoring of the reactor coolant is accomplished by
means of a detector assembly mounted at the letdown line. The detector is a Geiger-Mueller
tube with a range of 0.1 mR/hr to 1E7 mR/hr. Indication and alarming in the control room of
high radiation level requires that the operator immediately determine if the source of
additional activity has resulted from failed fuel. The alarm setpoint is 200 mR/hr. A reading
of 200 mR/hr corresponds to approximately 0.1% fuel rod cladding defects. Additional
activity monitoring instrumentation is provided in the charging pump room.
The charging pump room instrumentation is used primarily for personnel warning. The
normal reading is about 20 mR/hr and the alarm setpoint is 100 mR/hr.
9.3.4.4.9.4

Technical Specifications Limits

The Technical Specifications limits on reactor coolant leakage and activity are:
a. A known leakage source of 10 gpm.
b. An unidentified leakage source of 1 gpm.
c. Primary to secondary leakage of 150 gpd through any one steam generator.
d. Activity:
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1.

The Xenon-133 equivalent of the xenon activity in the reactor coolant shall not exceed
650 Ci/gm.

2.

The Iodine-131 equivalent of the iodine activity in the reactor coolant shall not exceed
1.0 Ci/gm.

3.

The Iodine-131 equivalent of the iodine activity on the secondary side of a steam
generator shall not exceed 0.1 Ci/gm. This limit is required whenever the plant is above
MODE 5 (Cold Shutdown).

Basis
The total activity limit for the primary system corresponds to operation with the plant design
basis of l% fuel defects. The limit for secondary iodine activity is conservatively established
with respect to the limits on primary system iodine activity and primary-to-secondary
leakage.
The specified activity limits provide protection to the public against the potential release of
reactor coolant activity to the atmosphere, as demonstrated by the analysis of a steam
generator tube rupture accident (see Section 15.6.3).
9.3.4.4.9.5

Tritium Limit

A tritium limit is established to meet the allowable concentration in the circulating water
discharge. The production rate of tritium in the fuel is calculated to be 10,240 Ci/cycle and
10% (design) or 2% (expected) is assumed to be released to the coolant by recoil through the
cladding (see Table 9.3-11a and Table 9.3-11b). To this is added tritium from other sources
for a total of approximately 2500 Ci/cycle (design) or 1609 Ci/cycle (expected) of total
tritium activity added to the reactor coolant. With a turnover of 4.5 reactor coolant volumes
per year in addition to the 3.7 reactor coolant volumes discharged per cycle through boron
dilution, it is anticipated that tritium activity will remain below 3.5 Ci/g for the design
release throughout the cycle. The methodology to determine fuel damage and clad damage
based on coolant area radiation activity is provided in a procedure.
9.3.4.4.9.6

R.E. Ginna Normal Operation RCS and Secondary Coolant Sources

Normal Operation Sources
The normal operation source terms are based on the American National Standard (ANS)
Source Specification, ANSI/ANS-18.1-1999 (Reference 6) entitled, "Radioactive Source
Term for Normal Operation of Light Water Reactors." This standard establishes typical longterm concentrations of principal radionucides in fluid streams of light-water-cooled nuclear
power plants for use in estimating the expected release of radioactive materials from various
effluent streams. These fluid streams are the reactor coolant and the steam generator water
and steam.
The purpose of this standard is to provide a uniform approach, applicable to light-watercooled nuclear power plants, for the determination of expected concentrations in fluid
streams. Through application of this standard, a common basis for the determination of
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radioactive source terms is established with the goal of providing a consistent approach for
those involved in the design, licensing, and operation of nuclear power plants.
The numerical values given in the standard are based on available data from operating plants
that use Zircaloy-clad, uranium-dioxide fuel. However, the standard stipulates that the values
given will be revised periodically as additional plant operating data becomes available.
If the parameters such as power level, flow rates, and fluid quantities are those given in
ANSI/ANS-18.1-1999, the source-term values given in the standard are to be used without
modification. In cases where any parameter differs from the values given in ANSI/ANS18.1-1999, one must account for these differences by using adjustment factors.
The pertinent plant parameters and assumptions are listed in Table 9.3-12 along with normal
values specified in ANSI/ANS-18.1-1999. Since several of these quantities differ from the
normal values specified in ANSI/ANS-18.1-1999, these values are considered in the
determination of the adjustment factors, which are then applied to the standard source term
values listed in the standard.
Table 9.3-13 gives the normal source based on ANSI/ANS-18.1-1999 for the R.E. Ginna
Plant based on the 1775 MWt uprate power level.
9.3.4.5

Minimum Operating Conditions

The chemical and volume control system provides complete control of the reactor coolant
system boron inventory. All three charging pumps are capable of injecting concentrated boric
acid directly into the reactor coolant system. The volume of boric acid solution required to
meet MODE 5 (Cold Shutdown) requirement shortly after full power operation is specified in
the Technical Requirements Manual (TRM). (See also Table 9.3-6.)
The minimum volume from the boric acid storage tanks for the various concentrations
allowed to meet MODE 5 (Cold Shutdown) conditions is tabulated in the Technical
Requirements Manual (TRM). A range of concentrations from 6000 ppm to 23,000 ppm are
allowed. Alternatively, 32,000 gallons of 2750 ppm borated water from the refueling water
storage tank (RWST) will meet MODE 5 (Cold Shutdown) conditions. The amount of boric
acid will vary from cycle to cycle. The required volume is associated with boration from just
critical, hot zero power, peak xenon with control rods at the insertion limit, with single reactor
coolant loop operation.
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Table 9.3-1
NUCLEAR PROCESS SAMPLING SYSTEM CODE REQUIREMENTS
Sample heat exchanger

ASME III, Class C, tube side
ASME VIII, shell side

Sample pressure vessels

ASME III, Class C

Piping and valves

USAS B31.1
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Table 9.3-2
NUCLEAR PROCESS SAMPLING SYSTEM COMPONENTS
Sample Heat Exchanger(HX)
General
Number

5

Type

Coil-in-shell

Design heat transfer rate (duty for 652.7F saturated steam
to 127F liquid), each

2.14 x 105 Btu/hr

Shell
Design pressure

150 psig

Design temperature

350F

Component cooling water flow (maximum flow per HX)

40 gpm

Pressure loss at 40 gpm

15 psi

Nominal Component Cooling Water Flow (per HX)

15 gpm

Operating cooling water temperature, in (maximum)

105F

Operating cooling water temperature, out (maximum)

130F

Material

Carbon steel

Tubes
Tube diameter

3/8 in., O.D.

Design pressure

2485 psig

Design temperature

680F

Sample flow, normal, each

209 lb/hr

Maximum allowable pressure loss, each 209 lb/hr

10 psi

Operating sample temperature, in (maximum)

652.7F

Operating sample temperature, out (maximum)

127F

Material

Austenitic stainless steel
Sample Pressure Vessels

Number, total

8

Volume, pressurizer steam sample, two supplied

75 ml

Volume, pressurizer liquid sample, two supplied

75 ml

Volume, reactor coolant hot-leg sample, two supplied

75 ml

Volume, volume control tank sample, two supplied

75 ml
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Design pressure

2485 psig

Design temperature

680F
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Table 9.3-3
MALFUNCTION ANALYSIS OF NUCLEAR PROCESS SAMPLING SYSTEM
Sample Chains

Malfunction

Comments and Consequences

Pressurizer steam space
sample, pressurizer liquid
space sample, or hot-leg
sample

Remote operated sampling
valve inside reactor
containment fails to close

Diaphragm-operated valve
outside the reactor
containment closes on
containment isolation
signal

Any sample chain

Sample line break inside
containment

Same as above
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Table 9.3-4
POSTACCIDENT SAMPLING SYSTEM FUNCTIONAL REQUIREMENTS
Sample Sourcea

In-Line Analysis Objective

Grab Sampleb

Reactor Coolant
Pressurizer vapor space
Pressurizer liquid space
Hot leg

Boron, pH, dissolved oxygen, Diluted (1000:1)d grab
dissolved hydrogen,
samples (postaccident)
conductivityc
Undiluted dissolved gas
sample (normal operation
(MODES 1 and 2))
Undiluted reactor liquid
sample (normal operation
(MODES 1 and 2))

Containment
Sump A

Boron, pH, conductivitybc

Diluted (1000:1)d sample
(postaccident)
Undiluted (normal operation
(MODES 1 and 2))

Atmosphere

Hydrogen, oxygen

Diluted (1000:1)d sample
postaccident)

a.

Sample must be obtained and analyzed within 3 hrs of the decision to sample.

b.

Grab samples to be used for isotopic analysis in the Ginna Station counting room or for offsite analysis.

c.

Connections are provided for chloride analysis by a portable instrument. These connections also used
for obtaining undiluted samples during routine operation.

d.

(1000:1) is a nominal design value. Gas samples diluted at approximately 200:1 or 1500:1.
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Table 9.3-5
LIQUID AND GAS SAMPLE PANEL ANALYTICAL EQUIPMENT REQUIREMENTS
Parameter

Measurement Technique

Range

Required Accuracy

pH

Probe

1-13

0.1 pH Unit

Conductivity

Probe

0.1-500 mho/cm

3%

Dissolved oxygena

Probe

0.01-20 ppm

10%

Dissolved hydrogena

Gas chromatograph

10-2000 cm3/kg

15%

Boron

Automatic titrimeter

50-6000 ppm

1%

Hydrogen

Gas chromatograph

0-10%

5%

Oxygen

Gas chromatograph

0-30%

5%

LIQUID SAMPLES

GAS SAMPLES

a.

Not required for sump samples.
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Table 9.3-6
CHEMICAL AND VOLUME CONTROL SYSTEM PERFORMANCE PARAMETERSa
Plant design life, years

40

Seal-water supply flow rate, gpm

16

Seal-water return flow rate, gpm

6

Normal letdown flow rate, gpm

40

Maximum letdown flow rate, gpm

60

Normal charging pump flow (one pump), gpm

46

Normal flow to reactor coolant pumps, gpm

16

Normal charging line flow, gpm

30

Maximum rate of boration with one transfer and one
charging pump, ppm/min

31

Equivalent cooldown rate to above rate of boration, F/min

9.4b

Maximum rate of boron dilution (two charging pumps),
ppm/hr

707b

Two-pump rate of boration, using refueling water, ppm/min

6.2b

Equivalent cooldown rate to above rate of boration, F/hr

1.9b

Temperature of reactor coolant entering system at full
power, F

544.8/540.2c

Temperature of coolant return to reactor coolant system at
full power, F

499.2/497.6c

Normal coolant discharge temperature to holdup tanks, F

127.0

Volume of 2750 ppm borated water from the refueling water 32,000d 37,000e
storage tank (RWST) required to meet MODE 5 (Cold
Shutdown) requirements (gallons)
Volume of boric acid solution from the boric acid storage
tanks required to meet MODE 5 (Cold Shutdown)
requirements (gallons)

As required by the Technical
Requirements Manual (TRM)

NOTE:—Volumetric flow rates in gpm are based on 127F and 15 psig. Reactor coolant
water quality is summarized in plant procedures.
a.

Values listed in the table represent those from the original plant design and may differ from the current
plant values due to power uprate.

b.

Historic information. Boration capability evaluated on a cycle specific basis as parts of reload report
review.

c.

Original design/Uprate at TAVG = 576F.
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d.
e.

Calculated for Power Uprate. Minor cycle to cycle variations may occur, which are reviewed by cycle
specific reload reports.
Cycle 39 Value.
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Table 9.3-7
PRINCIPAL COMPONENT DATA SUMMARY
HEAT EXCHANGERS

Quantity

Heat Transfer (Btu/
hr)

Letdown Flow (lb/
hr)

Letdown T (F)

Design Pressure (psig)

Design Temperature

Shell/tube

Shell/tube

(F)

Regenerative

1

5.65 x 106

19,760

262

2485/2735

650/650

Nonregenerative

1

7.4 x 106

29,640

244

150/600

250/400

Seal-water

1

1.19 x 106

79,940

16

150/150

250/200

Excess letdown

1

1.88 x 106

4,940

357

150/2485

250/650

PUMPS

Quantity

Type

Capacity (gpm)

Head (ft)

Design Pressure (psig)

Design Temperature (F)

Charging

3

Positive displacement

60

a

3000

250

Boric acid

2

Canned

40

235

150

250

Recirculation

1

Centrifugal

500

100

75

200

Reactor makeup water

2

Centrifugal

60

235

150

250

Monitor

1

Centrifugal

60

235

150

250

Concentrates holding tank
transfer

2

Canned

20

150

150

250

Gas stripper feed

2

Canned

12.5

200

150

200

Gas stripper bottom

2

Canned

12.5

125

75

300

Quantity

Type

Volume (Gal)

Design Pressure
(psig)

Design Temperature (F)

Volume control

1

Vertical

1500

75/15 Int/Ext

250

Charging pump pulse
dampener

1

Horizontal

NA

3000

250

TANKS

Page 151 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

Boric acid

2

Vertical

4348b

Atmosphere

250

Chemical mixing

1

Vertical

3.0

150

200

Batching

1

Jacket bottom

400

Atmosphere

250

Holdup

3

Vertical

4165 ft3 c

15

200

Reactor makeup water

1

Vertical

75,000

Atmosphere

100

Concentrates holding

1

700

Atmosphere

250

Monitor

2

Diaphragm

7500

Atmosphere

125

Hydropad Accumulator

1

Vertical

Gas: 500in3 Water:
300in3

500

-325 to 1200

Nitrogen Gas Trap

1

Horizontal

9.75(1.303ft3)

20

250

Quantity

Type

Flow (gpm)

Design Pressure (psig)

Mixed-bed

2

Flushable

12.0

40

200

250

Cation bed

1

Flushable

12.0

40

200

250

Base removal and cation

4

Flushable

12.0

12.5

200

250

Evaporator condensate

2

Fixed/Flushable

12.0

12.5

200

250

Deborating

2

Fixed/Flushable

30.0

40

200

250

DEMINERALIZERS

Resin Volume (ft3)

a.

Head limited by discharge relief valve.

b.

Per EWR 3881 calculations.

c.

The storage capacity of three of these tanks equals two reactor coolant system volumes.
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Table 9.3-8
MALFUNCTION ANALYSIS OF CHEMICAL AND VOLUME CONTROL SYSTEM
Component

Failure

Comments and Consequences

Letdown line

Rupture in the line inside
the reactor containment

The remote air-operated valve (AOV
427) located near the main coolant loop
is closed on low pressurizer level or a
containment isolation signal. The
containment isolation valve in the
letdown line (AOV 371) outside the
reactor containment is automatically
closed by the containment isolation
signal initiated by the concurrent lossof-coolant accident. The closure of
AOV 371 and the letdown system
orifice valves (AOVs 200A, 200B, and
202, which close on a containment
isolation signal fed from AOV 427)
limits the leakage of the reactor
containment atmosphere outside the
reactor containment.

Normal and alternate
charging line

Rupture in the line inside
the reactor containment
(upstream of the check
valves)

The check valves located near the main
coolant loops (CV 295 and CV 9314,
normal charging, and CV 383A,
alternate charging) prevent loss of
coolant through the line rupture. The
air-operated valve located upstream of
the check valve (AOV 294, normal
charging, AOV 392B, alternate
charging) in the defective line can also
be closed to isolate the reactor coolant
system from the rupture. The check
valves located at the boundary of the
reactor containment (CV 370B, normal
charging at penetration 100; CV 383B,
alternate charging at penetration 102)
limit the leakage of the reactor
containment atmosphere outside the
reactor containment.

Seal-water return line

Rupture in the line inside
the reactor containment

The motor-operated isolation valve
MOV 313 located outside the
containment is manually closed or is
automatically closed by a containment
isolation signal. The closure of that
valve limits the leakage of the reactor
containment atmosphere outside the
reactor containment.
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Table 9.3-9
REACTOR COOLANT SYSTEM EQUILIBRIUM ACTIVITIES
Activation Products
Nuclide

Ci/g

Cr-51

5.40E-03

Mn-54

1.60E-03

Mn-56

2.20E-02

Fe-55

2.10E-03

Fe-59

5.10E-04

Co-58

1.40E-02

Co-60

1.30E-03

Non-Volatile Fission Products (Continuous Full Power Operation)
Nuclide

Ci/g

Nuclide

Ci/g

Nuclide

Ci/g

Nuclide

Ci/g

Br-83

1.00E-01

Rb-86

3.76E-02

Mo-99

8.38E-01

Te-132

3.15E-01

Br-84

4.90E-02

Rb-88

4.40E+00 Te-99m

7.78E-01

Te-134

3.15E-02

Br-85

5.70E-03

Rb-89

2.00E-01

Ru-103

6.11E-04

Ba-137m

2.15E+00

I-129

6.86E-08

Sr-89

4.56E-03

Rh-103m

6.14E-04

Ba-140

4.43E-03

I-130

4.41E-02

Sr-90

2.33E-04

Ru-106

2.12E-04

La-140

1.52E-03

I-131

3.05E+00 Sr-91

6.00E-03

Rh-106

2.12E-04

Ce-141

6.80E-04

I-132

2.97E+00 Sr-92

1.32E-03

Ag-110m

1.99E-03

Ce-143

5.41E-04

I-133

4.72E+00 Y-90

6.68E-05

Te-125m

7.75E-04

Pr-143

6.55E-04

I-134

6.49E-01

Y-91m

3.26E-03

Te-127m

3.46E-03

Ce-144

5.14E-04

I-135

2.59E+0

Y-91

6.00E-04

Te-127

1.43E-02

Pr-144

5.14E-04

Cs-134

3.22E+00 Y-92>

1.16E-03

Te-129m

1.17E-02

Cs-136

3.90E+00 Y-93

3.96E-04

Te-129

1.46E-02

Cs-137

2.27E+00 Zr-9

6.99E-04

Te-131m

2.68E-02

Cs-138

1/06E+00 Nb-95

7.03E-04

Te-131

1.40E-02

Gaseous Fission Products
Nuclide

Ci/g

>Nuclide

Ci/g

Kr-83m

4.74E-01

Xe-133m

3.84E+00

Kr-85m

1.93E+00 Xe-133

2.71E+02

Kr-85

8.21E+00

5.58E-01

Xe-135m
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Kr-87

1.24E+00

Xe-135

9.49E+00

Kr-88

3.60E+00

Xe-137

1.91E-01

Kr-89

1.00E-01

Xe-138

6.92E-01

Xe-131m

3.54E+00
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Table 9.3-10
PARAMETERS USED IN THE 1811 MWT UPRATE CALCULATION OF REACTOR
COOLANT FISSION PRODUCT ACTIVITIES
1.

Core thermal power, MWt

1811

2.

Cycle Length (days)

575.5

3.

Initial Boron Concentration (ppm)

1967

4.

Fuel Defect Level (%)

5.

Reactor Coolant Mass (g)

6.

Purification System Flow Rate (gpm)

40

7.

Purification System Flow Temperature (F)

127

8.

Purification System Flow Pressure (psig)

15

9.

Purification System Demineralizer Resin Volume (ft3

12

1
1.123 x 108

10. Volume Control Tank Volumes
Vapor, ft3

100

Liquid, ft3

100

11. Volume Control Tank Temperature (F)
12. Volume Control Tank Vapor Purge Rate (cfm)

127
0

13. Fission Product Escape Rate Coefficients
Noble gas isotopes, sec-1

6.5 x 10-8

Br, Rb, I and Cs isotopes (sec-1)

1.3 x 10-8

Te isotopes, sec-1

1.0 x 10-9

Mo, Tc and Ag isotopes, sec-1

2.0 x 10-9

Sr and Ba isotopes, sec-1

1.0 x 10-11

Y, Zr, Nb, Ru, Rh, La, Ce and Pr (sec-1)

1.6 x 10-12

14. Mixed-bed demineralizer decontamination factors
Noble gases and Cs-134, Cs-136 and Cs-137

1

All other isotopes

10

15. Cation Bed Demineralizer Decontamination Factor for Cs-134, Cs-137
and Rb-86
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Table 9.3-11a
PARAMETERS USED IN THE CALCULATION OF TRITIUM PRODUCTION IN THE
REACTOR COOLANT - BASIC ASSUMPTIONS
Plant Parameters:
1.

Core thermal power, MWt

1811

2.

Coolant water volume, ft3

5441a

3.

Core water volume, ft3

354

4.

Core water mass (grams)

7.324 E+06

5.

Plant full power operating time
• Equilibrium cycle

6.

79.71 weeks (18.33 months)

Boron concentrations (Peak hot full power
equilibrium Xenon)
• Equilibrium cycle, ppm

1801

7.

Burnable poison boron content (total-all rods), kg

2.93b

8.

Fraction of tritium in core (ternary fission + burnable
boron) diffusing through clad

9.

• Equilibrium (design)>

0.10

• Equilibrium (expected)

0.02

>Ternary fission yield

8 x 10-5atoms/fission

a.

Minimum value based on PCWG parameters for Cases 3 and 4 with 10% tube plugging and 35%
pressurizer water level.

b.

Effective derived quantity based on 3 regions loaded in subsequent cycles with each having an initial
mass of 1123 grams.
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Table 9.3-11b
CALCULATION OF TRITIUM PRODUCTION IN THE REACTOR COOLANT
Calculations

Equilibrium Cycle Equilibrium Cycle
Design Value
Expected Value
(Ci/cycle)
(Ci/cycle)

Tritium from core
1. Ternary fission

10240

10240

2. 10B (n, 2) T (in poison rods)

152

152

3. 10B (n, ) 7Li (n, n) T (in poison rods)

744

744

4. Release fraction

0.10

0.02

5. Total released to coolant

1114

223

1. 10B (n, 2) T

1033

1033

2. Li (n, n) T (limit 2.2 ppm Li)

10.19

10.19

3. 6Li (n, ) (purity of 7Li = 99.9%)

337.80

337.80

4. D2 (n,y)

5.38

5.38

5. Release fraction

1.0

1.0

1386

1386

2500

1609

Tritium from coolant

6. Total release to coolant
Total tritium in coolant
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Table 9.3-12
ANSI/ANS 18.1-1999 NORMAL SOURCE INPUT PARAMETERS
Parameter

Symbol

Value

Units

Nominal Value

Core Thermal Power

P

Weight of water in
reactor coolant system

WP

4.07E+04

gal

2.5E+05

kg

Reactor coolant letdown
flow rate (purification)

FD*

4.00E+04

gal

4.7E+00

kg/sec

Reactor coolant letdown
flow rate (yearly average
for boron control)

FB

1.66E-01

gpm

6.3E-02

kg/sec

Flow through the
purification system
cation demineralizer

FA

4.00E+00

gpm

4.7E-01

kg/sec

Steam flow rate

FS

7.41E+06

lb/hr

1.9E+03

kg/sec

Weight of secondary side
water in all steam
generators<

WS

1.67E+05

lb

2.0E+05

kg

Steam generator blowdown flow rate (total)

FBD

1.00E+02

gpm

9.5E+00

kg/sec

Density of RCS Water

Drcs

4.48E+01

lb/ft3

VCT Liquid Volume

VOL-L*

1.00E+02

ft3

VCT Vapor Space
Volume

VOL-V*

1.00E+02

ft3

PR*

0.00E+00

scfm

Dvct*

6.16E+01

lb/ft3

VCT Temperature

TEMP*

1.27E+02

deg F

VCT Vapor Pressure

PRESS

1.50E+01

psig

VCT Purge Rate
Density of VCT Water

MWt

Notes: Values for NB, NA, NBD, NC, NS and NX are N-18.1 values. Symbols marked with
(*) are used in noble gas stripping factor calculations (Y).
a.

102% of 1775 MWt
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Table 9.3-13
R. E. GINNA NORMAL PLANT OPERATIONAL SOURCES BASED ON ANSI/ANS 18.1 – 1999 (uCi/g)
Secondary Side
Nuclide

RCS

Secondary Side

Water

Steam

Nuclide

Class 1

RCS

Water

Steam

Class 6

Kr-85m

1.5E-02

>nil

6.5E-09

Na-24

5.0E-02

2.6E-06

1.3E-08

Kr-85

1.3E+00

>nil

5.6E-07

Cr-51

3.0E-03

1.9E-07

9.2E-10

Kr-87

1.8E-02

>nil

2.2E-08

Mn-54

1.5E-03

9.5E-08

4.8E-10

Kr-88

1.8E-02

nil

7.7E-09

Fe-55

1.2E-03

7.2E-08

3.6E-10

Xe-131m

7.7E-01

nil

3.2E-07

Fe-59

2.9E-04

1.8E-08

8.9E-11

Xe-133m

6.3E-02

nil

2.8E-08>

Co-58

4.5E-03

2.8E-07

1.4E-09

Xe-133

2.7E-02

nil

1.2E-08

Co-60

5.1E-04

3.2E-08

1.6E-10

Xe-135m

1.5E-01

nil

6.4E-08

Zn-65

4.9E-04

3.1E-08>

1.5E-10

Xe-135

6.2E-02

nil

2.6E-08

Sr-89

1.4E-04

8.3E-09

4.2E-11

Xe-137

4.1E-02

nil

1.7E-07

Sr-90

1.2E-10

7.2E-10

3.6E-12

Xe-138

7.2E-02

nil

3.1E-08

Sr-91

1.0E-03

5.2E-08

2.6E-10

Y-91m

5.4E-04

8.9E-09

4.4E-11

Y-91

5.0E-06

3.1E-10

1.6E-12

Class 2
Br-84

1.9E-02

2.2E-07

2.2E-09

Y-93

4.5E-03

2.2E-08

1.1E-09

I-131

2.0E-03

1.3E-07

1.3E-09

Zr-95

3.8E-04

2.3E-08

1.2E-10

I-132

7.0E-02

2.2E-06

2.2E-08

Nb-95

2.7E-04

1.6E-08

8.4E-11

I-133

2.8E-02

1.6E-06

1.6E-08

Mo-99

6.4E-03

3.8E-07

1.8E-09

I-134

1.2E-01

2.0E-06

2.0E-08

e-99m

5.2E-03

2.2E-07

1.2E-09

I-135

6.2E-02

2.8E-06

2.8E-08

Ru-103

7.3E-03

4.5E-07

2.3E-09
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Secondary Side
Nuclide

RCS

Secondary Side

Water

Steam

Class 1

Nuclide

RCS

Water

Steam

Ru-106

8.7E-02

5.4E-06

2.6E-08

Ag-110m

1.3E-03

7.7E-08

3.9E-10

Class 6

Class 3
Rb-88

2.3E-01

1.6E-06

7.8E-09

Te-129m

1.8E-04

1.1E-08

5.7E-11

Cs-134

3.6E-05

2.2E-09

1.2E-11

Te-129

2.8E-02

5.9E-07

2.9E-09

Cs-136

8.5E-08

5.3E-08

2.7E-10

Te-131m

1.5E-03

8.7E-08

4.4E-10

Cs-137

5.1E-05

3.3E-09

1.6E-11

Te-131

9.2E-03

8.5E-08

4.4E-10

Te-132>

1.7E-03

1.0E-07

5.0E-10

Ba-140

1.3E-02

7.7E-07

3.8E-09

La-140

2.5E-02

1.5E-06

7.3E-09

Ce-141

1.5E-04

8.9E-09

4.5E-11

Ce-143

2.8E-03

1.6E-07

8.2E-10

Ce-144

3.9E-03

2.3E-07

1.2E-09

W-187

2.6E-03

1.4E-07

7.3E-10

Np-239

2.2E-03

1.3E-07

6.5E-10

Class 4
N-16

4.0E+01

Class 5
H-3

2.6E-06

2.6E-07

<
1.0E+00

1.0E-03

1.0E-03>
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9.4

AIR CONDITIONING, HEATING, COOLING, AND
VENTILATION SYSTEMS

9.4.1

CONTAINMENT VENTILATION SYSTEM

9.4.1.1

Design Bases

9.4.1.1.1

Design Objectives

The containment ventilation systems are designed to accomplish the following:
A. Remove the normal heat loss from the equipment and piping in the reactor containment
during plant operation and maintain a normal ambient temperature of less than 125F, 50%
relative humidity.
B. Provide sufficient air circulation and filtering throughout all containment areas to permit
safe and continuous access to the reactor containment within 2 hours after reactor shutdown, assuming defects exist in 1% of the fuel rods.
C. Provide for positive circulation of air across the refueling water surface to ensure personnel
access and safety during shutdown.
D. Provide a minimum containment ambient temperature of 50F during reactor shutdown.
E. Provide for purging of the containment to the plant vent for dispersion to the environment
as allowed by applicable regulations.
F. Provide for backup purging of the containment following an accident. The design for postaccident conditions and operating criteria are described in Section 6.2.2.
In order to accomplish these objectives, the following systems are provided:
AA. Containment recirculation cooling and filtration system.
BB.

Control rod drive mechanism cooling system.

CC.

Reactor compartment cooling system.

DD. Refueling water surface and purge system.
EE.

Containment auxiliary charcoal filter system.

FF.

Containment post-accident charcoal filter system.

GG. Containment shutdown purge system.
HH. Containment mini-purge system.
II.

Penetration cooling system.

The design characteristics of the equipment required in the containment for cooling, filtration,
and heating to handle the normal thermal and air cleaning loads during MODES 1 and 2 are
presented in Table 9.4-1. In certain cases where engineered safety features functions also are
served by the equipment, component sizing is determined from the required operating
specifications associated with the design-basis accident, described in Sections 6.3 and 15.6.
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9.4.1.1.2

Design Criteria

The design criteria below, associated with inspection and testing of the air cleanup system,
were used during the licensing of Ginna Station. They represent the Atomic Industrial Forum
version of proposed criteria (AIF-GDC) issued by the AEC for comment on July 10, 1967.
Conformance of the ventilation systems to the General Design Criteria of 10 CFR 50, Appendix
A (i.e., GDC 2, 4, 5, 17, 19, 60, and 61) is discussed in Section 3.1.2. Conformance with
Regulatory Guides and IEEE Standards is discussed in Section 1.8.
Inspection of Air Cleanup Systems
CRITERION: Design provisions shall be made, to the extent practical, to facilitate physical
inspection of all critical parts of containment air cleanup systems, such as ducts,
filters, fans, and dampers (AIF-GDC 62).
Access is available for visual inspection of the fan cooler and recirculation filtration systems
and components.
Testing of Air Cleanup System Components
CRITERION: Design provisions shall be made, to the extent practical, so that active
components of the air cleanup systems, such as fans and dampers, can be tested
periodically for operability and required functional performance (AIF-GDC 63).
Periodic tests of the dampers associated with the charcoal filter units of the containment air
cleanup system are conducted. Each damper is started and operation (including stroke time) is
checked by personnel in containment. An indicating light in the control room provides
indication of damper movement. Periodic tests also verify that the dampers fail in a safe
position on loss of air and that air flow and orientation for accident operation is acceptable.
Testing Air Cleanup Systems
CRITERION: A capability shall be provided, to the extent practical, for in situ periodic testing
and surveillance of the air cleanup systems to ensure (a) filter bypass paths have
not developed and (b) filter and trapping materials have not deteriorated beyond
acceptable limits (AIF-GDC 64).
Each containment recirculation fan unit is checked periodically for water in the filtration area.
Also, charcoal filters are tested for bypass flow and pressure drop and are visually inspected
for damage and loss of charcoal.
Further, a representative sample cell is removed during shutdown and tested periodically to
verify its continued efficiency. After reinstallation, the filter units will be tested in-place by
aerosol injection to determine integrity of the flow path.
Initial Testing of Operational Sequence of Air Cleanup Systems
CRITERION: A capability shall be provided to test initially under conditions as close to
design as practical the full operational sequence that would bring the air cleanup
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systems into action, including the transfer to alternate power sources and the
design air flow delivery capability (AIF-GDC 65).
Means were provided to test initially under conditions as close to design and as near as was
practical the full operational sequence that would bring the fan cooler and recirculation
filtration systems into action, including transfer to the emergency diesel-generator power
source.
9.4.1.2
9.4.1.2.1

System Design
Introduction

The containment ventilation, purging, and recirculation cooling and filtration systems flow
diagram is shown in Drawings 33013-1863 through 33013-1866. The containment
recirculation cooling and filtration system and the purge and depressurization system are
designed as Seismic Category I.
The containment recirculation fans and reactor compartment fans are direct-driven units, each
with standby units for redundancy. Control rod drive fans were sized to provide adequate
cooling with one fan operation. However, standard practice is two fan operation. The fans
and motors of these units are provided with vibration detecting devices to detect abnormal
operating conditions in the early stages of the disturbance. Each of the associated systems is
provided with flow switches to verify existence of air flow in the associated duct system.
Dampers in the following systems and ducts are provided with air by dual supply air mains:
primary compartment ducts, dome ducts, containment auxiliary charcoal filter systems,
butterfly valves which isolate the post-accident charcoal filters, and containment purge
supply and exhaust ducts.
9.4.1.2.2

Containment Recirculation Cooling and Filtration System

The containment recirculation fan cooler (CRFC) function during MODES 1 and 2 is
accomplished using the air handling units with common, headered discharge ducting to
ensure adequate distribution of filtered and cooled air throughout the containment (see
Drawing 33013-1863). The cooling capacity and air flow rates of the units are discussed in
Section 6.2.2.1. Condensate collected from the units is discussed in Section 5.2.5.4.3.
Each air handling unit consists of the following equipment arranged so that during MODES 1
and 2, air flows through the assembly in the following sequence: entering louvers, cooling
coils, moisture separators (demisters), high efficiency particulate air filters, direct-drive
motor and centrifugal fan, and supply header.
In the event of a loss-of-coolant accident, the sequence of flow would be as above but in
addition, for two of the units, after passing through the fan the flow would be directed through
an alternative post-accident path containing charcoal filters and then through gratings
discharging onto the operating floor area of containment.
During MODES 1 and 2, the charcoal filters are isolated from air flow on both the upstream
and downstream sides by butterfly valves. These valves are automatically opened by the
accident signal, which also closes a similar valve to block the normal discharge path from the
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fan. The isolation of the charcoal under normal conditions maintains a high degree of
charcoal activation.
The containment recirculation fan cooler (CRFC) units are located in the space between the
reactor coolant loop shield wall and the containment wall. The shielded location makes
inspection of the equipment possible at power under restricted area access conditions and
immediately after entry into MODE 3 (Hot Shutdown).
The fans, motors, electrical connections, and all other equipment in the containment
necessary for operation of the system are capable of operating under the environmental
conditions following a loss-of-coolant accident.
Two of the four fans and coolers plus one containment spray pump (i.e. one train of each
system) are required to provide sufficient capacity to maintain the containment pressure
within design limits after a loss-of-coolant accident or steam line break accident. See
Section 6.2.2 for a discussion of the post-accident performance of these systems.
During power operation, containment integrity is maintained with no release from the
containment ventilation system to the atmosphere except as described in Section 12.3.2.2.7
and as required to maintain containment pressure within the requirements of Technical
Specifications. Prior to purging the containment air using the containment mini-purge system,
particulate and radiogas monitor indications of the closed containment activity levels are used
to guide releases from the containment. During power operation, the containment particulate
and radiogas monitor (R-11 and R-12) indications help determine the desirability of using
either one or both of two auxiliary particulate and charcoal filter units installed in the
containment primarily for pre-access cleanup.
When containment purging for access is in progress, releases from the plant vent are
continuously monitored with a radiogas monitor.
9.4.1.2.3

Control Rod Drive Mechanism Cooling System

The control rod drive cooling system consists of fans and ductwork to draw air through the
control rod drive mechanism shroud and eject it to the main containment volume (see
Drawing 33013-1864). Reference 10 provided upgraded ductwork for the control rod drive
mechanism (CRDM) cooling system.
The purpose of the control rod shroud fans is to remove the heat generated by the control rod
drive mechanism coils. This heat is dissipated from the reactor vessel through the shroud
surrounding the control rod drive mechanism coils. The two fans take a suction from the
shroud and discharge to the containment atmosphere above their missile barrier location.
The fan motors are 60 hp, and each fan is rated for 14,000 cfm air flow. Backdraft dampers
prevent reverse air flow through the fans.
A new Head Assembly Upgrade Package (HAUP) was provided by PCR 2001-0042 during
the 2003 refueling outage.
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The HAUP provided a shroud and shield assembly with retractable doors as shown in
Reference 11. The HAUP provided a duct system for the control rod drive mechanism cooling
air flow and also provides radiation shielding in the lower portion of the assembly.
The shroud assembly attaches to the existing lift rig circular ring beam lower face in order to
form part of the ductwork for the control rod drive mechanism cooling. A plenum with
access doors for the control rod drive mechanism and microprocessor rod position indication
(MRPI) coil connectors has been added to the top of the existing lift rig to complete the
cooling air flow path. The plenum attaches to existing duct work on the missile shield via a
two piece removable duct section.
9.4.1.2.4

Reactor Compartment Cooling System

The reactor compartment cooling system consists of a plenum, cooling coils, fans, and
ductwork arranged to supply cool air to the annulus between the reactor vessel and the
primary shield and to the nuclear instrumentation external to the reactor (see Drawing 330131864).
These fans take a suction from the containment atmosphere and cool the air with service
water (SW) through cooling coils before discharging through supply dampers to the area near
containment sump A (directly under the reactor vessel). Air exits to the containment
atmosphere around the loop nozzles and vessel seal ring area.
Each fan has a 30-hp motor rated for 21,175-cfm air flow. The cooling coils are supplied by
service water (SW) through two normally open butterfly isolation valves which are located
outside containment. The total cooling capacity is 342,000 Btu/hr for each unit, based on
80F service water (SW) temperature and 120F air inlet temperature. As discussed in
Reference 9 and Reference 12, the increase in the maximum lake temperature to 85F and the
increase in containment temperature to 125°F does not prevent the reactor compartment
cooling system from providing adequate cooling since a review of past plant instrumentation
records during summer operation indicates that the air temperature exiting the reactor vessel
annulus is maintained well below the design basis temperature.
Counterweighted manual backdraft dampers prevent reverse air flow through the fans.
9.4.1.2.5

Refueling Water Surface and Purge System

The purpose of this subsystem is to supply air to the surface of the refueling cavity and
exhaust from the area above the refueling manipulator crane to protect the operators during
MODE 6 (Refueling) operations. The system consists of a supply fan (3 hp, 6900 cfm) and
an exhaust fan (7.5 hp, 11,000 cfm) located near the refueling cavity in containment. The
flow path requires that the supply fan blow air over the surface of the refueling cavity where
an exhaust fan removes the air and delivers it to the purge exhaust system. The fans are
controlled from within the containment during MODE 6 (Refueling) operations. (See
Drawing 33013-1864.)
9.4.1.2.6

Containment Auxiliary Charcoal Filter System

The purpose of this subsystem is to absorb radioactive iodine vapor and radioactive particles
that may occur as a result of normal primary system leakage inside the containment. These
Page 166 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

fans are used during MODES 1 and 2 prior to containment entries and when containment
radioactivity levels are high. The system consists of two fans and filter plenums. Each fan is
rated at 5 hp and 5100 cfm. Each filter unit has six high efficiency particulate air filter cells
rated at 6000 cfm and 16 charcoal filter cells rated at 5280 cfm. The air flow path is from the
fan suction through a discharge damper and plenum entry damper (both air-operated) to the
filter plenum and exhausts above the refueling cavity area. The fan discharge and plenum
entry dampers are interlocked to open fully when the fan is started and to close when the fan
is stopped. (See Drawing 33013-1864.)
9.4.1.2.7

Containment Post-accident Charcoal Filter System

Two of the containment air handling units have their air discharge routed automatically
during an accident condition through charcoal filters before being discharged onto the
operating floor area of containment. These post-accident charcoal filters are designed to
remove iodine and/or radioactive particulates following an accident. The inlet valves to the
filter plenums are air-operated, spring-loaded butterfly valves with control solenoids. Upon a
loss of control signal or power, the valves are spring-loaded to open directing air through the
filters as air pressure bleeds off. Each charcoal filter bank has 120 cells originally rated at
38,000 cfm. (See Section 6.5.1.2.1 for the latest rating figures.)
Each charcoal filter plenum also includes a dousing system (part of the containment spray
discussed in Sections 6.2.2.2 and 6.5.1.2).
9.4.1.2.8

Containment Shutdown Purge System

The containment shutdown purge system is independent of the main auxiliary building
exhaust system and includes provisions for both supply and exhaust air. The supply system
includes an outside air connection to roughing filters, heating coils, fans, duct system, and
supply penetration with a butterfly valve outside containment and a blind flange inside
containment. The exhaust system includes an exhaust penetration with a butterfly valve and
a blind flange identical to those above, a duct system, a filter bank with high efficiency
particulate air and charcoal filters, fans, and a building exhaust vent. The charcoal filters are
of the same type as those used in the post-accident system (Section 9.4.1.2.7). Both supply
and exhaust systems include two fans with isolating dampers so that purging can be
performed using one supply and exhaust fan or both supply and exhaust fans. Minimum
design flow for operation using one supply and exhaust fan is 10,000 cfm assuming clean
filters. (See Drawings 33013-1865 and 33013-1866.)
The shutdown purge supply and exhaust duct blind flanges inside the containment are closed
during MODES 1, 2, 3 and 4. The blind flanges are equipped with double O-ring seals.
Leakage can be checked periodically by pressurizing the duct between the blind flanges and
butterfly valves outside containment. The outboard valves are designed for rapid automatic
closing by a containment isolation signal or upon a signal of high activity level within the
containment ventilation system. The blind flanges can only be removed during cold and
MODE 6 (Refueling) shutdowns. The flanges and associated double seals provide
containment isolation and are a containment boundary for MODES 1, 2, 3 and 4. During
cold and MODE 6 (Refueling) shutdown, when the flanges are removed, closure of the
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containment penetration is provided by the butterfly valves outside the containment. See also
Section 6.2.4.4.9.
The steam heating system is part of the containment purge system. It heats inlet air if outside
temperatures are excessively low. System preheaters and two reheaters are supplied with
100-psig steam through a flow control valve which is thermostatically controlled. Steam
pressure is normally reduced to 2 psig. Each reheater is rated at 94,600 Btu/hr and drains to
the intermediate building floor drains. The heater coils will automatically receive steam
when outside air supply temperature falls below 50F.
9.4.1.2.9

Containment Mini-Purge System

The containment mini-purge system is capable of purging containment during MODES 1 and
2 at a relatively low flow rate (approximately 1500 cfm). The exhaust is through a 6-in. line
to the auxiliary building charcoal filters. See Drawing 33013-1870. The exhaust line has an
automatic air-operated butterfly isolation valve inside and outside containment. The supply
system includes a 2000-cfm rated blower for supplying ambient air from inside of the
intermediate building through a 6-in. line penetrating containment with air-operated, butterfly
type, automatic inboard and outboard isolation valves. (See Drawing 33013-1865.) The
supply and exhaust system isolation valves are capable of closing fully against 60 psig in a
maximum of 2 sec after receiving an isolation signal. Operation of the mini-purge system is
remote manual from the control room. It is intermittent and may be started, operated, and
secured during all normal modes of plant operation. The containment isolation valves are
quality Group B, Seismic Category I. Their control circuitry is Class 1E, Seismic Category I.
(See also Section 6.2.4.4.)
The mini-purge system is connected to the plant vent. The system is automatically isolated
on high radiation in containment. To ensure the containment sample monitored by the
radiation detectors (R-11 and R-12) is representative of the containment atmosphere, at least
one recirculation fan is required to be in operation during mini-purge operation.
9.4.1.2.10

Penetration Cooling System

Two penetration cooling fans are provided to cool hot mechanical penetrations. Each fan is
powered from a separate motor control center. One cooling coil serviced from the service
water (SW) system provides the heat sink. (See Drawing 33013-1866.) The inlet air
ductwork to the fans draws outside air from the auxiliary building roof. The ductwork
includes a backflow preventer to minimize the potential of an unmonitored radioactive
discharge from the auxiliary building to the outside. The ductwork also includes a steam
heating coil with a temperature control system that keeps the air temperature at the discharge
of the containment penetration cooling fans, upstream of the cooling coil, in the range of
60F to 65F.
The containment penetration cooling system is designed to prevent the bulk concrete
temperature surrounding the penetrations from exceeding 150F.
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9.4.2
9.4.2.1

AUXILIARY BUILDING VENTILATION SYSTEM
Design Basis

The auxiliary building ventilation system (ABVS) is designed to meet the following principal
criteria:
A. Ensure adequate heat removal from equipment rooms and open areas such that ambient
temperature limits are not exceeded. Conservatively estimated design parameters, dictated
by the requirements for engineered safety features operation and by good engineering
practice, were used to establish ambient temperature limits. An evaluation of heat loads
and temperatures in the auxiliary building following a loss of offsite power was conducted
as part of the RG&E environmental qualification program. It was shown that required
ambient conditions were not exceeded even with the minimum complement of ventilation
equipment available (Reference 1).
B. Control the direction of flow of airborne radioactivity from areas of low activity toward
areas of higher activity.
9.4.2.2
9.4.2.2.1

System Design and Operation
System Design Objective

The auxiliary building ventilation system (ABVS) provides clean, filtered, and tempered air
to the operating floor of the auxiliary building. Air from within the Auxiliary Building
sweeps the surface of the decontamination pit and spent fuel pool (SFP). The system
exhausts air from the equipment rooms and open areas of the auxiliary and intermediate
buildings, the decontamination pit area, and spent fuel pool (SFP) area through a closed
exhaust system. The exhaust system includes a 100% capacity bank of high efficiency
particulate air filters and redundant 100% capacity fans discharging to the atmosphere via the
plant vent. This arrangement ensures the proper direction of air flow for removal of airborne
radioactivity from the auxiliary building. The auxiliary building main exhaust fans have inlet
flow control dampers that modulate automatically to maintain an acceptable negative
pressure at the fan's suction header. On receipt of a high radiation alarm, the auxiliary
building supply fans and all exhaust fans of the system are tripped except those exhausting to
the plant vent through the charcoal filters.
The auxiliary building ventilation system (ABVS) is included in Drawings 33013-1869
through 33013-1872.
9.4.2.2.2

Charcoal Filter Circuit

A separate charcoal filter circuit is included in the auxiliary building exhaust system which
exhausts from rooms where fission product activity may accumulate during MODES 1 and 2
in concentrations exceeding the average levels expected in the rest of the building. Following
a loss-of-coolant accident, this filter circuit is capable of providing exhaust ventilation from
the areas containing pumps and related piping and valving which are used to recirculate
containment sump liquid.
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A full-flow charcoal filter bank is provided in the circuit, along with two 50%-capacity
exhaust fans. The air-operated suction and discharge dampers associated with each fan are
interlocked with the fan such that they are fully open when the fan is operating and fully
closed when the fan is stopped. These dampers fail to the open position on loss of control
signal or control air. Each fan is connected to a separate emergency power bus, but both fans
can be operated from the same bus after passage of the peak post-accident diesel loading.
The charcoal filter fans discharge through the 1G exhaust fan to the main auxiliary building
exhaust system containing the high efficiency particulate air filter bank. A fail open damper
is installed in a bypass circuit around the two main exhaust fans to ensure a path for the
charcoal and high efficiency particulate air filtered exhaust to the plant vent if the main
exhaust fans are not operating.
9.4.2.2.3

System Operation

The auxiliary building ventilation system (ABVS) provides a minimum of six air exchanges
per hour for each of the rooms and open areas of the building; this ensures adequate heat
removal from most operating equipment. However, a total of seven separate cooling units
are provided for safety-related pumps. Two redundant cooling units each are provided for
both the charging pump room and the residual heat removal pump pit. Three cooling units are
provided for the safety injection and containment spray pumps, headered into a common set
of ductwork. The coils for the safety injection and containment spray pumps have been
blanked off such that the associated fans are operable but the air is no longer cooled by
service water (SW). One unit is powered from bus 14, one from bus 16, and one has a
swing unit design during automatic fan operation mode that is not used. This unit is
preferentially loaded from a bus 16 source, with a bus 14 source (breaker) available through
manual transfer. The cooling units are operated whenever any of the associated pumps are in
service and are designed with separation of cooling water and electrical services, and
provision for operation on emergency power. These cooling units consist basically of a fan,
a water-cooled heat exchanger and ductwork for circulating cooled air to the residual heat
removal and charging pump rooms, and to an area near the safety injection and containment
spray pump motors.
The cooling units are designed and installed in accordance with Seismic Category I criteria.
However, since at least one charging pump is run intermittently/continuously for normal plant
operation, a charging pump cooling unit may be run intermittently/continuously to cool the
pump motor(s) to extend equipment life. Charging pumps are not required to survive a harsh
environment. Also, each cooling unit is sufficient to maintain acceptable room temperatures
with the minimum number of charging pumps required for system operation in service. The
remaining five room coolers are not required for the operation of their associated pump
motors even with both trains of engineered safety features operating (Reference 2).
Ventilation for the decontamination pit area and spent fuel pool (SFP) area is provided by the
main auxiliary building supply and exhaust system (see Section 9.4.4). Operation of these
systems would be interrupted by a loss of normal power supplies, as the main supply and
exhaust fans are not vital to operation of engineered safety features equipment and are not
among the loads operable from the emergency diesel power supplies. However, a reduced
quantity of air is circulated and exhausted by redundant fans in separate exhaust paths,
bypassing the main exhaust fans via the auxiliary building exhaust fan bypass damper. The
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main auxiliary building exhaust fans can be returned to service upon restoration of the normal
power supplies.
9.4.2.3
9.4.2.3.1

System Components
Auxiliary Building Air Handling Unit

The air handling unit consists of an outside air inlet, damper, roughing filters, heating coils,
discharge heating coils, and dampers. Associated with the unit, one supply fan 1A supplies
air to the new fuel area, general operating floor area, drumming station, and general area.
Supply fan 1B supplies air to the spent fuel pool (SFP) area and the decontamination pit (see
Drawing 33013-1872).
9.4.2.3.2

Auxiliary Building Exhaust Fan 1C

Exhaust fan 1C draws air from the spent fuel pool (SFP) and decontamination pit areas and
discharges through a damper to the plant discharge header (see Drawing 33013-1871).
9.4.2.3.3

Auxiliary Building Exhaust Fans 1A and 1B

Auxiliary building exhaust fans 1A and 1B are the main fans and each has a 100% capacity
(see Drawing 33013-1871). The fans discharge to the plant vent stack. Air flows through the
high efficiency particulate air filter, pressure alarms, minimum static pressure controller,
dampers, exhaust fans, and bypass damper. A fail open bypass damper is installed around the
main exhaust fans to ensure a path for charcoal filtered exhaust to the plant vent if main
exhaust fans 1A and 1B are not operating. This bypass damper opens if no exhaust fans are
operating in order to start an auxiliary building charcoal filter fan. Dampers on the auxiliary
building exhaust fans are interlocked with the fan starting circuit.
9.4.2.3.4

Auxiliary Building Exhaust Fan 1G

To assist in the removal of any airborne radioactivity, exhaust fan 1G takes suction from the
following areas and discharges through high efficiency particulate air and charcoal filters to
the plant discharge header (see Drawing 33013-1870):
A. General intermediate floor area.
B. Gas stripper.
C. Waste gas compressor.
D. Holdup tank rooms.
E. Spent fuel pool (SFP) filter area.
F. Evaporator areas.
G. Basement floor area.
H. Spent resin storage tank.
I.

Chemical holdup tank.

J.

Containment spray pump area.

K. Nonregenerative heat exchanger area.
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L. Seal-water heat exchanger area.
M. Demineralizer and ion exchanger areas.
N. Boric Acid Tank Area
O. Drumming Station Area
P. RWST Vent
Q. CCW Surge Tank Vent
R. General Operating floor area
The charcoal filter associated with auxiliary building exhaust fan 1G is protected by an
automatic fire suppression system.
9.4.2.3.5

Auxiliary Building Charcoal Filter Fans 1A and 1B

Charcoal filter fans 1A and 1B include the charcoal filter bank and suction and discharge
dampers (interlock) (see Drawing 33013-1870). A low-flow alarm is associated with the
fans. The fans are each 50% capacity and take a suction from the following areas:
A. Leakoff collection tank.
B. Residual heat removal pump pit.
C. Residual heat removal heat exchanger pit.
D. Gas decay tank rooms.
E. Waste evaporator vent and air ejector discharge (system physically removed in 1999).
F. Boric acid evaporator air ejector discharge.
G. Charging pump rooms.
H. Concentrates holdup tank and pump rooms.
I.

Volume control tank and reactor coolant filter area.

J.

Containment mini-purge exhaust.

9.4.2.3.6

Penetration Cooling Fans 1A and 1B

Penetration cooling fans 1A and 1B supply intermediate and auxiliary building penetrations
through a cooling coil (see Drawing 33013-1866).
9.4.2.3.7

Pump Area Coolers

Coolers are provided for the residual heat removal, charging, safety injection, and
containment spray pumps (see Section 9.4.9.1).
9.4.2.3.8

Intermediate Building Supply and Exhaust Fans

The intermediate building ventilation system includes a supply fan that exhausts air from the
intermediate building cleanside to the intermediate building restricted area side. Two
additional exhaust fans, which are located in the intermediate building restricted area side,
draw ventilation air from various areas of both the clean and restricted area sides of the
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intermediate building and discharge to the auxiliary building discharge header plant vent
duct. Ventilation air is provided to the intermediate building cleanside through louvered,
pneumatically controlled outside air intake dampers, which are located in the east wall of the
intermediate building. The dampers will open when the outside air temperature reaches
approximately 50F and close when the outside air temperature falls below approximately
50F. Additional ventilation air capability is available to be drawn into the intermediate
building cleanside from the turbine building through a louvered wall opening, which is
installed in front of a rolling fire door installed in the fire barrier wall. Additional exhaust air
capability is provided to the intermediate building cleanside from four roof ventilators of
approximately 78,400 cfm total capacity (see Drawings 33013-1871 and 33013-1872).
An additional exhaust fan is mounted on the existing grating at the west end of the
intermediate building cleanside, near column G3 at elevation 278 ft 4 in. The fan is intended
to enhance air movement from the intermediate cleanside basement to the building roof
exhaust fans.
9.4.2.3.9

Steam Isolation Dampers

Steam isolation dampers are installed to minimize the potential for steam to pass through the
wall that divides the clean side of the intermediate building from the restricted area side in the
event of the design-basis high-energy line break, although this function is not credited in the
Ginna Station current licensing basis, per Section 3.6.2.5.1.2. Three dampers are located at
the wall at the points where the following ventilation systems pass through the wall:
A. Auxiliary building exhaust system.
B. Intermediate building exhaust system.
C. Intermediate building supply system.
To provide redundancy against mechanical failure, two isolation dampers are installed back to
back in each line. The dampers in all three systems are electrically connected to individual
trip and alarm systems with redundant control achieved through the use of electro-thermal
type fusible links designed to release the dampers at a maximum of 165F. (See Drawings
33013-1871 and 33013-1872.)
9.4.2.4
9.4.2.4.1

System Evaluation
Effect of Loss of Cooling on Pumps and Valves

Section 9.4.2.4.1 is retained for historical purposes. The auxiliary building transient heatup
results discussed in this section have been superseded by the revised heatup analysis
discussed in Section 9.4.2.4.2.
An engineering evaluation of the auxiliary building was conducted to determine the effects of
loss of cooling on the operability of safety-related pumps and valves (Reference 3). The
residual heat removal pumps pit, basement level, intermediate level, and operating level were
examined assuming a loss of all ventilation concurrent with a large break loss-of-coolant
accident or an emergency cooldown condition (e.g., steam line break in containment). The
equipment considered was the safety injection pumps, containment spray pumps, residual heat
removal pumps, and their associated valves. The temperature rise in the areas of
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concern was determined by applying the RHU computer code (Reference 4) modified to
represent the specific area and building configurations. The heat sources considered were
pumps, piping, solar effects, and lighting in the areas. The evaluation concluded that the
equipment would be capable of operating in the resultant environment for the durations
required to mitigate the accident. Detailed results are provided below.
The basement level east end contains the high-head safety injection and containment spray
pumps. The primary heat load to this area comes from the pump motors and piping. During
a loss-of-coolant accident, ambient temperatures rise to about 108F in the first 25 minutes of
the event and stabilize at 94F after 20 hours. Temperatures are slightly lower during an
emergency cooldown condition due to less run time of the subject pumps. The pump motors
and necessary valves for the containment spray and safety injection pumps are qualified for
these environments (Reference 2).
Due to the large amount of uninsulated piping and relatively small volume in the residual heat
removal pump pit, the ambient temperature rises to 149F approximately 13 hours into the
event during emergency cooldown conditions. This elevated temperature is maintained
throughout the event since the residual heat removal system is realigned after the injection
phase. During a loss-of-coolant accident, the ambient temperature also rises to 149F, but
not until 72 hours into the event. The contribution of the containment wall as a heat source
and the temperature of the sump fluid during the recirculation phase contribute to these
conditions. The residual heat removal pump motors are qualified for these environments
(Reference 2).
The engineering evaluation also considered the effect of operating a single cooling unit with
one tube plugged in the residual heat removal pump pit. For this configuration, the ambient
temperature would rise to 106F during emergency cooldown conditions and stabilize at
98F. Since these temperatures are bounded by the above scenario, the residual heat removal
pumps would remain operable during these conditions.
All other areas of the auxiliary building that were evaluated remained below 104F throughout the accident.
9.4.2.4.2

Revised Auxiliary Building Loss of Cooling Analysis

As a result of the 1997 NRC design inspection (architect/engineer inspection) of the Ginna
Nuclear Power Plant (Reference 6), the NRC identified three non-conservatisms with the
original engineering evaluation (Reference 3). The three non-conservative areas identified
were:
•

Initial auxiliary building ambient temperature less than maximum temperature for normal
plant operation.

•

Initial refueling water storage tank (RWST) temperature less than the maximum allowable
tank temperature.

•

Failure to assume a 50 gpm residual heat removal (RHR) pump seal leak twenty-four (24)
hours following the design basis loss-of-coolant accident (LOCA).
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To address the NRC concerns, the transient heatup of the auxiliary building following a
design basis loss-of-coolant accident (LOCA) was reanalyzed with the GOTHIC computer
program (Reference 7). The GOTHIC program was first benchmarked against the original
results (Reference 3). This benchmarking indicated that the GOTHIC peak room
temperatures were comparable to those calculated by Reference 3, with GOTHIC typically
calculating slightly higher peak room temperatures. Based upon this benchmark, GOTHIC
was then used to investigate the impact of the non-conservatisms identified by the NRC
inspection (Reference 6) on the auxiliary building transient temperature profiles following a
design basis loss-of-coolant accident (LOCA).
The GOTHIC reanalysis (Reference 8) of the auxiliary building heatup included a parametric
study of the individual impact of the three non-conservatisms on peak room temperatures.
Increasing both the initial auxiliary building ambient temperature and the initial refueling
water storage tank (RWST) temperature resulted in a 2F to 5F increase in peak room
temperatures. Assuming a 50 gpm residual heat removal (RHR) pump seal leak 24 hours
after the LOCA caused the RHR pump room temperature to increase by 12F with no
noticeable impact on any of the other areas of the auxiliary building.
As a result of the increased peak temperatures calculated by Reference 8, the environmental
qualification of all safety-related equipment inside the auxiliary building was reviewed. The
review determined that all safety-related equipment was still capable of performing their
safety-related functions. Typically, the magnitude of the increase in peak temperatures
combined with the short duration of the temperature increase resulted in a negligible
decrease in equipment qualified life that did not affect operability of the equipment.
9.4.2.4.2.1

AUXILIARY BUILDING TEMPERATURE WITH MINIMUM SERVICE
WATER FLOW

In addition to the three NRC concerns described in 9.4.2.4.2, Reference 8 also evaluated the
impact of terminating spent fuel pool (SFP) cooling immediately following a design basis
loss-of coolant accident (LOCA) on the auxiliary building peak temperatures.
With SFP cooling isolated, the auxiliary building operating level may heat up to 131F in the
first 26 hours following the design basis loss-of-coolant accident (LOCA) due to heat loss
from the spent fuel pool (SFP) to the operating level of the auxiliary building. The
temperatures of the lower levels of the auxiliary building were unaffected by the termination
of cooling to the spent fuel pool (SFP).
Finally, Reference 8 evaluated the combined effects of the three NRC concerns and the
termination of spent fuel pool (SFP) cooling on the auxiliary building peak temperatures
following a loss-of-coolant accident (LOCA). The operating level peak temperature was
calculated to be 131F due to convective heat transfer from the spent fuel pool to the
auxiliary building operating level. The residual heat removal (RHR) pump room peak
temperature was determined to be 166F due to the 50 gpm residual heat removal (RHR) pump
seal leak. All of the other areas of the auxiliary building had peak temperatures of
approximately 110F or less.
The peak auxiliary building temperatures are summarized in UFSAR Table 3.11-1.
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9.4.2.4.3

Effect of Loss of Offsite Power on Ventilation Flow

The above engineering evaluation also examined the ventilation flow in the auxiliary building
and intermediate building to determine if on a loss of offsite power, the flow would be
reversed such that the direction of flow of airborne radioactivity would not be from areas of
low activity toward areas of higher activity. It was determined that in all cases analyzed for
loss of offsite power and for ventilation isolation from a high radiation signal there would be
no backflow through any path from areas of higher radiation to areas of lower radiation.
9.4.3

CONTROL ROOM AREA VENTILATION SYSTEM

The function of the control room area ventilation system is to provide a controlled
environment for the safety and comfort of control room personnel and to ensure the
operability of control room components during normal operating, anticipated operational
transient, and design-basis accident conditions. The control room area ventilation system
design is shown in Drawing 33013-1867 and is discussed in Section 6.4.
9.4.4

SPENT FUEL POOL AREA VENTILATION SYSTEM

The spent fuel pool (SFP) area ventilation system is a part of the auxiliary building ventilation
system (ABVS) shown in Drawing 33013-1871. The system serves to control airborne
radioactivity in the spent fuel pool (SFP) area during normal operating conditions. This is
accomplished by directing air from within the auxiliary building across both the spent fuel
pool (SFP) and the decontamination pit to exhaust air ducts which are connected to the
suction of the auxiliary building exhaust fan C. Exhaust air from the spent fuel pool (SFP)
water surface is drawn through roughing filters and, depending on system alignment,
charcoal filters. Discharge from the auxiliary building exhaust fan C passes through HEPA
filters, a main auxiliary building exhaust fan, and then out the plant vent.
The original design flow rate for the SFP charcoal filters was 20,000 cfm. However, system
operability for Technical Specifications is based upon limiting degradation of air flow from
the new condition plus maintaining a negative pressure in the auxiliary building. The actual
analysis of a fuel handling accident is independent of system air flow and is discussed in
Section 15.7.
The system is also credited for control of airborne radioactivity in the SFP area during
anticipated operational transient. However, the system is not designed for consideration of loss
of offsite power or other single failures.
9.4.5

TURBINE BUILDING VENTILATION SYSTEM

The turbine building, while not requiring a heating, ventilation, and air conditioning system,
uses roof vent fans, wall vent fans, windows, and unit heaters for ventilation and temperature
control. The system is shown in Drawings 33013-1873 and 33013-1874. The fans are not
supplied by emergency (diesel generated) power, and loss of these fans would not be critical
to a safe shutdown.
In the turbine building, the main feedwater pump room and feedwater pump equipment
cooling systems use a mixture of outside air and room air to control the room and equipment
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temperatures. No mechanical means of heating or cooling is used. A temperature control
system controls the feedwater pump room return air dampers and equipment outside air
dampers that admit air to the equipment air supply fan plenum mixed at a setpoint
temperature. The equipment cooling air discharges into the feedwater pump room above the
feedwater pump motors in the general vicinity of the motor air intakes. A mixture of outside
air and room air enters the feedwater pump motor enclosures, providing the required motor
cooling. The room temperature control system controls separate outside air inlet dampers to
the feedwater pump room and two feedwater pump room exhaust fans to control feedwater
pump room temperature. The feedwater pump room supply fan outside air dampers and
room exhaust air dampers fail open to provide cooling on loss of instrument air to the
temperature control system.
The room return air dampers and the feedwater pump room outside air inlet dampers fail
closed on loss of instrument air to the temperature control system. Loss of ac power to the
equipment supply and room exhaust fans would result in loss of cooling. High feedwater
pump winding temperature is alarmed in the control room.
9.4.6

SERVICE BUILDING VENTILATION SYSTEM

The service building ventilation system, shown in Drawings 33013-1875 through 33013-1879
and 33013-1881, consists of six air handling units serving the various areas of the service
building. Air from uncontaminated areas is exhausted through roof exhaust fans. Air from
areas of potential contamination, such as laboratories equipped with hoods, are exhausted
through the controlled intermediate building controlled access area exhaust fans.
The kitchen hood suppression system in the cafeteria will exhaust smoke and wet chemical
agent upon system activation. This is supported by the service building air handling units.
Controlled Access Area Fans 1A and 1B
Controlled access area fans 1A and 1B include high efficiency particulate air and charcoal
filter banks, a low-flow alarm, dampers, and fans (see Drawing 33013-1875). These fans
take suction from the following areas and discharge to the Auxiliary Building HEPA filter
vent which is exhausted by the main Auxiliary Building exhaust system to the main vent
header:
A. Men’s and women’s decontamination general areas.
B. Radiation protection and chemistry office general area.
C. Primary sample room general area.
D. Primary sample hood.
E. Primary and secondary sample lab hoods.
F. Hot shop general areas.
9.4.7
9.4.7.1

ALL-VOLATILE-TREATMENT BUILDING VENTILATION SYSTEM
Introduction

This system provides ventilation and heating to maintain required temperatures for the allvolatile-treatment (condensate demineralizer) building and the condensate booster pump area
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of the turbine building. The system is designed for the following temperature conditions (see
Drawing 33013-1874):
A. Outside design temperature.
1.

Summer 95F, dry bulb, 75F, wet bulb.

2.

Winter -5F, dry bulb.

B. Inside design conditions.
1.

Maximum 104F (40C), dry bulb.

2.

Minimum 40F.

9.4.7.2
9.4.7.2.1

Summary Description of the System
Compressor and Booster Pump Area Ventilation System

Ventilation is provided to the compressor and booster pump area by two 50% capacity fans
supplying outside air. One fan is thermostatically started upon a rise in room temperature.
Temperature control of the area is accomplished by modulation of the outside air intake
damper and the recirculation damper. The room thermostat has a proportional output signal
which is fed to a low-pressure selector. The output of the pressure selector modulates the
outside and return air damper operators. When the room temperature rises above the
thermostat setting, the outside air damper opens and the recirculation damper closes to a
position which is proportional to the temperature deviation between the actual room
temperature and the setpoint. The cooler outside air will then mix with the recirculation flow
and lower the temperature in the room. During winter conditions, cold outside air could
bring the duct air temperature down to undesirable low temperatures. The duct air
temperature is therefore measured by a pneumatic pressure transmitter. The signal from the
transmitter is fed to a controller with an internal adjustable setpoint. The output signal from
the controller is the second input to the low-pressure selector. For low duct air temperatures,
the signal from the room thermostat will be blocked in the low-pressure selector and the
pressure signal from the controller will modulate the damper operator to maintain a duct air
temperature of 60F.
The two 50% capacity supply fans are automatically controlled by individual room
thermostats. The first fan is started at a preset room temperature by the same thermostat
which was utilized for temperature control of the intake air dampers. The output signal from
the thermostats actuates a pressure switch which starts the fan. Should the temperature
continue to rise, the second room thermostat will actuate its pressure switch, which will start
the second fan.
A pneumatic switch has been provided by which each thermostat can be connected to control
any of the two fans.
A temperature switch is located in the discharge duct for each fan. This switch will trip the
fan on high temperature.
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9.4.7.2.2

Demineralizer Area Ventilation System

Two supply fans of 50% capacity and four exhaust fans of 25% capacity ventilate this area.
The function and modulation of air supply fans are as described for the compressor and
booster pump area. Two of the four exhaust fans are switched into operation when the first
supply fan starts. The other two exhaust fans start when the second supply fan is started.
An electric heating coil is capable of heating the released air of the high and low conductivity
waste tanks above its saturation limit. The heater could be put into operation as soon as the
air blower starts. The coil is deenergized when the air blower stops. The discharge from the
common header is brought to one of the exhaust openings of the all-volatile-treatment
exhaust system. The heater unit is classified as a non-nuclear safety system.
9.4.7.2.3

Demineralizer Area Control Room System

One system of 100% capacity ventilates and heats this room. The system operates
continuously. As the outside temperature drops below a predetermined level, the outside air
damper closes and the unit goes on recirculation. As the room temperature drops below the
thermostat setting, a steam heating coil provides heat for the room. The roughing filter in this
system prevents excessive dirt or insects from being drawn into the control room. Two
temperature switches are located in the fan discharge duct. One switch will trip the fan on
high temperature while the other switch trips the fan on low temperature.
9.4.7.2.4

Heating System

Steam and electric unit heaters supply heat to the demineralizer area control room and to the
demineralizer area as required. The electric unit heaters in the demineralizer area and the
control room are standby heaters used in the event of malfunction of the steam heaters.
9.4.8

TECHNICAL SUPPORT CENTER VENTILATION SYSTEM

9.4.8.1

System Description

The technical support center heating, ventilation, and air conditioning system consists of the
following subsystems in the technical support center (Drawing 33013-1256):
A. Central heating, ventilation, air conditioning, and charcoal filter system.
B. Office air conditioning system.
C. Mechanical equipment room cooling system.
D. Diesel generator room cooling system.
E. Battery room cooling system.
F. Uninterruptible power system room cooling system.
G. Computer room air conditioning system.
H. Toilet and kitchen exhaust system.
I.

Battery, diesel, and corridor heating system.
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J.

Mechanical equipment room heating system.

In addition to maintaining year-round occupancy comfort levels, the heating, ventilation, and
air conditioning system provides personnel protection from airborne radiological
contaminants, maintains a positive pressure in the emergency mode relative to the outside,
and provides cooling, heating, and ventilation required by special areas.
The central heating, ventilation, air conditioning, and charcoal filter system serves the
occupied areas of the building by providing three modes of operation: normal with
mechanical cooling or cool outside air, normal with steam heating, and emergency with
mechanical cooling, steam heating, and charcoal filtering. A flow controller is used to
throttle the charcoal filter inlet dampers to ensure that the maximum design rate of 3000 cfm
is not exceeded. The main air handler fan can move up to 9300 cfm of air. A relief damper
opens under the control of a differential pressure controller to maintain a 1/8-inch water
gauge (0.125 in. wg 10%) differential pressure in the conditioned area when in the
emergency mode.
The administrative computer room office is air conditioned by the technical support center
central system. The administrative computer room is cooled by a packaged service-watercooled air conditioning unit. The function of the packaged unit is to provide the proper
computer room environment for the administrative computer system.
Cooling systems for the mechanical equipment room, diesel generator room, battery room,
and uninterruptible power system room induce outside air for cooling by means of exhaust
fans.
The plant process computer system (PPCS) and safety parameter display system (SPDS)
computer room is cooled by two packaged air conditioning units. These units are the aircooled type with the condensers placed outside on the roof. Each unit is sized for 100% of the
total room heat gain. The technical support center central heating, ventilation, and air
conditioning system is also ducted to the computer room and provides backup in the event of
failure of the packaged units. The function of the packaged units is to provide the proper
computer room environment for the plant process computer system and safety parameter
display system computers.
The kitchen and toilet rooms are exhausted by a fan inducing air from the occupied areas.
The battery room, diesel room, and corridor are provided with warm air from the
uninterruptible power system room by separate circulating fans.
The mechanical equipment room is heated with a steam unit heater.
9.4.8.2
9.4.8.2.1

System Operation
Cooling Systems

A thermostat sensing outside air temperature above or below 60F (adjustable) indexes
operation to mechanical or outside air cooling.
When the system is indexed to mechanical cooling, the outside air damper and the
recirculated air damper open to a pre-established setting to admit approximately 600 cfm of
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outside air. A thermostat sensing mixed air temperature maintains the mixed air temperature by
modulating (loading/unloading and cycling) the air conditioning compressor capacity. Zone
thermostats maintain local space temperature by varying air volume.
When the system is indexed to outside air cooling, the outside air damper and the recirculated
air damper are modulated by a thermostat sensing mixed air temperature. Zone thermostats
maintain local space temperature by varying air volume. The amount of outside air admitted
does not fall below 400 cfm.
The diesel generator room exhaust fan and air intake dampers are controlled by a room
thermostat when the diesel is not operating. When the diesel is operating, the room exhaust fan
is off, but both air intake dampers are open and the diesel generator skid exhaust fan operates.
The mechanical equipment room exhaust fans and air intake damper are controlled by a twostep thermostat. The uninterruptible power source room exhaust fan and air intake damper
are controlled by a room thermostat. The battery room exhaust fan and air intake damper are
controlled by a room thermostat.
9.4.8.2.2

Heating Systems

The air conditioning and charcoal filtering system heating is provided by steam being
admitted to the air handling unit heating coil. Space heating thermostats control the space
temperature by modulating the air handling unit dampers and variable air volume boxes as
required by the space conditions.
Additional heating capabilities are provided to several perimeter office areas by electric
reheat coils that are controlled by individual space heating/cooling thermostats.
The battery room heating fan operates when the room temperature falls below the setpoint of
the room heating thermostat. A receptacle has been provided in the technical support center
south corridor for connection of a portable electric heater if needed to provide heating
capabilities.
The diesel generator room heating fan operates when the room temperature falls below the
setpoint of the room heating thermostat. The room is also provided with space electric
heaters, which operate as needed.
The corridor heating fan operates when the corridor temperature falls below the setpoint of
the corridor heating thermostat.
The mechanical equipment room unit heater fan operates whenever the room temperature
falls below the setpoint of the room heating thermostat.
The toilet and kitchen exhaust fan operates continuously, except during an emergency
operating mode.
9.4.9

ENGINEERED SAFETY FEATURES VENTILATION SYSTEMS

The engineered safety features ventilation systems include those ventilating and cooling
systems that service equipment required either following an accident or to ensure safe plant
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shut-down. Equipment and/or areas serviced by these ventilating and cooling systems
include the following:
A. Engineered safety features equipment.
B. Relay room.
C. Battery rooms.
D. Essential auxiliary systems.
E. Diesel generator rooms.
F. Standby auxiliary feedwater system.
G. Post-accident fan coolers and charcoal filter system.
9.4.9.1

Engineered Safety Features Equipment Ventilation and Cooling

Safety Injection System
The safety injection system includes the high-pressure safety injection pumps located in the
basement level of the auxiliary building and the residual heat removal pumps located in the
subbasement level of the auxiliary building. The safety injection pump drive motors are
cooled by redundant, stand-alone air cooling units which are shared with the containment
spray pumps and from which the cooling air is ducted to a point adjacent to the cooling intake
vents of each drive motor. The residual heat removal pump room coolers are also redundant
stand-alone air cooling units. The cooling units are comprised of a water-cooled heat
exchanger and a blower. Service water (SW) is the cooling medium. The coolers are
designed to Seismic Category I criteria. (See Drawing 33013-1869.) However, none of these
air cooling units are required for operation of the pumps (Reference 2), and the coils for the
safety injection pumps have been blanked off since 1992 such that the associated fans are
operable but the air is no longer cooled by service water (SW).
Containment Spray System
Cooling of the containment spray pump drive motors on the basement level of the auxiliary
building is by the redundant cooled air-cooling units shared with the safety injection pump
motors and described above. The cooling air is ducted to a point adjacent to the cooling
intake vents of the two drive motors, in a similar manner, as for the safety injection pump
motors. (See Drawing 33013-1869.) These air cooling units are not required for operation of
the containment spray pumps (Reference 2), and the coils for the containment spray pumps
have been blanked off since 1992 such that the associated fans are operable but the air is no
longer cooled by service water (SW).
9.4.9.2

Relay Room

The relay room contains two self-contained, water-cooled air-cooling units that maintain a
low normal room temperature during MODES 1 and 2 (see Drawing 33013-1868).
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9.4.9.3

Battery Rooms

Ventilation of the battery rooms is provided by two propeller exhaust fans that take suction
from the battery rooms and discharge to a common exhaust duct. (See Drawing 33013-1868.)
The battery room air conditioning unit includes a refrigeration unit, an electric heating coil,
and a fan. The unit provides approximately 2900 cfm of supply air to the battery rooms; of
which approximately 2500 cfm is return air from the battery room propeller fans and 400 cfm
is makeup air taken from the air handling room. Exhaust air from the control room HVAC
system is released into the control building air handling room and fresh outside air can enter
the room through a separate outside air intake duct. The system provides sufficient makeup
air and return air to maintain hydrogen in the battery rooms below the lower flammability
limit.
Ideal battery room temperature is between 75 and 77F to allow optimum battery life. Sizing
of the batteries was based upon an assumed electrolyte temperature equal to the 55F
Technical Specifications minimum temperature for operability. Worst case battery
temperature calculations that assume a 71F room temperature at the start of a station blackout
predict battery temperatures of 68F after 4 hours and 65F after 8 hours. The worst case
hydrogen generation calculation assumes 104F as the maximum battery temperature.
In the event of failure of the main air handling unit, air flow switches will actuate the two
normally closed dampers in the battery rooms to provide a flow path from the air handling
room through the battery rooms by way of the battery room propeller fans. In the event of
loss of ac power to the battery room ventilation system, air flow switches installed
downstream of each battery room propeller fan would annunciate in the control room on low
air flow in either battery room. A manually actuated backup fan, powered by the dc batteries,
supplies air from the air handling room to both battery rooms by the opening of two normally
closed volume dampers installed in the battery room block walls. Automatic actuation of the
dc-powered backup fan is not required since hydrogen buildup from battery charger
operation would not be excessive or immediate. If the battery chargers are not in operation,
such as during a station blackout, hydrogen generation would not occur.
An analysis was performed with no credit taken for the dc-powered fan and with the acpowered propeller fans and air conditioning unit not operating to determine the maximum
temperatures in the battery rooms. The results showed that the environmental service
conditions for the battery rooms in Table 3.11-1 would not be exceeded after 5 hours,
assuming the initial temperature had been 77F. The unacceptable hydrogen concentration
level of 2% would not be exceeded until after 73.3 hours, with both batteries being equalized,
which allows sufficient time to manually start the backup fan after receipt of the battery room
loss of ventilation alarm.
9.4.9.4

Essential Auxiliary Systems

The following essential auxiliary systems require ventilation and/or cooling.
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Chemical and Volume Control System
In addition to general cooling by ambient air, the charging pump room is cooled by redundant
fan-driven air coolers using service water (SW) as the cooling medium. To ensure that the
pumps and drive motors are cooled, the cooled air is ducted directly to the room from the
coolers. (See Drawing 33013-1869.)
The emergency diesel generators automatically supply the cooling fans by separate motor
control centers in the case of loss of normal power. This places one cooler on diesel 1A and
the other on diesel 1B for redundancy. The capacity of each cooling unit is sufficient to
maintain acceptable operating temperatures.
The cooling units are designated safety-related, nonseismic by current Regulatory Guide 1.29
classification and Seismic Class II in accordance with the original design criterion for Ginna
Station (see Section 3.7.1.1). The cooling units are nonseismic consistent with the postaccident safety function of the charging system. Should failure of both charging pump room
coolers occur due to a fire, high energy line break, or seismic event, other means exist to
maintain the ability to inject borated water into the reactor coolant system. These include use
of the high-pressure safety injection pumps or by establishing supplemental cooling to the
charging pump room to maintain the ambient temperature within allowable limits for
operability of the charging pumps.
Component Cooling Water System (CCW)
The primary ventilation and cooling requirements of the component cooling water (CCW)
system are associated with its circulation pump motors. These motors are located on the main
operating floor of the auxiliary building where cooling is provided by the ambient air of the
operating floor. This air is provided by the auxiliary building supply air handling unit
described in Section 9.4.2.3. However, ambient temperatures would not exceed the
capabilities of the component cooling water (CCW) pumps even if the auxiliary building air
handling unit were inoperable.
9.4.9.5

Diesel Generators

The diesel generators (with associated electrical switchgear) are housed in adjacent but
separate rooms, each serviced by a ventilation system. Each room is ventilated by two inlet
fans supplying outside air. Each fan takes suction from a common header and discharges
through separate ductwork, dampers, and discharge diffusers. One fan in each room
discharges a supply of air directly on the instrument and control cabinets. Excess air is
discharged to the outdoors through automatic, pressure-actuated room vents, backdraft
dampers, and wall-mounted louvers. No refrigeration or service water (SW) air cooling is
used. (See Drawing 33013-1873.)
When the diesels are not running, the damper in each line is held closed by 20-psig instrument
air by a solenoid valve associated with each damper. A diesel generator start signal
automatically opens the dampers and starts one of the two room supply fans with normal
operating room temperatures. The second supply fan starts when the diesel is running and
the room temperature reaches the thermostat setpoint. The fans in the diesel generator room
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A are powered from a motor control center within the room that is powered from diesel
generator 1A via bus 14. The fans in diesel generator room B are powered from a motor
control center within the room that is powered from diesel generator 1B via bus 16. Power
to actuate the solenoid valves is provided by the 125-V dc system through breakers in each
room. Once opened, the dampers remain open until the diesel generator is deenergized.
In the event of loss of instrument air to the solenoid valves, the air pressure in the line causes
the damper motor to retract and open the damper. Should a diesel generator start signal be
received, the dampers would be in their safe position (open) to provide the needed ventilation.
The dampers would remain in the open position until air pressure is returned to service and
the diesel generator is deenergized. Adequate ventilation for equipment cooling and for
removal of any hydrocarbon gases is therefore ensured when the diesel generators are
operating.
The supply fan that directs air near the engine jacket water-sensing line in each room is
equipped with a thermostat that delays starting of the fan until sufficient heat is rejected by
the diesel engine to prevent freezing of the line in cold weather. Additional protection is
provided by a second set of thermostat switches which will turn off the automatic supply fan
on DG room low temperature. This system is designed so that no failure of a single active
component will prevent operation of the ventilation system such that affected components
would exceed their design limits or would cause the loss of both diesel generators.
Heating of each room is by unit steam heaters (two per room). Should one of the steam
supply lines break, only its respective diesel-generator room would be affected. The other
diesel generator room would be isolated from the break.
Humidity in the lower level (vault-area) of each diesel-generator room is kept low by a
packaged dehumidifier, which is controlled by an internal humidistat. The dehumidifiers are
nonseismic, are not required to maintain functional integrity during a seismic event, and are
located so that they will not adversely affect safety-related systems or components. Vault
humidity is monitored regularly, and equipment inside the vault areas is part of the routine
maintenance program.
9.4.9.6
9.4.9.6.1

Standby Auxiliary Feedwater System (SAFW)
System Operation

The standby auxiliary feedwater pump (SAFW) room cooling and heating system provides
cooling and heating as required to maintain the pump room temperature within the design
temperature range of 60F (minimum) to 120F (maximum). The standby auxiliary
feedwater pump (SAFW) room is part of the auxiliary building addition. This cooling and
heating system is needed to provide an acceptable environment for the equipment in the
pump room, which includes the two standby auxiliary feedwater pumps (SAFW) and their
electric drive motors (see Drawing 33013-1869).
The standby auxiliary feedwater pump (SAFW) room cooling system is capable of operation
whenever the standby auxiliary feedwater pumps (SAFW) are needed for operation. This is a
result of the fact that the cooling system provides the air cooling required for continuous
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operation of the pump motors. A given cooling unit is automatically started whenever its
corresponding standby auxiliary feedwater pump (SAFW) is started. Due to its safety-related
nature, the cooling system must remain functional during all modes of plant operation
including the period during and after a safe shutdown earthquake. Thus, the two fan drive
motors for the standby auxiliary feedwater pump (SAFW) room cooling units are supplied
from separate, redundant Class 1E electrical systems.
The standby auxiliary feedwater pump (SAFW) room heating system operates whenever the
temperature in the pump room falls below the thermostat setting of 60F to 65F of the unit
heater and the unit heater’s source of non-safety-related electric power is available. Plant
operating conditions have no effect on the heating system unless non-safety-related electric
power is unavailable. The heating system is not safety-related or seismically classed since its
function is not required for proper operation of the standby auxiliary feedwater system. In
case of a heating system failure during subfreezing weather, the water in the feedwater system
can be prevented from freezing by using a portable heater or by running one of the standby
auxiliary feedwater pumps (SAFW) on recirculation with the DI water storage tank, thus
warming the pump room with the pump motor heat.
9.4.9.6.2

Controls and Instrumentation

The start/stop controls for the standby auxiliary feedwater pump (SAFW) room cooling units
are manually and/or automatically operated. Each cooling unit is arranged so that it
automatically starts or stops at the same time that its corresponding standby auxiliary
feedwater pump (SAFW) is manually started or stopped (from either the control room or the
local station). In addition, the cooling units can be started/stopped independently of the
standby auxiliary feedwater pumps (SAFW) from a local control panel in the pump room.
This manual/automatic control is determined by a maintained contact three position control
switch provided in the local control panel. This switch has run-auto-off positions. It must be
manually returned to the auto (or pump control) position whenever local control is no longer
being utilized.
Flow of cooling water (service water (SW)) through the cooling coil of each cooling unit is
controlled by an open-closed two-way valve in the discharge line from the coil. When a
cooling unit is started automatically via the standby auxiliary feedwater pump (SAFW)
control, the cooling water control valve for that cooling unit opens fully and stays open until
the unit is shut down, at which time it fully closes. However, when the cooling unit is started
locally (manual), operation of the cooling water control valve is via a temperature indicating
switch that is arranged to sense and indicate the temperature of the return air to the unit. The
temperature switch maintains the return air temperature (pump room temperature) within a
band between 70F and 120F by causing the cooling water control valve to open or close
as required. The control valves are fail safe, since they fail open. The control valves close
completely when their particular cooling unit is not running, thus stopping service water
(SW) flow through the cooling coil.
The roughing filter bank of each cooling unit has installed ports for the connection of a
differential pressure indicator for local pressure drop readout across each filter bed. A
temperature indicator is installed to give local indication of the air temperature entering each
cooling unit.
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A common alarm function is provided if space temperature exceeds the high temperature
setpoint or the low temperature setpoint.
A locally indicating temperature indicating switch is located in the standby auxiliary
feedwater pump (SAFW) room. It alarms the control room upon detection of excessively
high or low room temperatures. An air flow switch is located in the discharge duct of each
cooling unit. They alarm the control room in case a loss of air flow is sensed. They are
interconnected with the controls of the cooling unit fan motors so that the alarm for a loss of
air flow is blocked when a cooling unit is intentionally stopped. All of these alarms are
grouped to give a single control room malfunction alarm.
The controls for the standby auxiliary feedwater pump (SAFW) room heating system are
completely self-contained within each of the system’s two electric unit heaters. Each unit
heater operates automatically via its built-in thermostat that starts and stops the heater fan
motor and energizes and deenergizes the heater electric heating coil. The unit heater
thermostats are set so that when the pump room temperature decreases to approximately
65F, the first unit heater will automatically start. Should the temperature continue to
decrease, the second unit heater will automatically start when the pump room temperature
drops to 60F. The only alarm associated with the heating system is low pump room
temperature alarm.
9.4.9.7

Post-accident Fan Coolers and Charcoal Filters

This system is described in Sections 9.4.1.2.7 and 6.2.2.
9.4.10

STATION HEATING STEAM SYSTEM

The Ginna heating and process steam is provided from the house boiler, located in the screen
house and from a connection from the main steam system. The systems provided with steam
from this system include the unit heaters in the screen house, intermediate building, auxiliary
building, turbine building, diesel generator rooms, auxiliary building air handling units,
containment purge supply unit, boric acid batch tank, gas stripper, and the boron recycle
evaporator.
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Table 9.4-1
CONTAINMENT VENTILATION SYSTEM PRINCIPAL COMPONENT DATA
SUMMARY
System

Units
Installed

Unit Capacity

Units
Required for
Normal
operation
(MODES 1
and 2)

Cooling coils - normal

4

2.05 x 106 Btu/hr

3

Cooling coils - design-basis accident

4

54.6 x 106 Btu/hr

3

Demister

4

42,000 cfm

3

Filters, 40 high efficiency particulate air filter
cells per unit

4

40,000 cfm

3

Fans

4

46,500 cfm

3

Fan pressure - normal

---

8.3 in. H2O

---

Fan pressure - design-basis accident (286F)

---

32.0 in. H2O

---

Fan motors (440 V, three-phase)

4

300 hp

3

Fans, standard conditions

2

14,000 cfm

1

Fan pressure

---

18.6 in. H2O

---

Fan motors

2

60 hp

1

Plenum

1

-

1

Fans, standard conditions

2

21,175 cfm

1

Fan pressure

---

5 in. H2O

---

Fan motors

2

30 hp

1

Cooling coils

2

342,000 Btu/hr

2

Fans, standard conditions

2

12,220 cfm

---

Fan pressure

---

4 in. H2O

---

Fan motors

2

15 hp

---

Preheat coils

4

-

---

Containment recirculating

Control rod drive cooling

Reactor compartment cooling

Containment Shutdown purge supply
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System

Units
Installed

Unit Capacity

Units
Required for
Normal
operation
(MODES 1
and 2)

Reheat coils

2

-

---

Air filters, roughing

1

25,000 cfm

---

Fans, standard conditions

2

12,600 cfm

---

Fan pressure

---

6 in. H2O

---

Fan motors

2

20 hp

---

Plenums

2

13,000 cfm

---

Filters, 12 high efficiency particulate air filter
cells per unit

2

12,000 cfm

---

Charcoal filters, 40 cells per unit

2

13,200 cfm

---

Fan, standard conditions

1

2000 cfm

1

Fan pressure

---

47.5 in H2O

1

Fan motor

1

30 hp

Fan, standard conditions

1

6900 cfm

---

Fan pressure

---

1 in. H2O

---

Fan motor

1

3 hp

---

Fan, standard conditions

1

11,000 cfm

---

Fan pressure

---

2.2 in. H2O

---

Fan motor

1

7.5 hp

---

Fans, standard conditions

2

5100 cfm

Optional

Fan pressure

---

3.5 in. H2O

---

Fan motors

2

5 hp

Optional

Containment Shutdown purge exhaust

Containment Mini purge supply

Containment Mini purge exhausta
Refueling water surface, supply

Refueling water surface, exhaust

Containment auxiliary charcoal filter
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System

Units
Installed

Unit Capacity

Units
Required for
Normal
operation
(MODES 1
and 2)

Filters, six high efficiency particulate air
filter cells per unit

2

6000 cfm

Optional

Charcoal filters, 16 cells per unit

2

5280 cfm

Optional

2

38,000 cfmb

---

2

94,600 Btu/hr

---

Containment postaccident charcoal filter
Charcoal filters 120 cells per unit
Steam Heating
Heaters, 2-psig steam, 60F
a.

The containment mini purge system exhausts through the auxiliary building ventilation system (ABVS).

b.

Represents original rating. See Section 6.5.1.2.1 for the latest rating figures.
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9.5
9.5.1

OTHER AUXILIARY SYSTEMS
FIRE PROTECTION

The fire protection program is based on the NRC requirements and guidelines, Nuclear Electric
Insurance Limited (NEIL) Property Loss Prevention Standards and related industry standards.
With regard to NRC criteria, the fire protection program meets the requirements of 10 CFR
50.48(c), which endorses, with exceptions, the National Fire Protection Association’s (NFPA)
805, "Performance-Based Standard for Fire Protection for Light Water Reactor Electric
Generating Plants – 2001 Edition." R.E. Ginna has further used the guidance of NEI 04-02,
“Guidance for Implementing a Risk-Informed, Performance-Based Fire Protection Program
under 10 CFR 50.48(c),” as endorsed by Regulatory Guide 1.205, “Risk-Informed, Performance
Fire Protection for Existing Light-Water Nuclear Power Plants.”
Adoption of NFPA 805, “Performance-Based Standard for Fire Protection for Light Water
Reactor Electric Generating Plants”, 2001 Edition in accordance with 10 CFR 50.48(c) serves
as the method of satisfying 10 CFR 50.48(a) and General Design Criterion 3. Prior to adoption
of NFPA 805, General Design Criterion 3, "Fire Protection" of Appendix A, "General Design
Criteria for Nuclear Power Plants," to 10 CFR Part 50, "Licensing of Production and Utilization
Facilities," was followed in the design of safety and non-safety related structures, systems, and
components, as required by 10 CFR 50.48(a).
NFPA 805 does not supersede the requirements of GDC 3, 10 CFR 50.48(a), or 10 CFR
50.48(f). Those regulatory requirements continue to apply. However, under NFPA 805, the
means by which GDC 3 or 10 CFR 50.48(a) requirements are met may be different than under
10 CFR 50.48(b). Specifically, whereas GDC 3 refers to SSCs important to safety, NFPA 805
identifies fire protection systems and features required to meet the Chapter 1 performance
criteria through the methodology in Chapter 4 of NFPA 805. Also, under NFPA 805, the 10
CFR 50.48(a)(2)(iii) requirement to limit fire damage to SSCs important to safety so that the
capability to safely shut down the plant is satisfied by meeting the performance criteria in
Section 1.5.1 of NFPA 805.
A Safety Evaluation was issued on November 23, 2015 by the NRC, that transitioned the
existing fire protection program to a risk-informed, performance-based program based on
NFPA 805, in accordance with 10 CFR 50.48(c).
9.5.1.1
9.5.1.1.1

Design Basis Summary
Defense-in-Depth

The fire protection program is focused on protecting the safety of the public, the environment,
and plant personnel from a plant fire and its potential effect on safe reactor operations. The fire
protection program is based on the concept of defense-in-depth. Defense-in-depth shall be
achieved when an adequate balance of each of the following elements is provided:
(1)
Preventing fires from starting,
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(2)

Rapidly detecting fires and controlling and extinguishing promptly those fires that
do occur, thereby limiting fire damage,

(3)

Providing an adequate level of fire protection for structures, systems, and
components important to safety, so that a fire that is not promptly extinguished will
not prevent essential plant safety functions from being performed.

9.5.1.1.2

NFPA 805 Performance Criteria

The design basis for the fire protection program is based on the following nuclear safety and
radiological release performance criteria contained in Section 1.5 of NFPA 805:
▪

Nuclear Safety Performance Criteria. Fire protection features shall be capable of providing
reasonable assurance that, in the event of a fire, the plant is not placed in an unrecoverable
condition. To demonstrate this, the following performance criteria shall be met.
(a)
Reactivity Control. Reactivity control shall be capable of inserting negative
reactivity to achieve and maintain subcritical conditions. Negative reactivity
inserting shall occur rapidly enough such that fuel design limits are not exceeded.
(b)
Inventory and Pressure Control. With fuel in the reactor vessel, head on and
tensioned, inventory and pressure control shall be capable of controlling coolant
level such that subcooling is maintained such that fuel clad damage as a result of a
fire is prevented for a PWR.
(c)
Decay Heat Removal. Decay heat removal shall be capable of removing sufficient
heat from the reactor core or spent fuel such that fuel is maintained in a safe and
stable condition.
(d)
Vital Auxiliaries. Vital auxiliaries shall be capable of providing the necessary
auxiliary support equipment and systems to assure that the systems required under
(a), (b), (c), and (e) are capable of performing their required nuclear safety function.
(e)
Process Monitoring. Process monitoring shall be capable of providing the necessary
indication to assure the criteria addressed in (a) through (d) have been achieved and
are being maintained.

▪

Radioactive Release Performance Criteria. Radiation release to any unrestricted area due to
the direct effects of fire suppression activities (but not involving fuel damage) shall be as
low as reasonably achievable and shall not exceed applicable 10 CFR, Part 20, Limits.

Chapter 2 of NFPA 805 establishes the process for demonstrating compliance with NFPA 805.
Chapter 3 of NFPA 805 contains the fundamental elements of the fire protection program and
specifies the minimum design requirements for fire protection systems and features.
Chapter 4 of NFPA 805 establishes the methodology to determine the fire protection systems
and features required to achieve the nuclear safety performance criteria outlined above. The
methodology shall be permitted to be either deterministic or performance-based. Deterministic
requirements shall be “deemed to satisfy” the performance criteria,
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defense-in-depth, and safety margin and require no further engineering analysis. Once a
determination has been made that a fire protection system or feature is required to achieve
the nuclear safety performance criteria of Section 1.5, its design and qualification shall meet the
applicable requirement of Chapter 3.
9.5.1.1.3

Codes of Record

The codes, standards and guidelines used for the design and installation of plant fire protection
systems are as follows: (for specific applications and evaluations of codes, refer to the Fire
Protection Program Report (Reference 17)):
a) American National Standards Institute (ANSI)
o ANSI B31.1 – Power Piping
b) American Society for Testing Materials (ASTM)
o ASTM E-119
c) Factory Mutual (FM) Research Fire Protection Equipment Approval Guide
d) National Fire Protection Association (NFPA)
o NFPA 12A – 1985 Ed., Standard on Halon 1301 Fire Extinguishing Systems
o NFPA 13 – 1985 Ed., Standard for the Installation of Sprinkler Systems
o NFPA 14 – 1983 Ed., Standpipe and Hose Systems
o NFPA 15 – 1985 Ed., Standard for Water Spray Fixed Systems for Fire Protection
o NFPA 20 – 1983 Ed., Standard for the Installation of Stationary Pumps for Fire
Protection
o NFPA 24 – 1984 Ed., Standard for the Installation of Private Fire Service Mains and
Their Appurtenances
o NFPA 26 – Supervision of Valves Controlling Water Supplies for Fire Protection,
1983 Ed.
o NFPA 27 – 1981 Ed., Private Fire Brigades
o NFPA 30 – 2000 Ed., Flammable and Combustible Liquids Code
o NFPA 50A – 1973/1978 Ed., Standard for Gaseous Hydrogen at Consumer Sites
o NFPA 72D – 1986 Ed., Standard for Proprietary Protective Signaling Systems
o NFPA 72E – 1984 Ed., Standard for Automatic Fire Detectors
o NFPA 600 – 2000 Ed., Standard on Industrial Fire Brigades
o NFPA 805 – 2001 Ed., Performance-Based Standard for Fire Protection for Light
Water Reactor Electric Generating Plants
9.5.1.1.4

Required Systems

Nuclear Safety Capability Systems, Equipment, and Cables
Section 2.4.2 of NFPA 805 defines the methodology for performing the nuclear safety
capability assessment. The systems equipment and cables required for the nuclear safety
capability assessment are contained in the Fire Protection Program Report (Reference 17).
Fire Protection Systems and Features
Chapter 3 of NFPA 805 contains the fundamental elements of the fire protection program and
specifies the minimum design requirements for fire protection systems and features.
Compliance with Chapter 3 is documented in the Fire Protection Program Report (Reference
17).
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Chapter 4 of NFPA 805 establishes the methodology and criteria to determine the fire
protection systems and features required to achieve the nuclear safety performance criteria of
Section 1.5 of NFPA 805. These fire protection systems and features shall meet the applicable
requirements of NFPA 805 Chapter 3. These fire protection systems and features are
documented in the Fire Protection Program Report (Reference 17).
Radioactive Release
Structures, systems, and components relied upon to meet the radioactive release criteria are
documented in the Fire Protection Program Report (Reference 17).
9.5.1.1.5

Definition of “Power Block” Structures

Where used in NFPA 805 Chapter 3 the terms “Power Block” and “Plant” refer to structures
that have equipment required for nuclear plant operations. For the purposes of establishing the
structures included in the fire protection program in accordance with 10 CFR 50.48(c) and
NFPA 805, the plant structures listed in Table 9.5-2 are considered to be part of the ‘power
block’.
9.5.1.2
9.5.1.2.1

System Design
General

Fire detection instrumentation is located in all areas of the plant containing safety-related
equipment and in areas containing large amounts of combustible or flammable materials.
Actuation of fixed suppression systems and early warning alarms are provided by these
detectors.
Normal fire protection is provided by fixed water deluge spray systems, fixed sprinkler
systems, fixed Halon 1301 systems, hose lines, and portable and wheeled extinguishers
suitably located in the required areas.
Water to the fire suppression system is supplied, via a header, by two fire pumps. The source
of water is Lake Ontario. The yard loop and fire hydrants are supplied by the town of Ontario
water supply.
The fire protection system can be used as a backup for the service water (SW) system supply
to spent fuel pool (SFP) heat exchanger A, the standby spent fuel pool (SFP) heat exchanger,
motor driven auxiliary feedwater pumps (MDAFW), standby auxiliary feedwater pumps
(SAFW), and the diesel generator lube-oil coolers and jacket water heat exchangers via
temporary hoses.
Fire barriers are located throughout the plant to separate established fire areas from each other
and also to separate certain safety areas from the remainder of the plant. These barriers are
designed to stop a fire from propagating from one area to the other. All penetrations in these
barriers are sealed with appropriate materials to match the requirements of the barrier. Fire
areas have been defined based upon separation of equipment and cables to ensure that at least
one path of safe shutdown systems is always available.
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Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
Fire prevention and mitigation considerations have been included in the design of ventilation
systems, drain systems, lighting systems, communication systems, electrical and instrument
cables, layout and materials, and oil collection systems.
Fire prevention is controlled by administrative methods to prevent accumulation of
combustible materials and to practice good safety methods.
9.5.1.2.2

Fire Detection and Signaling Systems

The plant has a protective signaling system which alarms locally in selected parts of the plant
and transmits fire alarm, supervisory, and trouble signals to the control room. In addition to
signals from fire detection devices in various rooms or ventilating systems, the system
transmits signals indicating water flow in water spray or sprinkler systems, fire pump
operation, fire pump trouble, and low fire water tank level or pressure. Fire alarms are
initiated by the smoke and heat detectors and by water flow or pressure switches in the water
fire suppression systems. Additional protection is available by the installation of tamper
switches on all major valves, unless they are locked in position.
The signaling system is powered by the emergency power supply system and automatically
transfers to a 4-hour battery backup supply if its normal power source is interrupted.
Fire detection and signaling systems are generally designed and installed in accordance with
NFPA 72D.
Smoke detectors and/or heat detectors have been provided in every area that contains safetyrelated equipment. Some detectors provide early warning fire detection and notification only.
Others provide fire suppression system actuation in addition to detection and notification.
These detectors are supervised to detect and annunciate circuit breaks, ground faults, and
power supply failures. Remote test panels, which allow remote testing of the sensitivity of
the detectors, are installed in the vicinity of smoke detectors that are difficult or hazardous to
reach.
Periodic inspection and surveillance tests of the fire detection devices are in accordance with
NFPA 72E and Technical Requirements Manual (TRM) section 3.3.4. The list of instruments
required to be operable for fire detection and suppression systems actuation and their
locations are shown in the TRM.
Fire alarm signals are provided as an integral part of the fire suppression systems to indicate
an alarm in case of equipment malfunction, tampering, or in case of fire in any protected area.
Additional audio and visual alarms and operating switches are provided in the control room,
together with such pressure gauges, test, and reset switches as are required to completely
monitor the fire protection system. The fire alarm signals in the control room are distinctive
from other equipment alarms.
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9.5.1.2.3

Fire Suppression Systems

Fire suppression is provided by fixed water spray and sprinkler systems, fixed gas systems,
hose lines, and portable and wheeled extinguishers suitably located in the required areas. The
water systems associated with the fire protection system are shown in Drawings 33013-1989
through 33013-1993. The fixed gas systems for the relay and multiplexer (MUX) rooms are
shown in Drawing 33013-1242.
9.5.1.2.3.1

Water Supply

The fire protection water supply for the automatic and manual water suppression systems and
hose stations inside the plant is pumped from Lake Ontario.
A fire header of sufficient size is provided to deliver an adequate quantity of water throughout
the plant at a pressure of no less than 75 psi at the highest nozzle. The water supply for the
fire hydrants on the yard fire main are supplied with water from the Town of Ontario. The
yard hydrant system can be used as a backup to some of the fixed protection systems and all
of the inside hose stations through wall hydrants in four locations (Reference 18). Drawing
33013-1607 shows the fire protection system yard loop (yard fire main). See also Section
9.5.1.2.3.5.
9.5.1.2.3.2

Fire Pumps

The water supply is delivered by a combination of two vertical shaft centrifugal fire pumps
located in the screen house. Both pumps take suction from the circulating water intake. One
pump is diesel-engine driven and the other is electric-motor driven. Each pump has a design
rated minimum output of 2000 gpm at 125 psig, which is adequate to meet the largest
anticipated water demand (Reference 18).
An automatic sprinkler system supplied by the yard fire main is provided in the area of the
screen house that contains the two fire pumps. A curb has been installed around the diesel
fire pump and the diesel oil storage tank to control any diesel oil leaks. The curbed area is
equipped with a floor drain which drains to a holding tank buried outside the screen house.
A 15,000-gal pressure tank (10,000 gal of water) and a 120-gpm centrifugal jockey pump
maintain system pressure at a minimum of 100 psig. When the system pressure drops below
the nominal 95 psig setpoint (plus or minus 5 psig) the electric-motor-driven fire pump starts.
If the pressure drops below the nominal 85 psig setpoint (plus or minus 5 psig), the dieseldriven fire pump starts.
An automatic controller is located with each fire pump. Each pump can be manually started
from the control room or at the individual controller. Each pump can be manually stopped at
the controller. In addition, the electric-driven fire pump can also be manually stopped by
opening a circuit breaker located in the screen house near the fire pumps. Pump running,
water flow, and pump power loss or engine trouble signals are annunciated in the control
room as well as at the individual pump controllers. The fire relay panel provides these signals
for the control room alarms and indications and start signals to the pumps on system pressure
drop and on water flow in the fixed fire suppression systems served by the pumps.
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The diesel fire pump is provided with an engine coolant heater and filter. The function of the
heater is to raise the engine block temperature to a level at which the engine can start more
easily and which would result in reduced wear on engine components. The coolant filter
removes corrosion particles from the engine coolant.
The diesel fire pump engine is started by redundant 24-V batteries. The batteries are
maintained fully charged and ready for service by an automatic dual battery charger operating
in the float mode. The charger can charge one battery on high rate while maintaining the
other battery on float or charge both batteries on high rate simultaneously. The charger
automatically switches from float to high rate and back in order to recharge the batteries when
necessary. The 120-V ac power is supplied to the battery charger from a screen house
lighting panel.
An analysis was performed, which determined that the fuel consumption rate for the original
diesel fire pump at full load is approximately 14.9 gal/hr. This analysis also cited that the
capacity of the diesel fire pump fuel storage tank is 275 gal. The original fire pump was
replaced in 1995. Fuel consumption for the installed diesel fire pump is approximately 13.1
gal/hr (Reference 19). Testing performed with the completion of the fire pump upgrades in
2003 determined that actual fuel consumption was approximately 12.0 gal/hr.
Specific procedures covering the diesel fire pump testing and maintenance include battery
surveillance, testing of diesel oil in the day tank, and the requirement that the diesel engine be
operated for a minimum of 15 minutes each month.
9.5.1.2.3.3

Piping and Valves

A separate 10-in. discharge line from each fire pump supplies the 8-in. and 10-in. interior
loop main. All automatic and manual fixed water suppression systems and interior hose
stations are supplied by this loop main. Outside screw and yoke gate valves subdivide the
loop into a number of sections so that a single section can be isolated without impairing the
entire loop. The design is such that isolation of a section of fire water piping system does not
cause a loss of both the fixed suppression system protection and the manual hose coverage
for the same area, with the exception of the service building. For the service building, use of
manual hose lines from the exterior yard main provides backup suppression capability.
Sectional valves, which are locked in the open position, are provided on the exterior yard
main to allow the loop to be subdivided into a number of sections so that a single section can
be isolated without impairing the entire system. Valves controlling water flow into sprinkler
or deluge systems are locked open and/or are provided with electrical supervision (valve
tamper switches). Sectional valves on the interior loop and valves controlling fire pump
discharge are locked open and/or are provided with electrical supervision (valve tamper
switches).
The discharge piping inside the Screen House is qualified as Seismic Category I.
Qualification of the piping was performed during its original design in 1969 to meet USAS
B31.1, Code for Pressure Piping.
When not required for fire suppression, the electric-driven fire pump can be aligned to supply
water to the traveling screen wash header at a pressure higher than service water pressure.
The purpose of this spray wash system is to remove debris from the traveling screens when
high debris conditions exist. The high-pressure spray wash (HPSW) system is manually
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operated, and encompasses piping, two manual gate valves, an automatic isolation valve and a
check valve which cross-connects between the fire suppression system test line and the main
traveling screen wash header supply line downstream of the safety-related service water nonessential load isolation motor-operated valves. Since the electric-driven fire pump secondary
function is to supply the high-pressure spray wash (HPSW) system only when plant conditions
warrant its use, upon any automatic actuation of the electric-driven fire pump via a fire
suppression system demand, the high pressure spray wash (HPSW) will automatically be
isolated such that the primary function of supplying the fire suppression system can be
satisfied.
9.5.1.2.3.4

Fire Hydrants

Yard fire hydrants are provided at approximately 250-ft intervals around the exterior of the
plant. The lateral to each hydrant is controlled by a key-operated (curb) valve. Threads on
hydrant outlets and hose couplings are compatible with those of fire departments which serve
the plant. Impact barriers protect those fire hydrants and post-indicator valves which are
located within 25 ft of roadways.
The ground area surrounding each exterior hydrant is graded to provide a clearance of at least
12 in. between the ground and the center of the lowest hydrant port.
Fire-fighting equipment is housed within hose houses. Administrative procedures cover
snow removal operations and inspection of all outdoor fire hydrants for drainage immediately
prior to freezing winter weather and for proper function immediately after the winter season.
A yard hydrant on the southeast corner of the yard loop provides backup fire suppression
capability for the transformers and primary fire suppression capability for the standby
auxiliary feedwater building.
A dry hydrant assembly, located west of the screen house, provides capability to draft Lake
Ontario water via the use of an offsite fire department pumper truck if needed.
9.5.1.2.3.5

Yard Loop

The fire protection system yard loop (yard fire main) is shown in Drawing 33013-1607. The
yard loop supplies water to the yard fire hydrants and as a partial backup to the water
suppression systems inside the plant (Reference 18). The yard loop provides a backup source
of cooling water if service water (SW) is lost. It provides a backup to the condensate storage
tanks for feedwater to the motor-driven (MDAFW) or turbine-driven (TDAFW) auxiliary
feedwater pumps. It provides a backup to the DI water storage tank for feedwater to the
standby auxiliary feedwater pumps (SAFW). It can be used to provide cooling water to the
emergency diesel generators. It provides an alternative source of cooling to the component
cooling water (CCW) heat exchangers (under emergency, beyond design basis conditions
only). The yard loop is equipped with manual isolation gate valves, as shown in Drawing
33013-1607, to provide segment isolation in the case of line failures. The yard loop is
supplied water from the town of Ontario water system.
9.5.1.2.3.6

Interior Hose Stations

A total of 43 interior hose stations, each equipped with 100 ft of 1.5-in. diameter UL or ULC
approved municipal fire hose, are provided to protect various areas of the plant. The nozzles
are 1.5-in. fog nozzles designed specifically for use in electrical fires and have a fog pattern
range from 30to 90with no straight stream capability. A list of all available hose station
locations is provided in Table 9.5-1. Operability and surveillance requirements for those hose
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stations required to be operable are specified in the Technical Requirements Manual (TRM)
Section 3.7.4.
9.5.1.2.3.7

Water Suppression Systems

Water suppression systems include water spray systems and water sprinkler systems with
open or closed-head nozzles and sprinkler heads. The water suppression systems meet the
design installation requirements of NFPA 13 and/or NFPA 15. Each sprinkler system has an
outside screw and yoke shutoff valve or other suitable fire protection service listed isolation
valve. All control valves for spray or sprinkler systems are electrically supervised with
alarms in the control room or are locked in the proper position. Other important valves on the
water supply are either electrically supervised or locked in the proper position. The water
flow rates follow NFPA 15 guidelines. The water suppression systems and the areas covered
are tabulated below.
Automatic water spray systems (which can also be manually actuated) provide protection
for
a. The turbine lube-oil system in the turbine building.
b. The hydrogen seal-oil system in the turbine building.
c. The oil storage room in the turbine building.
d. The oil-filled transformers outside the turbine building.
e. The cable trays in the screen house.
f.

The cable tunnel.

g. The charcoal filter unit in the auxiliary building ventilation system (ABVS).
h. Control room-turbine building wall.
i.

The cable trays in the air handling room.

Manually actuated water spray systems provide protection for
a. The turbine-driven auxiliary feedwater pump (TDAFW) and feedwater pump oil tank area.
b. The condenser pit area.
c. The relay room.
The relay room water suppression systems serve as backup to the automatic Halon system
that provides primary protection.
Automatic preaction sprinkler systems provide protection for
a. The cable entrance area at the auxiliary building.
b. The cable tray area in the basement of the auxiliary building (elevation 235 ft 8 in.).
c. The cable tray area at elevation 253 ft 6 in. of the auxiliary building.
d. The cable tray area in the intermediate building.
e. The diesel generator rooms.
f.

The standby auxiliary feedwater building annex diesel generator room.
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The sprinkler systems for these areas have closed-head sprinklers with preaction trim on the
deluge valves in accordance with NFPA 13.
Automatic sprinkler systems provide protection for the following.
a. The service water (SW) pumps in the screen house.
b. The fire pumps in the screen house.
c. The turbine island.
d. The service building.
e. The technical support center diesel room.
f.

The turbine building mezzanine office and shop areas.

g. GE Betz water treatment trailers and vestibule.
An automatic and manual water curtain is provided for protection of the wall between the
turbine building and the control room (superwall). The design of the water curtain is in
accordance with NFPA 15. The system is actuated by heat detection.
Closed-head, close-spaced sprinklers are installed around the perimeters of the east and west
stairwells and the equipment hatch, at the ceiling level of the auxiliary building mezzanine, as
water curtain fire barriers to prevent the spread of fire between the mezzanine and operating
levels. The sprinkler systems are wet pipe systems with automatic sprinkler heads rated at
165F, which conform to the NFPA 13 standard temperature rating of 135F to 170F.
The containment postaccident charcoal filter units are protected with a water dousing system
from the containment spray header, as described in Section 6.5.1.2.2.5.
The service building interior, including storage areas, shop areas, offices, locker rooms, and
all rooms having combustible material, is protected by automatically operating wet-pipe
sprinkler systems, with exterior water gong, which provides a local alarm annunciation at the
north exterior of the building and indication in the control room.
The turbine-driven auxiliary feedwater pump (TDAFW) is protected with a water spray
system consisting of six spray nozzles (Grinnell Mulsifyre Projector Type S-1 40-15) located
in an array above the equipment. The north center and northwest corner nozzles are partially
blocked by existing auxiliary feedwater piping in the area. An analysis was performed which
demonstrated that the original design had sufficient margin such that the existing
configuration met RG&E’s original criteria of 0.5 gpm/ft2 water spray density and exceeds
the NFPA 15 general range of 0.2-0.5 gpm/ft2.
9.5.1.2.3.8

Gas Suppression Systems

Total flooding automatic Halon 1301 extinguishing systems are provided in the relay room,
multiplexer (MUX) room, and technical support center PPCS/SPDS computer room. The
systems are designed in accordance with NFPA 12A-1980, Section 1.5.4, to maintain a Halon
concentration of 5% for at least 5 minutes following delivery (sufficient time to allow
effective emergency action by trained personnel). Ionization type smoke detectors in each
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area alarm and annunciate in the control room. Where appropriate, a reserve supply of Halon
1301 permits prompt restoration of automatic protection following a system discharge. The
Halon fire extinguishing systems are controlled by electronic control systems that are
interfaced with the station fire detection system. The control system coordinates the fire
detection system with local alarm actuation, air conditioning and ventilation shutdown as
appropriate, electrical power disconnection as appropriate, and Halon discharge. In addition
to automatic activation, Halon can be released using local manual pull stations or by
operation of manual key switches on the fire control panels in the main control room. The
relay room and MUX room systems are shown in Drawing 33013-1242.
9.5.1.2.3.9

Portable Fire Extinguishers

Pressurized water, dry chemical, carbon dioxide portable extinguishers are distributed
throughout the plant in accordance with the provisions of NFPA 10.
9.5.1.2.3.10

Wet Chemical Suppression System

An Ansul wet chemical suppression system has been installed in the cafeteria at the south end
of the service building. This system has both automatic and manual actuation capabilities. In
addition, actuation of the kitchen hood system will alarm in the guard house on the Gamewell
Fire Panel, activate local horn and strobes, and de-energize the fryer and grill in the kitchen
area of the cafeteria. This system is UL-300 rated and the cylinder containing the wet
chemical agent is of a 3-gallon capacity. The system is installed to NFPA 96, "Standard for
Ventilation Control and Fire Protection of Commercial Cooking Operations."
9.5.1.2.4
9.5.1.2.4.1

Other Design Considerations
Smoke Removal

The air handling systems of the ventilation systems are capable of exhausting volumes of
smoke directly to the outside.
In addition, three portable smoke ejectors, each with 5000-cfm capacity, are provided for
smoke removal. Flexible hose sections are provided to channel smoke and hot gases through
the buildings.
9.5.1.2.4.2

Breathing Equipment

At least 10 self-contained breathing units dedicated to emergency use are provided. Each
breathing unit has one spare bottle. The plant has the capability to supply breathing air to 10
people for 6 hours at the rate of two (1.0 hour) bottles per person per hour. A compressor and
cascade system are provided onsite to supply the breathing air.
9.5.1.2.4.3

Control Building Ventilation

The control building ventilation system is designed to provide a safe, controlled environment
for the control room, relay room, multiplexer (MUX) room, and battery rooms under all
required conditions, including high- and moderate-energy line breaks outside containment, as
well as small fires in the relay room or control room. Control building ventilation systems are
described in Sections 3.11.3.5, 6.4, 8.3, and 9.4.9.2.
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9.5.1.2.4.4

Reactor Coolant Pump Motor Oil Collection System

The reactor coolant pump motor oil collection system consists of a package of splash guards,
drip pans, and enclosures assembled as attachments to the reactor coolant pump motor at
strategic locations to preclude the possibility of oil making contact with hot reactor coolant
system components and piping. Any leaking oil is drained from each individual pump to its
own collection tank, which is capable of handling the entire oil inventory of the motor.
Strainers are placed at the drain of each drip pan or enclosure. The oil collection
components are designed and attached to preclude dislodging during a seismic event.
9.5.1.2.4.5

Floor Drains and Curbs

Safety-related equipment is mounted on pedestals and floor drains provided in these areas are
generally adequate to carry off fire water and prevent safety-related equipment from being
flooded with standing water. In areas such as the control room, where floor drains are not
provided, fire water will be drained out through door openings.
Curbs are provided in the screen house to prevent water or flammable liquid from flowing
into the basement where both divisions of safety-related cables are routed. Additional curbs
are provided around the diesel-driven fire pump area in the screen house.
A barrier has been installed around the turbine lube-oil reservoir area to contain possible oil
spillage. The capacity of the enclosed area is large enough to retain the entire contents of the
lube-oil system plus 10% margin for fire water.
Where drains from safety-related areas are tied into drains from areas which contain a large
quantity of flammable liquid, backflow protection is provided to prevent possible spread of a
liquid fire via the drain system Reference 8.
9.5.1.2.4.6

Lighting Systems

See Section 9.5.3.
9.5.1.2.4.7

Communications

There are three communication systems within the plant. The primary system is the
combination paging and party system; in addition, there is a sound powered phone system and
a radio paging system.
The sound powered system is hard wired with separate wires from the combination paging
and party system. The radio paging system provides communication with areas inside the
containment with the help of a radio antenna mounted in the containment. Additionally, a
repeater located in the Nuclear Assessment Building allows for greater flexibility with radio
communications. There is adequate redundancy with these three systems to ensure good
communications throughout the plant during any fire emergency (see Section 9.5.2).
9.5.1.2.4.8

Electrical Cable Insulation

The cable insulation used at Ginna Station includes Kerite, oil-based rubber, neoprene, and
polyvinyl chloride. The cables have, as a minimum, passed the ASTM and UL horizontal and
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vertical flame tests. Power cables and polyvinyl chloride control cables have passed the
Consolidated Edison Bonfire Test. The majority of the electrical cables were purchased and
installed prior to the publication of the IEEE 383 standard for flame testing of electrical
cables; however, the potential combustion products for the materials used at the station have
been evaluated from generic test reports and do not exhibit an unusual or significantly
hazardous nature. All cables used for modifications meet IEEE 383 criteria unless
specifically excepted. The spent fuel pool (SFP) bridge crane motive and control power
cable is payed in and out from a spring-loaded storage reel assembly. Cable meeting IEEE
383-1974 flame retardant requirements and meeting the flexing duty requirements of the
bridge crane cable was not available at the time replacement was required. The replacement
cable was reviewed and it was determined that the proposed replacement would not adversely
impact existing 10 CFR 50 Appendix R compliance methods or options used to maintain
compliance (Reference 7). This determination will be made whenever it is impracticable to
meet IEEE-383 criteria for cables used in modifications.
9.5.1.2.4.9

Fire Barriers

The fire hazards analysis submitted to the NRC in February 1977 (Reference 2) identifies the
fire barriers in the plant and the requirements for maintaining their integrity. These barrier
requirements were determined by the fire loadings calculated for each area subject to a
potential fire hazard. As a result of this analysis, several design modifications were
implemented at the plant including upgrading of the rating of original barriers and installing
new barriers. The updated Ginna Station Fire Protection Program Report (Reference 17) was
completed and provides a regularly updated fire hazards analysis of the station.
Additional definition of fire areas and barriers and analysis of fire zones were conducted as
part of the 10 CFR 50, Appendix R, review effort. The addition of the water curtain around
the perimeters of the stairwells and equipment hatch at the ceiling level of the auxiliary
building mezzanine floor is a part of this effort. See Section 9.5.1.2.3.7. Also, 3-hour-rated
dampers were installed in ducts penetrating these fire areas. New fire barrier cabling wraps
were installed in battery room 1B, several cables for the equipment in the charging pump
room that is located in the auxiliary building, the intermediate building, and the containment.
The cable wraps inside containment are for radiant energy shield purposes. The fire barrier
inside the B Diesel generator cable vault was upgraded with materials capable of three-hour
rating. It is constructed of clay masonry bricks and mortar. A three-hour rated fire damper,
DGVB-85, was also installed in the north wall of the brick enclosure (Reference 21).
Penetration seals in this barrier were also sealed with approved materials. The charging pump
room barriers were upgraded to provide three-hour rated resistance. Fire barriers associated
with power and instrument cable systems are discussed in Section 8.3.3.
Fire protective coatings have been applied to the structural steel members forming or
supporting a designated fire barrier. In this regard, the structural steel roof beams and a
column that supports the roof of the A and B battery room and the floor of the relay room are
provided with a fire protective coating, which will ensure that adequate margins of safety will
be maintained for at least 1 hour during a fire emergency.
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9.5.1.2.4.10

Electrical Cable Penetrations

The fire seals installed at Ginna Station fall into two major categories:
a. Seals installed in 1975 using BISCO SF-20 silicone room temperature vulcanizing foam
rubber.
b. Seals installed since September 1979 using Dow Corning 3-6548 silicone room
temperature vulcanizing foam rubber.
The adequacy of several fire endurance tests and their applicability to cable tray and conduit
penetration fire seals has been demonstrated in a submittal to the NRC in June 1980,
(Reference 8) with the conclusion that the seal designs at the station are either similar to or
more conservative than the seal designs tested by the ASTM E-119 fire test method for a 3hour rating. The NRC concurred with the evaluation (Reference 4). NRC Information Notice
88-04 alerted licensees that some fire barrier penetration seal designs may not be adequately
qualified for the design rating of the penetrated fire barriers. As part of RG&E’s review in
response to Information Notice 88-04, a program was established to evaluate fire barrier
penetrations against a tested configuration and examine the qualification test documentation.
Branch Technical Position (BTP)-APCSB 9.5-1 requires that cable and cable tray
penetrations of fire barriers (vertical and horizontal) be sealed to give protection at least
equivalent to that of the fire barrier. Although not specifically stated in APCSB 9.5-1 that
penetration designs must be qualified by tests, RG&E proceeded with this program in order
that the penetrations would continue to meet a tested configuration, when being maintained or
involved in a plant modification, thereby ensuring the barrier would not be degraded.
For fire barrier penetration seals for which it is not possible to achieve a duplication of a
specific tested configuration, appropriate compensatory measures are taken, such as posting
fire watch patrols when required by the Technical Requirements Manual (TRM) section
3.7.5, temporarily repairing and qualifying the penetration until it can be reworked, and
performing technical evaluations to demonstrate that the penetration meets an equivalent
level of protection. Guidance from Generic Letter 86-10 is employed in these cases.
9.5.1.2.4.11

Piping and Duct Penetrations

Piping penetration of fire barriers are either poured in place or sealed by one of the following
methods: grout, silicone RTV foam seals, or flexible reinforced silicone-rubber boots. The
piping and duct penetrations have fire resistance ratings commensurate with the fire hazards
on either side of the penetration determined by the fire hazards analysis (Reference 2). The
fire rating adequacy of the seals was demonstrated in a submittal of fire test reports to the
NRC in June 1980 (Reference 8). Based on the data of these reports, the NRC concurred that
the piping and duct penetration seals provide adequate resistance to prevent a fire from
propagating through the rated fire barriers (Reference 4).
9.5.1.2.4.12

Cable Separation

The design and construction of Ginna Station predates current industry standards of physical
separation. The criteria and design features related to cable separation at the plant are

Page 205 of 217

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 9 AUXILIARY SYSTEMS

discussed in Section 8.3.1.4. Cable separation as it relates to the safe shutdown capability of the
plant under a fire emergency is discussed in the references cited in Section 9.5.1.4.
9.5.1.2.4.13

Spray Shields

Water spray shields are provided in the intermediate building over the control rod drive motor
control center and switch-gear, and in the auxiliary building over switchgear, motor control
centers, and other electrical equipment to help protect this equipment from damage or undesirable
effects from the application of fire water.
9.5.1.2.4.14

Construction Joints

The construction joints between containment and the surrounding buildings provide fire resistance
commensurate with the hazards in the area.
9.5.1.3

Safety Evaluation

The Fire Protection Program Report (Reference 17) documents the achievement of the nuclear
safety and radioactive release performance criteria of NFPA 805 as required by 10 CFR 50.48(c).
This document fulfills the requirements of Section 2.7.1.2 “Fire Protection Program Design Basis
Document” of NFPA 805. The document contains the following:
- Identification of significant fire hazards in the fire area. This is based on NFPA 805
approach to analyze the plant from an ignition source and fuel package perspective.
- Summary of the Nuclear Safety Capability Assessment (at power and non-power)
compliance strategies.
o Deterministic compliance strategies
o Performance-based compliance strategies (including defense-in-depth and safety
margin)
- Summary of the Non-Power Operations Modes compliance strategies.
- Summary of the Radioactive Release compliance strategies.
- Summary of the Fire Probabilistic Risk Assessments.
- Key analysis assumptions to be included in the NFPA 805 monitoring program.
9.5.1.4

Fire Protection Program Documentation, Configuration Control and Quality
Assurance

In accordance with Chapter 3 of NFPA 805 a fire protection plan documented in the
Fire Protection Program Report (Reference 17) defines the management policy and program
direction and defines the responsibilities of those individuals responsible for the plan’s
implementation. The Fire Protection Program Report (Reference 17) documents either by
reference or directly:
- The senior management position with immediate authority and responsibility for the fire
protection program.
- A position responsible for the daily administration and coordination of the fire protection
program and its implementation.
- Defines the fire protection interfaces with other organizations and assigns
responsibilities for the coordination of activities. In addition, the Fire Protection
Program Report (Reference 17) identifies the various plant positions having the authority
for implementing the various areas of the fire protection program.
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- Identifies the appropriate authority having jurisdiction for the various areas of the fire
protection program.
- Identifies the procedures established for the implementation of the fire protection
program, including the post-transition change process and the fire protection monitoring
program.
- Identifies the qualifications required for various fire protection program personnel.
- Identifies the quality requirements of Chapter 2 of NFPA 805.
Detailed compliance with the programmatic requirements of Chapters 2 and 3 of NFPA 805 is
contained in the Fire Protection Program Report (Reference 17).
9.5.2

COMMUNICATIONS SYSTEMS

A broad range of communications equipment is available at Ginna Station. Several systems
are installed for normal and emergency communications as well as for communications with
outside agencies. Equipment is periodically verified operable by plant procedures. The use of
particular types is specified in the appropriate implementing procedures as first choice and
backup systems. Communications systems are tested periodically.
9.5.2.1

Public Address System

A special warbling tone on the GAI-Tronics page system is sounded from the control room to
warn personnel of a site evacuation. Warning is immediate to all persons onsite. High noise
areas have, in addition to the public address system, red warning lights with signs to direct
personnel to evacuate. Special announcements on the page and special tones are used for
other emergencies. The plant evacuation alarm, plant fire alarm, and plant attention signal are
each distinct tones over the GAI-Tronics page system and are actuated from the control room
by pushbutton or switch.
9.5.2.2

Telephone Systems

Communications between the control room, technical support center, emergency survey
center, and other operations centers can be established using either telephone, two-way
intercom, radio, or the plant public address system.
The telephone system at Ginna affords a great deal of flexibility and capacity. Calls can be
received or made to either the Rochester telephone system or the Ontario telephone system.
The telephone system has its own power supply located onsite which could maintain house
phones independent of offsite lines. There are also Rochester direct lines and Ontario direct
lines.
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A sound powered phone system consisting of headsets, amplifiers, power supply, and wallmounted jacks provides party-line two-way communications throughout the plant for system
tests, etc.
9.5.2.3

Radio Systems

There are several radio frequencies available for use at Ginna Station. These frequencies are
assigned to the fire brigade, security, operations, Appendix R usage, and radiation survey
teams. The base stations and antennae are located for maximum transmission coverage of the
areas of use. The security channel is monitored at central security and at the guardhouse. The
radiation survey teams have operator capability at the emergency survey center, the technical
support center, and the emergency operations facility recovery center. Fire brigade
communications will be monitored in the control room. Mobile radio sets are available for
the use of survey teams in the field. A channel is available for indirect communication to the
State Police, and Monroe and Wayne County Sheriffs.
Portable low power hand radio sets are located in the technical support center to be
distributed in the event of an emergency for backup or for mobile communications. Portable
hand radio sets are also located in the emergency survey center for the use of survey teams.
Offsite survey teams can communicate through these portable radio sets to a base station
which may be set up at either the emergency survey center, technical support center, or
emergency operations facility/recovery center. The base station is capable of operating with
a backup generator alternate power supply. Additionally, a sufficient number of portable
radio sets are available for Operation’s use following an Appendix R worst-case fire
scenario.
9.5.2.4

Offsite Communications

Notification to state and county emergency response organizations is available 24 hours per
day. The State Warning Point is staffed by the New York State Emergency Management
Office. Monroe County Office of Emergency Preparedness and Wayne County Office of
Emergency Management answer the New York State Radiological Emergency
Communications System (RECS) line during the work day. During nonbusiness hours,
weekends, and holidays, the RECS line is covered for Monroe County and Wayne County at
their "911" centers.
At Ginna Station there are always control room personnel to originate calls. New York State
has responsibility for communications to other counties which may fall within the ingestion
exposure zone. Any contacts with Canada or Ontario Province would also be through the
state agencies.
To contact appropriate offsite agencies the telephones would normally be used as discussed in
Section 9.5.2.2, with direct lines or the onsite telephone system. If necessary, radio
communications can be used to notify emergency agencies and relay messages through their
radio systems.
Communications with federal emergency response organizations consist of telephone contact
to the Department of Energy, Brookhaven Radiological Assistance Program. This call would
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be made by a member of the emergency response organization. Their assistance may also be
requested by the state or counties.
The NRC Emergency Telecommunications System (ETS) provides for essential emergency
communications with the NRC and is described in Section 9.5.2.5.
Ginna Station uses the simulated control room in the training center instead of the actual plant
control room for annual emergency plan drills. To support the use of the simulated control
room for these drills, the GAI-Tronics page system, sound powered phone, onsite telephone
system, New York State Radiological Emergency Communication system (RECS), and the
NRC Emergency Telecommunications System (ETS) emergency notification link are
installed in the simulated control room.
9.5.2.5

Emergency Communications With the NRC

Essential communications with the NRC during an emergency is by use of the Emergency
Telecommunications System (ETS). The functions provided by the system include the
emergency notification system, health physics network, reactor safety counterpart link,
protective measures counterpart link, emergency response data system, management
counterpart link, and the NRC Operations Center’s local area network. Telephones for the
ETS are located in the technical support center, emergency operations facility, control room,
simulator, and the Senior Resident NRC Inspector’s office. The available ETS functions
vary by telephone location.
Additional information regarding emergency communications with the NRC is discussed in
the Nuclear Emergency Response Plan.
9.5.3

LIGHTING SYSTEMS

Fixed emergency lighting units are provided in safety-related areas and other areas which
contain fire hazards to facilitate emergency operations, manual fire fighting, and access to and
egress from each designated fire area. The lighting units are 8-hour rated. In addition to the
fixed lighting systems, portable battery-powered handlights are provided.
Ginna safe shutdown panels are located in several areas of the plant. The lighting at the safe
shutdown areas has been determined to be sufficient to perform all required safe shutdown
tasks. This determination was made by a lighting survey conducted in conjunction with 10
CFR 50, Appendix R, compliance efforts.
The control room normal and emergency lighting systems provide adequate illumination in
accordance with the guidelines of NUREG 0700, Section 6. The control room normal
lighting system is capable of functioning at all times, excluding loss of ac power, at which time
the 125-V dc emergency lighting system is automatically turned on. The control room
emergency lighting fixtures are fed from either the A or B station batteries. In the event of
loss of either battery there is a transfer switch in the control room by which the operators can
manually switch the emergency lighting feed from one train to the other. Should loss of either
battery occur in the emergency lighting mode, an 8-hour-rated emergency light fixture located
near the transfer switch shall remain functional to provide sufficient lighting to perform the
transfer. The 125-V dc power supply up to the point of termination at the emergency lighting
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fixtures is Class 1E and Seismic Category I. The emergency lighting fixtures are standard. A
prototype fixture has been seismically tested in accordance with IEEE 344-1975 to ensure
continued operation of the fixtures in the event of an earthquake. In addition, an analysis of
the seismically reinforced suspended ceiling has been performed to ensure that the ceiling,
including the normal and emergency lighting fixtures, does not create a hazard to control
room personnel or safety-related equipment during a seismic event.
A security lighting system along the fence at Ginna Station has been provided. The system
has been designed to meet the requirements of ANSI 18.17, Industrial Security Plans for
Nuclear Power Plants (see Section 13.6).
9.5.4

DIESEL GENERATOR FUEL OIL STORAGE AND TRANSFER SYSTEM

The diesel generator fuel oil storage and transfer system is shown in Drawing 33013-1239,
Sheets 1 and 2.
The minimum permissible onsite fuel inventory is 10,000 gal (5000 gal for each diesel
generator). This minimum diesel fuel oil inventory is maintained to ensure that both diesel
generators can operate at their design ratings for 24 hours. This ensures that both diesel
generators can carry the design loads of required engineered safeguards equipment for any
loss-of-coolant accident conditions for at least 40 hours, or for one engineered safety feature
train for 80 hours. Additional diesel fuel is stored at Ginna outside the protected area, near
the warehouse, in two buried tanks that have a combined working capacity of 35,000 gallons.
Trucking facilities exist to ensure deliveries of additional fuel oil within 8 hours.
Fuel oil is provided to each diesel engine by a 350-gal day tank located at the engine. When
the engine starts, the engine-driven fuel pump provides fuel from the day tank. Each diesel
generator day tank is normally supplied from its 6000-gal underground storage tank. A 480V fuel oil transfer pump for each diesel engine pumps fuel oil at approximately 23 gpm at a
discharge pressure of 15 psig from either storage tank to either day tank. A cross-connection
allows each transfer pump to supply either day tank. The suction line to each fuel oil transfer
pump includes a duplex strainer that can be serviced without interrupting flow. One fuel oil
transfer pump has the capacity to supply both diesel generators at 110% load. Analysis shows
the fuel oil consumption of one diesel generator is between 2.85 and 2.90 gpm at 110% load,
including all uncertainties. The plant process computer system provides alarms on high and
high-high differential pressure across each duplex strainer and on high and low-low fuel oil
level in each day tank.
A local control switch in the diesel room for the transfer pump has two positions. In RUN,
the pump will run until the day tank is full, then a fill line valve closes and a bypass valve
opens to recirculate back to the storage tank. When the level in the day tank decreases, the
valves will reposition to supply the day tank. In AUTO, the transfer pump starts when its
diesel is running and the level in the respective day tank falls to a low level. The pump
continues to run until its diesel is stopped. Again when the diesel day tank is full, the fill line
valve closes and the bypass valve opens. Low level in either day tank is alarmed in the
control room. Heat tracing is provided to maintain the fuel oil temperature in exposed pump
suction piping in the event of a loss of heat in the diesel generator rooms. The heat tracing is
thermostatically controlled to maintain the fuel oil in the pipe above 40F. This provides
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sufficient margin above the point at which this portion of the suction piping could be
considered inoperable based on the cloud point of the fuel oil, 23F.
Watertight doors have been installed on the concrete manways of the underground diesel-oil
storage tanks. These doors prevent the accumulation of water in the manways that might seep
into the oil through the flanged manhole on the top of each storage tank.
The diesel generator fuel oil storage and transfer system surveillance tests and conditions for
operation are provided in the Technical Specifications.
9.5.5

DIESEL GENERATOR COOLING SYSTEM

The diesel generator cooling system is shown in Drawing 33013-1239, Sheets 1 and 2.
The diesel generators are supplied with cooling water from the service water (SW) system.
Service water (SW) is directed to the lube-oil cooler and jacket water coolers for each diesel
generator, through two normally closed AOVs in parallel. The AOVs open on a diesel
generator start signal is less than 10 seconds. The service water (SW) lineup is made reliable
by ensuring that the service water (SW) crossover valves remain open at all times. This
ensures that no matter which service water (SW) pump is selected to automatically start
during an emergency, and no matter which diesel starts, the diesel that is running will receive
cooling water. The 1A and 1C service water (SW) pumps are powered from bus 18 which
can be supplied by diesel generator 1A. A selector switch in the screen house allows selection
of either pump to automatically start. The 1B and 1D service water (SW) pumps receive
their power from bus 17 which can be supplied from diesel generator 1B. Another selector
switch in the screen house is provided for this set of pumps’ automatic start feature.
An alternative means for diesel generator cooling is provided via a valve installed in the
service water (SW) cooling to each diesel generator. The valve allows the connection of fire
hoses from a fire protection valve in the diesel generator room in case of failure of the service
water (SW) pump during diesel generator operation.
The cooling water is heated by jacket water heaters. Below each diesel is a subbasement
which contains the buswork for that diesel. To prevent flooding of this area, a vault pump is
provided for each diesel. This runs automatically as required to remove any accumulation of
water.
9.5.6

DIESEL GENERATOR STARTING SYSTEM

The diesel generator starting system is shown in Drawing 33013-1239, Sheets 1 and 2.
Two 20-ft3 air receiver tanks are provided to start each diesel. Each diesel generator air start
system has a 480-V air compressor. Diesel generator 1A air compressor receives its power
from the motor control center which can be supplied from diesel generator 1B. Diesel
generator 1B air compressor receives its power from the motor control center which can be
supplied from diesel generator 1A.
Each air system is utilized to crank the diesel with air to start the diesel within 10 sec. The
compressors will automatically start at a nominal pressure of 230 psig to charge the receivers,
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and will automatically stop at a nominal receiver pressure of 250 psig. A relief valve set at
275 psig provides overpressure protection. Starting air from the air receiver tanks is initially
supplied to two air regulators. The air regulators reduce the pressure to a nominal pressure of
130 psig to supply the air distributors. Air pressure required for starting the engine is 80 to
150 psig.
Additional testing performed during the 1992 MODE 6 (Refueling) outage demonstrated that
with an initial pressure of 225 psig the air start system receiver tanks are sufficient to crank
the diesels for a minimum of five starts without recharging the receivers and that the air start
systems are capable of starting the diesels with a minimum air supply pressure of 80 psig.
Parallel dc-powered solenoid valves will open to admit air to the air start motor for each diesel.
One solenoid valve is supplied from battery 1A and the other from battery 1B. The diesel air
start systems can be cross-connected by two valves in series.
Periodic testing requirements of the diesel generator starting systems are provided in the
Technical Specifications.
9.5.7

DIESEL GENERATOR LUBRICATION SYSTEM

A simplified diagram of the diesel generator engine lubrication system is shown in Figure
9.5-6. Lubrication of the engine is accomplished by a pre-lube pump and an engine-driven
lube-oil pump. The engine must be kept prelubed and preheated to provide immediate
starting. When the engine starts, the prelube pump and heater are deenergized and the
engine-driven lube-oil pump provides oil flow.
9.5.8

DIESEL GENERATOR COMBUSTION AIR INTAKE AND EXHAUST

Fresh air for combustion is drawn into the engine through a filter and distributed to the
cylinders by an air intake manifold. Turbocharging is used to increase flow or volume of air.
This consists of a turbocharger driven by exhaust gases of the engine. Compressing the air
with the turbocharger increases the temperature of the air. Since air intake temperature
should be as low as possible for maximum operating efficiency, the air must be cooled
before entering the cylinders. The system is shown in Drawing 33013-1239, Sheets 1 and 2.
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Table 9.5-1
FIRE SERVICE WATER HOSE REEL LOCATIONS
Hose Reel
Number

Building

Floor

Locationa

1

Turbine

Basement

Elevator

2

Turbine

Basement

Battery room

3

Turbine

Basement

Diesel generator rooms

4

Turbine

Basement

Steam generator feedwater
pumps

5

Turbine

Intermediate

Elevator

6

Turbine

Intermediate

4160 bus

7

Turbine

Intermediate

Air ejector

8

Turbine

Intermediate

5A heater

9

Turbine

Turbine

Elevator

10

Turbine

Turbine

Control room

11

Turbine

Turbine

North wall

12

Intermediate

Level four

West

13

Intermediate

Level four

East

14

Intermediate

Level three

East

15

Intermediate

Level three

West

16

Intermediate

Level two

West

17

Intermediate

Level two

East

18

Intermediate

Level one

East

19

Intermediate

Level one

West

20

Intermediate

Level one

South

21

Intermediate

Level two

Nuclear sample room

22

Auxiliary

Operating

West

23

Auxiliary

Operating

Center

24

Auxiliary

Operating

East

25

Auxiliary

Intermediate

East

26

Auxiliary

Intermediate

Center

27

Auxiliary

Intermediate

West

28

Auxiliary

Basement

West
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Hose Reel
Number

Building

Floor

Locationa

29

Auxiliary

Basement

Center

30

Auxiliary

Basement

East

31

Screen house

Main

Fire pumps

Resin tank
area

Northwest center

32

a.

All-volatiletreatment
building

33

Containment

Operating

East

34

Containment

Operating

West

35

Containment

Mezzanine

East

36

Containment

Mezzanine

West

37

Containment

Basement

East

38

Containment

Basement

West

39

Service

Ground

North hall

40

Service

Main

North hall

41

All-volatile-treatment
building

Technical
support center

North

42

All-volatile-treatment
building

Technical
support center

South

43

Canister Preparation
Building (CPB)

Operating

North West

Location indicates area served by the water hose, not necessarily the location of the water hose reel.
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Table 9.5-2
Power Block Buildings
Reactor Containment Building
Auxiliary Building
Canister Preparation Building
Turbine Building
Control Building Complex
Diesel Generator Building
Screen House
Intermediate Building
Intake Structure
Standby Auxiliary Feedwater Pump Building
Cable Tunnel
Primary Hydrogen Storage Building
Secondary Hydrogen Storage Building
Nitrogen Storage Building
Service Building
Condensate Demineralizer Building
Transformer Yard
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Figure 9.1-1

Fuel Handling Structures
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Figure 9.1-2

Figure DELETED
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Figure 9.1-3

Arrangement of Spent Fuel Storage Racks
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Figure 9.1-4

Figure DELETED
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Figure 9.1-5

Figure DELETED
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Figure 9.1-6

Figure DELETED
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Figure 9.1-7

Spent Fuel Pool Cooling Cycle
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Figure 9.1-8

Figure DELETED
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Figure 9.1-9
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Figure 9.1-10 Reactor Vessel Head Lifting Device
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Figure 9.1-11 Fuel Handling Devices
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Figure 9.3-1

Maximum Tritium Activity Released to Primary Coolant
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Figure 9.5-1
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Figure 9.5-2
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Figure 9.5-3
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Figure 9.5-4
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Figure 9.5-5
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Figure 9.5-6

Diesel Engine Lubricating Oil Systems (Simplified)
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STEAM AND POWER CONVERSION SYSTEM
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10.1
10.1.1
10.1.1.1

INTRODUCTION
SUMMARY DESCRIPTION
Functional Description

The conversion of the heat produced in the reactor to electrical energy is accomplished by the
steam and power conversion system.
Steam from each of the two steam generators supplies the turbine where the steam expands
through the high-pressure turbine, and then flows through moisture separators, reheaters, and
intercept valves to two double flow, low-pressure turbines, all in tandem. Five stages of
extraction are provided, two from the high-pressure turbine, one of which is the exhaust, and
three stages from the low-pressure turbines.
The steam that leaves the exhaust of the low-pressure turbine enters the main condenser as
saturated steam. The steam is condensed by the circulating water, which passes through the
tubes of the condenser.
Condensate is taken from the condenser hotwell through the condensate pumps, condensate
demineralizers and bypass valve to the suction of the condensate booster pumps. The
condensate booster pumps flow condensate through the condensate cooler, hydrogen coolers,
air ejector condensers, gland steam condenser, and low-pressure heaters to the suction of the
feedwater pumps. The feedwater pumps send feedwater through the high-pressure heaters to
the steam generators.
Drains from the high-pressure heater are cascaded together with drains from the four
reheaters to the No. 4 low-pressure heater and then to a drain tank. The moisture separators
also drain to this tank. The heater drain pump discharges to the feedwater pump suction.
Drains from the first three low-pressure heaters cascade to the condenser.
The main steam lines have four safety valves on each line, which provide pressure relief to
the atmosphere for the steam generators. There are also two steam dump lines with four relief
valves each to the condenser and one atmospheric steam dump valve (power-operated relief
valve) on each line for long term plant cooldown by atmospheric steam discharge if
condenser steam dump is not available. Each steam line is equipped with a fast closing Main
Steam Isolation Valve (MSIV) and a Main Steam non-return check valve. The isolation and
non-return valves are located outside of the containment. These valves prevent reverse flow
in the steam lines which would result from an upstream steam line break or they isolate a
downstream steam line break at the common header.
The feedwater lines are equipped with a non-return check valve and an air operated isolation
valve in each line. The non-return valve is the boundary between Seismic Category I and
non-seismic feedwater piping and prevents the steam generator from blowing back through
the feedwater lines if damage occurs to the non-seismic portion.
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10.1.1.2

Radioactivity

Radiation shielding is not required for the components of the steam and power conversion
system. Continuous access to the components of the system is possible during normal
conditions.
Under normal operating conditions, there are no radioactive contaminants present in the
steam and power conversion system unless steam generator tube leaks develop. In this event,
monitoring of the steam generator shell-side sample points and the air ejector offgas will
detect any contamination.
The limiting conditions to meet the guidelines of 10 CFR 20 for MODES 1 and 2 with leaks
through the steam generator tubes are established in the Technical Specifications.
Corrosion protection for the system is discussed in Section 10.7.7.
10.1.1.3 Major Systems
The major systems within the steam and power conversion system are as follows:
A. The main steam system produces dry saturated steam in the steam generators and directs it
to the main turbine and auxiliary equipment. The system is discussed in Section 10.3.
B. The main turbine acts to convert the thermal energy of the steam into mechanical energy.
The mechanical energy drives the main generator for the production of electrical energy.
The turbine generator and the turbine generator control systems are discussed in Section
10.2.
C. The condensate and feedwater systems function to condense the steam exhausted from the
low-pressure turbines, collect and store this condensate, and then send it back to the steam
generator for reuse. The systems are discussed in Section 10.4.
D. The preferred auxiliary feedwater system supplies water to the steam generators when the
normal feedwater system is not available. The system is discussed in Section 10.5.
E. The standby auxiliary feedwater system supplies water to the steam generators in the event
of a loss of preferred auxiliary feedwater flow, and thus provides a reliable means of
residual heat removal in the event that all other sources of feedwater are lost. The system is
discussed in Section 10.5.
F. The circulating water system provides the means for condensing the steam exhausted from
the low-pressure turbines in the main condensers. It also provides a reliable supply of water
for the service water (SW) system and the fire protection system. The system is discussed
in Section 10.6.
In addition to the major systems listed above, the steam and power conversion system
includes systems with supporting or interfacing functions. They are discussed in Section 10.7
and include
•

The steam dump system (Section 10.7.1).

•

The heater drain system (Section 10.7.2).
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•

The extraction steam system (Section 10.7.3).

•

The condensate storage system (Section 10.7.4).

•

The steam generator blowdown system (Section 10.7.5).

•

The turbine and generator auxiliary systems (Section 10.7.6).

•

The secondary chemistry control systems (Section 10.7.7).

The design parameters of some of the major components used in the steam and power
conversion system are listed in Table 10.1-1.
10.1.2
10.1.2.1

DESIGN BASES
System Design

The turbine generator system consists of components of conventional design, acceptable for
use in large central power stations. The equipment is arranged to provide the best possible
thermal efficiency without compromising safety.
The main steam and condensate and feedwater systems are designed to remove heat from the
reactor coolant in the two steam generators, producing steam for use in the turbine generator.
The systems can receive and dispose of, through cooling and atmospheric relief valves, the
total heat existent and produced in the reactor coolant system following an emergency
shutdown of the turbine generator from a full load condition.
All of the equipment in the turbine generator systems was originally designed to produce a
maximum calculated gross output of 516,739 kW. With plant uprate to 1775 MWt the
equipment was verified as being capable to support a gross electrical output of 612,855 kW.
The system design provides means to monitor and restrict radioactivity migration to the
normal heat sink or environment such that, considering all controlled plant discharges, 10
CFR 20 limits are not exceeded under conditions of MODES 1 and 2 and under anticipated
system malfunctions or failures.
The system design provides sufficient feedwater under conditions of loss of power and loss of
normal heat sink to maintain flow, as required, to the steam generators until power is restored
or the reactor heat load is accommodated by other systems.
The electric transmission system directs the power conversion system to provide load
changes up to generation step load increases of 10% of full power and ramp increases of 5%
of full power per min within the load range of 12.8% to 100% of full power without reactor
trip subject to possible xenon limitations late in core life. Similar step and ramp load
reductions are possible within the range of 100% to 12.8%. Turbine trip from 50% of full
power can be sustained without a reactor trip with the supplemental use of steam dump to
the condenser. Complete loss of load, when operating above 50%, will cause a reactor trip.
The system design incorporates backup means of heat removal (modulating relief valves and
safety valves) under any loss of normal heat sink (e.g., main steam stop valves trip, condenser
isolation, recirculating water loss of flow) to accommodate reactor shutdown heat rejection
requirements. Planned system atmospheric discharges under MODES 1 and 2 are made only
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if atmospheric releases are acceptable under considerations of 10 CFR 20. All such
discharges are monitored for acceptable radiation levels. Technical Specifications on
secondary side activity ensure that releases are minimized during transients.
The steam and power conversion system provides steam for driving the turbine driven
auxiliary feedwater pump (TDAFW) and for turbine gland steam, reheater steam, and air
ejector operation in addition to supplying the turbine generator.
10.1.2.2

Codes and Classifications

The codes and classifications used in the design of the main steam system, the feedwater
system, the preferred auxiliary feedwater system, and the standby auxiliary feedwater system
appear in Table 3.2-1. The table lists the systems and components along with the current code
requirements, the codes and standards used when the plant was built, the seismic
classification in accordance with Regulatory Guide 1.29, and the seismic classification used
in the plant design.
As part of the Systematic Evaluation Program (SEP) the codes, standards, and classifications
to which the station was built were compared to current code requirements. It was generally
concluded that changes between original and current code requirements do not significantly
affect the safety functions of the systems and components reviewed. Details of the review of
codes and classifications at Ginna Station are discussed in Section 3.2.2.
10.1.3

SYSTEM EVALUATION

10.1.3.1

Variables Limits Functions

Trips, automatic control actions, and alarms will be initiated by deviations of system variables
within the steam and power conversion system. In the case of automatic corrective action in
the steam and power conversion system, appropriate corrective action will be taken to protect
the reactor coolant system. The more significant malfunctions or faults which cause trips,
automatic actions, or alarms in the steam and power conversion system are:
1. Turbine trips.
a.

Generator/electrical faults.

b.

Loss of both circulating water pumps.

c.

Low condenser vacuum.

d.

Thrust bearing failure.

e.

Low lube-oil pressure.

f.

Loss of both main feedwater pumps.

g.

Turbine overspeed.

h.

Reactor trip.

i.

Manual trip.

2. Automatic control actions.
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a.

High level in steam generator stops feedwater flow.

b.

Normal and low level in steam generator modifies feedwater flow by continuous
proportional control.

3. Principal alarms.
a.

Low pressure at feedwater pump suction.

b.

Low vacuum in condenser.

c.

Low water level in condenser hotwell.

d.

High water level in condenser hotwell.

e.

High temperature in low-pressure turbine exhaust hood.

f.

Low NPSH margin at feedwater pump suction (shown on Plant Process Computer
System PPCS).

10.1.3.2

Transient Effects

A reactor trip from power requires subsequent removal of core decay heat. Immediate decay
heat removal requirements are normally satisfied by the steam bypass to the condensers.
Thereafter, core decay heat can be continuously dissipated via the steam bypass to the
condenser as feedwater in the steam generator is converted to steam by heat absorption.
Normally, the capability to return feedwater flow to the steam generators is provided by
operation of the turbine cycle feedwater system. One motor-driven auxiliary feedwater
pump (MDAFW) can supply sufficient feedwater for removal of decay heat from the plant.
In the unlikely event of complete loss of offsite electrical power to the station, decay heat
removal would continue to be ensured by the availability of one steam-driven, and/or one of
two motor-driven auxiliary (MDAFW) or standby auxiliary feedwater pumps (SAFW), and
steam discharge to the atmosphere via the main steam safety valves (MSSV) and/or the
atmospheric relief valves (ARV). The preferred auxiliary feedwater system utilizes the two
motor-driven pumps with each pump delivering feedwater into an associated steam generator
and a steam-driven pump to deliver flow to both steam generators. In this case feedwater is
available from two condensate storage tanks (CST) by gravity feed to the preferred auxiliary
feedwater pumps. Each condensate storage tank (CST) has a nominal capacity of 30,000 gal
of water for a total nominal capacity of 60,000 gallons. Actual usable volume is less than
60,000 gallons. The minimum amount of water in the condensate storage tanks (CST), given
in the Technical Specifications (24,350 gal), is the amount needed to remove reactor decay
heat for 2 hrs of operation after reactor trip at full power. If the need is more than a 2-hr
supply and additional water is not available in the condensate storage tanks (CST), additional
sources can be made available. These include the condenser hotwell and the all-volatiletreatment storage tank. Further, Lake Ontario water could be used. This water supply is
available from the lake via the service water (SW) system for an indefinite time period.
Finally, water could be made available from the yard fire hydrant system.
In the event of a high energy line break or other event that would render inoperable the three
preferred auxiliary feedwater pumps, the standby auxiliary feedwater system can provide the
necessary feedwater for removal of decay heat from the plant. Each standby auxiliary feed
water pump (SAFW) delivers feedwater into an associated steam generator. Feedwater is
available from the service water (SW) system, a 160,000 gallon DI water storage tank, or
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from the yard fire loop.
10.1.3.3

Secondary-Primary Interactions

Following a turbine trip, from power levels above 50% full power, the control system reduces
reactor power output immediately by a reactor trip. The steam bypass to the condenser
together with the action of the control rods can handle all the steam relief without lifting the
main safety valves.
In the event of failure of one feedwater pump, the feedwater pump remaining in service will
carry approximately 60% of full load feedwater flow. If both main feedwater pumps fail, the
turbine will be tripped and the motor-driven auxiliary feedwater pumps (MDAFW) will start
automatically. If the reactor is operating above 50% of full power at this time, the reactor will
trip.
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Table 10.1-1
STEAM AND POWER CONVERSION SYSTEM COMPONENT DESIGN
PARAMETERS
Turbine generator
Turbine type

Three-element, tandem-compound, four-flow
exhaust

Turbine capacity
Maximum guaranteed, kW

585,000 @ 1775MWt

Maximum gross output, kW

613,640

Turbine speed, rpm

1800

Generator rating, kVA

667,000

Condensers
Number

Two

Type

Radial flow, semi-cylindrical water boxes,
deaerating

Condensing capacity, lb of steam/hr

4,235,070

Condensate pumps
Number

Three

Type

Multistage, vertical, pit-type, centrifugal

Design capacity (each), gpm

6600

Motor type

vertical

Motor rating, hp

1500

Feedwater pumps
Number

Two

Type

Single stage, double flow, centrifugal

Design capacity (each), gpm

8800

Motor type

Horizontal

Motor rating, hp

5500
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Condensate booster pumps
Number

Three (50% capacity each)

Type

Horizontal single stage, centrifugal

Design capacity, gpm

5400

NOTE: Pump PCD01A has a higher capacity to accommodate future EPU requirements.
Motor rating, hp

500

Auxiliary feedwater
Sources

30,000 gal in each of two condensate storage
tanks
28,000 gal in each of two condenser hotwells
100,000 gal all-volatile-treatment storage tank
Unlimited service water
Yard fire hydrant system

Auxiliary feedwater pumps
Number

Three (one steam-driven and two motor-driven)

Design capacity (each), gpm

400 (steam-driven)
200 (motor-driven)

Standby auxiliary feedwater (SAFW)
Sources

Service water
Yard fire hydrant system
160,000 gallon DI water storage tank

Standby auxiliary feedwater (SAFW) pumps
Number

Two (motor-driven)

Design capacity (each), gpm

215

Main steam isolation valves
Number

2

Type

Atwood and Morrill

Flow design capacity, lb/hr

3.29 x 106 at 770 psia

Closure time (without flow), sec

5
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Main steam safety valves
Number

8

Type

Crosby

Capacity (each), lb/hr

797,689: two valves at 1085 psig +3%
accumulation
837,600: six valves at 1140 psig +3%
accumulation

Condenser steam dump valves
Number

8

Type

Copes Vulcan

Capacity, lb/hr

302,500 at 695 psig

Atmospheric steam dump valves
Number

2

Type

Masoneilan

Capacity (each), lb/hr

329,000 at 1005 psig (normal)
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TURBINE GENERATOR AND CONTROLS

10.2
10.2.1

MAIN TURBINE

10.2.1.1

Description

The main turbine is made up of one high-pressure and two low-pressure turbines, all mounted
on a common shaft. The steam flow path is first through the high-pressure turbine, then in a
parallel path to the two low-pressure units via the four moisture separator reheaters. The
main turbine is a three-element, tandem compound, four-flow exhaust, 1800 rpm unit with
40-in. last row blades. Both the high- and low-pressure elements are of the double flow
design. As a part of the plant uprate to 1775 MWt, the HP Turbine was modified from a
partial arc design to a full arc design; and the rotating and stationary blading of the HP
Turbine was replaced with a new design. Additionally, the four HP Turbine control valves
were replaced with larger valves to decrease throttling losses in control valves.
The turbine has a maximum guaranteed gross rating of 496,322 kW when operating with inlet
steam conditions of 730 psia, 508F full throttle temperature, exhausting at 1.35 in. of
mercury absolute, 0% makeup, and with five stages of feedwater heating in service.
High-pressure steam is admitted to the high-pressure turbine through two stop and four
governing control valves. These valves are controlled by the electro-hydraulic control
system discussed in Section 10.2.3. The flow guide is made up of a single nozzle chamber to
allow full 360-degree steam entry at full power. Steam flows axially in both directions
through 11 stages of pressure reaction blading.
The high-pressure turbine exhaust steam is directed through the preseparators to four
combination moisture separator reheaters where the steam is superheated. This is
accomplished by:
A. Moisture separation.
B. Reheating the relatively dry steam.
The moisture is removed as the high-pressure exhaust steam rises through the multi-vane
chevron-configuration separators. The steam then flows over the reheater tube bundle where
it is superheated by steam from the main steam header. Entry into the low-pressure turbines is
through the reheater stop and intercept valves. Flow through the low-pressure turbines is
double axial flow through 11 stages of pressure reaction blading to exhaust into two singlepass condensers.
10.2.1.2
10.2.1.2.1

Turbine Controls
Description

High-pressure steam enters the turbine through two stop valves and four governing control
valves. One stop and two control valves form a single assembly which is anchored to the
foundation above the turbine room floor line. An electrohydraulic servo-actuator controls
each stop valve so that it is either in the wide-open or fully closed position. The control signal
for this servo-actuator comes from the mechanical-hydraulic overspeed trip portion of the
electrohydraulic control system. The major function of these stop valves is to shut off the
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flow of steam to the turbine in the event the unit overspeeds beyond the setting of the
overspeed trip. These valves are also tripped when the protective devices function. The
control valves are positioned by a similar electrohydraulic servo-actuator acting in response
to an electrical signal from the main governor portion of the electrohydraulic control system.
Upon loss of load resulting in a high rate of acceleration, the auxiliary governor portion of
the electrohydraulic control unit will act to close the control valves rapidly.
The steam, after passing through the stop and control valves, passes through the high-pressure
turbine and the preseparators, then through the moisture separator and reheater. The reheater
stop valves and reheater intercept valves are located between the reheater and the lowpressure turbine inlet. Their purpose is to control the steam flow to the low-pressure turbines
in the event of turbine overspeed. The reheater stop valve is an open-closed type valve that
is closed upon operation of the overspeed trip, similar to the operation described above for
the main stop valves. The reheater intercept valve is a positioned valve controlled from the
auxiliary governor portion of the electro-hydraulic control system. The use of intercept
valves provides the capability for the turbine generator to accept a 50% loss of external
electrical load without turbine trip; in this event, electrical power is maintained to the plant
auxiliaries.
Figure 10.2-1 illustrates the control of the steam admission valves (electrohydraulic
governing system). Any steam path has two valves in series which are controlled by
completely independent systems. Furthermore, the high-pressure oil system that actuates the
steam valves is completely independent of the low-pressure lube-oil. The turbine control
and protection system is fail-safe; any loss of oil pressure or voltage causes closure of the
steam valves.
The autostop valve is also tripped when any one of the protective trip devices is actuated. The
protective devices are all included in a separate assembly but connected hydraulically to the
overspeed trip relay.
Trip of the turbine generator initiates a reactor trip to prevent excessive reactor coolant
temperature and/or pressure.
10.2.1.2.2

Automatic Load Reduction

Automatic turbine load runback is initiated by two-of-four coincidence overpower delta T
channels or two-of-four coincidence overtemperature delta T channels (see Section 7.7.1.2.8).
10.2.1.3

Turbine Disk Integrity

Turbine disk cracking was investigated and analyzed by Westinghouse Corporation in a
proprietary report submitted to the NRC in June 1981. The report recommended criteria for
scheduling disk inspections that provide a very low probability of disk failure prior to
inspection. A safety evaluation report on these criteria was issued by the NRC on August 28,
1981. (Reference 1) Rochester Gas and Electric Corporation committed to inspect and
reinspect the low-pressure rotor disks on a schedule consistent with the Westinghouse criteria
as outlined in Reference 1 (see Section 3.5.1.2). The impact of the uprate (1775 MWt)
operating conditions on LP Turbine disk cracking was evaluated and no changes to the
normal disk inspection frequency was required.
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10.2.1.4

Turbine Supervisory Instrumentation

Turbine supervisory instrumentation is provided to monitor turbine vibration, eccentricity,
and differential thermal expansion and provide alarms in the control room in the case of
abnormal conditions.
The turbine supervisory instrumentation system includes a proximity transducer system,
which uses non-contacting pickups for measuring the gaps of the following sensors: radial
vibration, key phasor reference, eccentricity, and thrust position. The proximity transducer
system consists of a proximeter, which is supplied with dc voltage from the system power
supply. The proximeter produces a radio frequency signal, which is supplied to the 8-mm
proximity probes through an extension cable. The radio frequency signal sets up an eddy
current signal across the air gap being measured. This eddy current reduces the return signal
to the proximeter, which conditions the signal for display on a digital monitor.
Thermal case expansion of the turbine is measured with a linear variable differential
transformer (LVDT) transducer assembly. The LVDT is supplied with dc voltage by the case
expansion analog indicator to which it is connected.
Differential expansion of the turbine shaft is measured at the shaft ends by 25-mm probes
connected to 25-mm proximeters through 25-mm extension cables. The output from the
differential expansion proximeters is transmitted to differential expansion monitors in the
turbine supervisory instrument rack in the control room.
Digital monitors are provided to display the outputs of the following proximeters: nine x-y
radial vibration monitors, one eccentricity monitor, one thrust position monitor, one case
expansion monitor, and two differential expansion monitors.
Relay modules are provided to actuate control room annunciators for high vibration, rotor
eccentricity, differential expansion, and rotor position.
The system automatically receives alarms for an abnormal condition. Readings of vibration,
eccentricity, etc., may either be read in the rear of the main control board on the individual
monitors, on the recorder, or may be called up on a CRT monitor available to both
maintenance and engineering personnel.
10.2.2

MAIN GENERATOR

The main generator is a totally enclosed, pressurized, hydrogen gas cooled, four pole, threephase ac generator. The generator at full load is rated to produce 613.64 MW at an 0.92
power factor. The generator rating is 667 MVA at 0.92 power factor and 60 Hz at 1800 rpm,
with 60 psig hydrogen pressure. The generator has sufficient capability to accept the gross
kilowatt output of the steam turbine with its control valves wide open at rated steam
conditions.
The generator uses a brushless generator exciter system and voltage regulator. Direct current
voltage to the field windings of the generator is supplied by the brushless exciter system.
Three-phase power is supplied to the voltage regulator circuit through the exciter field
breaker by the permanent magnet generator. The permanent magnet generator is mounted on
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the end of the exciter shaft and consists of 28 permanent magnets, which induce a voltage in
the stator windings. Automatic and manual control of the generator field voltage is provided
by the voltage regulator circuit. The voltage regulator provides control during normal and
transient system operations by receiving power from the permanent magnet generator stator
windings. The rotating bridge rectifier assembly supplies regulated dc voltage to the
generator field windings. In the event of a generator trip, whether automatic or manual, a
rapid deexcitation circuit is energized for 3 seconds to collapse the generator field before the
generator field breaker opens. The generator exciter is totally enclosed. Air flow from a
blower attached to the generator shaft is cooled by an installed cooler.
10.2.3
10.2.3.1

ELECTROHYDRAULIC CONTROL SYSTEM
Function

The electrohydraulic control system performs the following functions:
A. Controls the position of the valves that admit steam to the high-pressure turbine (four
control valves).
B. Positions the valves that isolate the steam supply to the high-pressure and low-pressure
turbines (two high-pressure turbine stop valves, four reheater stop valves, and four reheater
intercept valves).
C. Responds automatically to an operator input.
D. Allows direct operator control.
E. Responds to automatic protective signals and devices.
F. Alerts the operator to malfunctions of the component parts of its system.
The function of the high-pressure fluid control system is to provide a motive force which
positions the turbine steam valves in response to electronic commands from the electronic
controller, acting through the servo-actuators. The fluid control medium is a fireproof
triarylphosphate ester base fluid. The fluid is stored in a stainless steel reservoir assembly on
which is mounted a duplicate system of fluid pumps, controls, filters, and heat exchangers.
The system is so arranged that one pump and one set of the various control components
function while the duplicate set serves as a standby system.
10.2.3.2

Components

The electrohydraulic control system has a 200-gal stainless steel reservoir tank which
provides the suction for the pumps and storage for the returned fluid. Inside the reservoir is
a common filter suction which is constructed of 140-micron wire screen.
Two positive displacement pumps, 27.2 gpm each, with a design pressure of 4000 psig, supply
the force for fluid circulation. Each pump discharges through a double section filter. The pump
discharge filters are steel-backed 10-micron cartridge filters with a differential pressure switch
set at 100 psid to warn the operator of filter clogging.
There are two pilot-operated unloader valves on the discharge side of the pumps, which
regulate electrohydraulic control fluid pressure between 1600 to 2200 psig. The unloader
valves
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"unload" the pump discharge back to the reservoir when fluid pressure reaches 2200 psig.
The unloader shuts when header pressure drops to 1600 psig and redirects the pump
discharge to the high-pressure header.
System overpressure protection is provided by a relief valve actuation at 2350 psig. The
relief valve returns the fluid to the reservoir.
A control block manifold mounted on the reservoir top is machined for the assembly of the
following:
•

Two differential switches.

•

Four metal mesh 10-micron pump discharge filters.

•

Two unloading valves.

•

Two check valves from discharge.

•

One relief valve.

•

Two manual shutoff valves to the unloading valves.

There are four high-pressure accumulators mounted in a supporting rack. They are connected
through manual isolation valves to the manifold block. Each accumulator consists of a
cylinder that encloses a free piston fitted with ring seals. Hydraulic fluid pressure on the
lower side of the piston is opposed by a 1250-psig pressure charge of nitrogen gas on the
upper side.
Fluid from valve operation or trip functions enters a common drain line, and is directed to a
three-way valve. This valve permits the operator to select one of two heat exchangers and
return filters for service or to bypass the filters and heat exchangers. There are two heat
exchangers mounted on the side of the reservoir. Fluid returning to the reservoir flows in the
shell side while service water flows through the tube bundle. Also mounted on the side of the
reservoir are two disposable cotton-cellulose cartridge-type filters. Upon leaving the heat
exchangers or bypass line, the fluid is returned to the reservoir.
A bypass filter system provides the capability for continuous circulation of approximately 1
gpm of high-pressure fluid to the reservoir via a fuller's earth filter which is mounted in series
with a corrugated cellulose filter. This assembly is located in an orificed line from the highpressure fluid header (manual isolation provided). The fuller's earth filter is used for acid and
water removal control of the fluid and the cellulose filter is used for contaminant control of
the fluid.
10.2.3.3

Alarms and Controls

The alarms for the electrohydraulic control system on the main control board are the
electrohydraulic reservoir level and the electrohydraulic system reservoir pressure
temperature alarms.
A. Electrohydraulic reservoir level-high level alarm, low level alarm, low-low level alarm,
and low-low level pump trip.
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B. Electrohydraulic system pressure-return pressure greater than 30 psig, low pressure 1450
psig, discharge filter discharge pressure greater than 100 psig, and temperature greater than
140F.
C. EH System stand-by pump auto start is set at 1400 psig.
The controls for the two electrohydraulic control pumps are start/stop switches located on the
main control board.
The valves controlled by the electrohydraulic control system are:
•

High-pressure turbine stop valves.

•

High-pressure turbine control (governing) valves.

•

Reheater stop valves.

•

Reheater interceptor valves.

The high-pressure turbine stop valves are two hydraulically opened, spring-closed valves that
isolate the high-pressure turbine inlet from the high-pressure steam supply. They are
designed to close rapidly when the unit trips to remove the source of motive power from the
turbine.
The high-pressure control (governing) valves are four hydraulically opened, spring-closed
valves that control the steam flow into the flow guide for the high-pressure turbine. They
must do this in order to control unit speed when the generator is not connected to the grid and
to control generator load when connected to the grid.
The reheater stop valves are four hydraulically opened, spring-closed valves which are used to
isolate the steam supply to the low-pressure turbine. They close rapidly on a unit trip and
prevent the stored steam contained in the moisture separator reheater unit and interconnecting
piping from reaching the low-pressure turbine causing a possible overspeed condition.
The reheater interceptor valves are four hydraulically opened, spring-closed valves used to
limit the steam flow to the low-pressure turbine following a partial or complete load rejection.
10.2.2.1
10.2.3.4.1

Turbine Trip Devices
Overspeed Trip Mechanism

The overspeed trip mechanism consists of an eccentric weight mounted on the turbine rotor
extension shaft. The weight is offset from the center so that centrifugal force tends to move it
outward. The weight is normally held in place by the compression of a spring. The valve
trigger normally holds the trip valve closed by oil pressure being opposed by spring tension.
When the turbine overspeeds, the spring compression is overcome by centrifugal force. The
weight moves out to strike a trigger, which trips the overspeed trip valve and releases the auto
stop oil which trips the turbine. This trip is set at a value less than 109.3% of design speed.
A manual means of testing the trip mechanism while at load is provided.
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10.2.3.4.2

Auxiliary Governor

If the auxiliary governor senses an overspeed condition at 103% of 1800 rpm, high-pressure
fluid from the top of the dump valve pistons of the reheater intercept valves will be dumped
through the stop valve emergency trip line in the drain header. This action will close the
reheater intercept valves. As soon as the overspeed condition clears, backpressure will be
restored to the check valve in the emergency trip line and the reheater intercept valves will
reopen.
The overspeed condition will also dump fluid from the dump valves associated with the
turbine control valves, causing them to modulate closed until the overspeed condition clears.
10.2.3.4.3

Protective Trip Devices

Protective trip devices are included in a separate assembly. These devices include:
A. Low bearing oil pressure trip - On a low bearing oil pressure trip, a spring-loaded
diaphragm at 6-psig bearing oil pressure will move downward and raise the protective
trip dump relay, dumping auto stop oil pressure. An alarm will sound at 10 psig
decreasing.
B. Solenoid trip - On a solenoid trip signal, the solenoid energizes and raises the protective trip
dump relay, dumping the auto-stop oil and tripping the turbine. The solenoid is energized
by the following:
1.

Reactor trip (from trip breakers).

2.

Manual pushbutton on the operator's console.

3.

Trip of all main feedwater pumps.

4.

Generator trip on a fault condition.

5.

Trip of all circulating water pumps.

C. Thrust bearing trip device - The thrust bearing trip device consists of two small nozzles
which have discharge openings close to the thrust collar faces. Oil is supplied to each
nozzle through orifices, and the pressure in the line is piped through ball check valves to a
spring-loaded diaphragm in the protective trip block. Should excessive wear occur, the
thrust bearing collar will move toward one of the nozzles and the pressure in the line will
increase. When pressure reaches 35 psig, a pressure switch will sound an alarm. If it
continues to rise to 75-80 psig, the diaphragm will move, raising the protective trip dump
relay dumping the auto-stop oil to the drain.
An electrical thrust bearing trip will trip the protective trip dump relay without time delay if
the turbine trips and if the thrust bearing trip pressure is greater than 35 psig.
D. Low vacuum trip - On a low vacuum trip, a spring-loaded diaphragm will raise the
protective trip dump relay, dumping oil to the drain when vacuum decreases to 20 in. of
mercury. A latch is provided to permit starting the unit when vacuum is low. The latch falls
out automatically when vacuum reaches a value of 20 to 24 in. of mercury. Even if latched
below this value, the trip will function if a positive pressure of 2.5 to 4.5 psig is developed
during the starting cycle.
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10.2.3.4.4

Testing and Inspection

There are three different tests of the turbine overspeed protection system performed on a routine
basis. At every turbine overhaul and at each refueling outage the following two tests are
performed:
A. Overspeed protective test - The turbine is oversped to the trip setpoint to close the stop,
governing, and interceptor valves. This test is only performed during power descent and
not repeated during power escalation unless problems are encountered.
B. As turbine is brought up to speed, the stop and governing valves are tested as a normal part
of the startup.
On a periodic basis the following two tests are performed:
A. One at a time the solenoid valves (20/ET, 20-1/AG, and 20-2/AG) are isolated from the
electrohydraulic control system and electrically actuated to verify operability.
B. The turbine stop, governing, and interceptor valves are tested (stroked) every 535 days
(References 2 and 3).
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REFERENCES FOR SECTION 10.2
1.

Letter from D. M. Crutchfield, NRC, to J. D. Maier, RG&E, Subject: Turbine Disc
Cracking (Ginna), dated August 28, 1981.

2.

0236-0076-CALC-001, Rev. 0, MPR Calculation - Risk Assessment of Steam Turbine
Valve Test Interval Extension, dated November 23, 2016.

3.

ECP-16-000732, Rev. 0000, Modify Main Turbine Valve Testing Frequency, dated
January 13, 2017.
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10.3
10.3.1

MAIN STEAM SYSTEM
DESIGN BASIS

The function of the main steam system is to produce dry saturated steam in the steam
generators and to direct it to steam-driven components and auxiliary systems. Most of the
steam is used by the main turbine.
The main steam system is designed to generate and contain saturated steam and transport it
from the steam generators to the main turbine during power operation. When the unit is in the
MODE 3 (Hot Shutdown) mode, the main steam system operates to maintain no-load TAVG
(547F) or it can be used to perform a plant cooldown.
The steam piping is designed to ensure correct steam distribution and pressures to all steam
operated equipment for all turbine loads. The steam and feedwater lines with their supports
and structures from the steam generators to their respective isolation valves are Seismic
Category I.
10.3.2
10.3.2.1

SYSTEM DESCRIPTION
Flow Path

The main steam flow diagram is shown in Drawings 33013-1231 and 33013-1232.
Feedwater entering the steam generator mixes with recirculated fluid and flows downward
around the tube bundle wrapper and enters the tube bundle where heat is transferred from the
reactor coolant to the feedwater producing steam. This wet vapor is then dried to a near
moisture-free condition as it exits the steam generator. The steam exits the steam generator
through an integral flow restrictor which limits excessive flow after which it passes through a
flow venturi to measure steam flow. It then enters the main steam line where it passes by the
main steam safety valves (MSSV) and an atmospheric relief valve (ARV), then through an
isolation valve (MSIV) and non-return check valve to the equipment it serves.
Steam supplied to the high-pressure turbine passes through a turbine stop valve (normally
open) and a control valve which is used to control the steam flow into the turbine. Some of
the steam supplied to the high-pressure turbine is extracted from various turbine stages and
sent to preheat the feedwater returning to the steam generator via the feedwater heaters which
are located in both the feedwater and condensate systems. Steam exiting from the highpressure turbine is directed through the pre-separators to the moisture separator reheaters
where the moisture is removed and the steam is superheated prior to entering the lowpressure turbines. The steam leaving the moisture separator reheaters passes through a
reheater stop valve and an intercept valve and then enters the low-pressure turbines. Some
of this steam is extracted from various turbine stages and used for feedwater preheating.
The total steam flow is approximately 7.7 x 106 lbm/hr with steam generator blowdown flow
ranging from 40-100 gpm per steam generator as needed to maintain secondary side water
chemistry within plant water chemistry requirements. This corresponds to a core power of
1775 MWt and an approximate 590 MWe net rating.
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10.3.2.2 Steam Generators
The steam generators form the boundary between the radioactive primary and the
nonradioactive secondary. There are two steam generators, each capable of delivering 3.9 x
106 lbm/hr saturated steam at 810 psig, at the steam generator outlet nozzle with an RCS
TAVG of 576F. The steam generator shells are constructed of carbon and low alloy steels
with the primary side divider plate being Alloy 690 and Alloy 600-clad tubesheet on the
primary side. The major components of the steam generator include the feed ring, blowdown
connections, tube bundle wrapper, moisture separators, and a steam flow restrictor. A detailed
discussion of the steam generators as part of the reactor coolant pressure boundary is in
Section 5.4.2.
Feed Ring
The replacement steam generator’s feedwater distribution system is a split ring design
connected via a T-section to a “goose-neck” assembly which is welded to the thermal sleeve
in the feedwater nozzle. Feedwater is distributed axisymmetrically around the downcomer
through Alloy J-tubes which discharge from the top of the feed ring. The use of Alloy Jtubes, the all welded design, the thermal sleeve and the "goose-neck" design satisfy all current
NRC recommendations with respect to waterhammer, provide flow stratification mitigation
and address industry concerns regarding corrosion, corrosion cracking, thermal fatigue, and
material erosion.
Tube Bundle Wrapper
The tube bundle wrapper encloses the tube bundle of 4765 Inconel tubes and forms the inner
wall of the annular downcomer passage.
Blowdown Connections
The tubesheet surface blowdown is performed at the tube-free lane which contains an integral
blowdown header consisting of two (2) holes down the tube-free lane connected to the
secondary surface by means of several vertically-drilled connecting holes. This draws a flow
of liquid from the no tube-lane. The two blowdown nozzles are prepared for 3" Sch. 160
pipe.
Moisture Separator Assemblies
Two stages of moisture separators maintain the moisture content of the steam at, or less than,
0.1% moisture. Most of the water is removed from the steam/water mixture by the primary
separators before entering the secondary separators. The steam/water mixture exiting the
tube bundle enters the primary riser at the bottom of the separator support deck. The mixture
is separated into water and steam by centrifugal action returning the separated water into the
downcomer to mix with the feedwater and providing a steam/water mixture to the secondary
separators at greater than 80% quality. The secondary separators use centrifugal separation to
further dry the steam to a moisture content of less than 0.1% by weight.
Steam Flow Venturis
The steam line leaving each steam generator has a steam flow venturi in a horizontal section
of the 30" main steam piping. During MODES 1 and 2, the venturi provides a differential
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pressure signal that is used for steam flow indication. Two differential pressure cells are
connected to the venturi to measure that parameter. In the event of a steam line break, there is
an integral flow restrictor in the replacement steam generator outlet nozzles which will limit
the steam flow from the steam generators.
10.3.2.3 Steam Piping
The steam piping from the steam generators to the main steam isolation valves (MSIV) is
Seismic Category I and is designed to ensure the correct distribution and pressure to all steam
loads at any turbine power.
The steam line from steam generator A leaves the containment and goes directly into the
intermediate building. The steam line from steam generator B leaves the containment on the
northeast side, goes around the containment building, and enters the intermediate building
from the east end. Inside the intermediate building, tapping off each steam line, is a steam
supply line to the turbine-driven auxiliary feedwater pump (TDAFW), the four main steam
safety valves (MSSV), and an atmospheric relief valve (ARV).
10.3.2.4 Main Steam Safety Valves (MSSV)
There are four main steam safety valves (MSSV) for each steam line. The first valve lifts at
1085 psig and the remaining three valves are set to lift at 1140 psig. The minimum total
relieving capacity is 6.58 x 106 lbm/hr which is equal to the full load steam flow for the
original 1520 MWt licensed power level. Although these safety valves do not relief 100%
steam capacity at 1775 MWt, the UFSAR Chapter 15 analyses demonstrates that sufficient
relief capacity is available to prevent over-pressurization of the steam generators and main
steam systems. The valves, therefore, are able to relieve the required steam flow.
10.3.2.5 Atmospheric Relief Valves (ARV)
One atmospheric relief valve (ARV) is provided on each steam line. The valve has two
functions. It offers overpressure protection to the steam generator at a setpoint below the main
steam safety valves (MSSV) setpoints and it can be used to maintain no-load TAVG or perform
a plant cooldown in the event the steam dump to the condenser is not available. The relief
valves are air-operated valves with 329,000 lbm/hr normal relief capacity. The maximum
ARV flow from a stuck open ARV is less than the flow from a stuck open MSSV. They can be
operated automatically or remotely from the control room. The valves can also be operated
manually by a handwheel mounted on each valve and they can be isolated by a manual valve
located upstream of the valves.
The atmospheric relief valve (ARV) controls are integrated into the advanced digital
feedwater control system (Section 7.7.1.5). The atmospheric relief valve (ARV) control
system consists of microprocessor-based controllers with dedicated manual/auto stations on
the control room main control board. The control stations have steam pressure setpoint
increase/decrease pushbuttons, valve position pushbuttons, and valve demand indication
meters. Input to the control system is from validated median signal selected steam pressure
channels (six channels, three per loop). The advanced digital feedwater control system and
atmospheric relief valve (ARV) control system use median signal selection of input signals,
as explained in Section 7.7.1.5, to reduce the probability of a failed sensor disturbing the
control systems. The median steam pressure signal is used as input to the atmospheric relief
valve (ARV) control system. The steam pressure setpoint (set by the operator) is subtracted
from the median selected steam pressure for the loop, and the difference signal is applied to
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the steam generator pressure controller to develop a modulation signal to control the loop
atmospheric relief valve (ARV). If two or three steam pressure channels are lost for one
loop, that loop’s atmospheric relief valve (ARV) control automatically switches to manual
operation and the feedwater control remains in automatic. If two or three steam pressure
signals for both loops are lost, both atmospheric relief valves (ARV) switch to manual and
the feedwater control also switches to manual. In manual operation the operator uses the
pushbuttons to control valve position, and thus, the steam pressure. In the event of failure of
the automatic and remote manual controls to control steam generator pressure, backup
solenoid valves will energize to open the atmospheric relief valves (ARV) at 1060 psig.
When the pressure decreases to 1005 psig, the backup solenoid will deenergize causing the
valves to close.
The atmospheric relief valves (ARV) are Seismic Category I as part of the main steam line
pressure boundary. The piping and restraints necessary to ensure functioning of the valves
after a seismic event are also Seismic Category I. Air supply to the valves is provided by the
nonseismic instrument air system. Backup supply is provided by two nonseismic nitrogen
supply systems in the event that a loss of offsite power causes loss of the instrument air
system. Therefore, the atmospheric relief valves (ARV) cannot be expected to operate after
the seismic event.
10.3.2.6 Main Steam Isolation Valves
The main steam isolation valves (MSIV) are 30-in. pipe size, 24-in. seat diameter, ANSI 600lb rating, Atwood and Morrill Company, Inc., swing-disk check valves. The open position of
the disk is at full horizontal, held open against the flow of steam by an air cylinder. The
valves have stainless steel disks and disk arms. The stiffness of the disk arms is designed to
reduce valve strains developed during closure following a postulated downstream pipe break.
The disks and disk arms are also designed to uniformly transfer the kinetic energy from the
disk to the valve body during impact. The valve disks and disk arms are stainless steel in
order to better withstand the local strains in the contact region. The design of the valves
reduces the likelihood of damage due to spurious closure and prevents excessive degradation
of the valves during normal service.
The valves are designed to shut in less than 5 sec during no-flow conditions and are tested at
each MODE 6 (Refueling) outage. Other design parameters are listed in Table 10.1-1. Main
steam isolation is discussed and evaluated in Section 5.4.4.
10.3.2.7 Main Steam Non-Return Check Valves
Downstream of the main steam isolation valves (MSIV) are the main steam non-return check
valves. They are free swinging gravity closing type check valves. The check valves protect
the main steam header against reverse flow from one generator to another in the event of a
steam line rupture. The main steam non-return check valves are free fall closed with no steam
flow or differential pressure across the seat. The valve disc and disc arm assemblies are
similar to those installed in the MSIVs.
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10.3.2.8

Main Steam Header

Downstream of the main steam isolation and non-return check valves, the 30-in. steam lines
combine to form a 36-in. steam header that runs from the intermediate building into the
turbine building. Inside the turbine building the 36-in. steam header splits into two 12-in.
steam headers to the condenser steam dump valves; four 8-in. steam headers to the moisture
separator reheaters; a 4-in. header supplying the gland seal system and air ejectors, and two
24-in. steam headers supplying the main turbine.
The two 12-in. headers feeding the steam dump system supply four steam dump valves to
each header. Each header has an isolation valve that can be used to isolate the entire header.
A 4-in. steam line supplies the gland seal system to provide sealing steam to the turbine
glands where the rotor extends out of the casing. At low power this sealing steam is supplied
to the glands to prevent air leakage into the condenser through the turbine glands. At high
power operation, sufficient steam leaks from the high-pressure turbine glands to supply the
gland seal header for the low-pressure turbines.
Pressure taps installed on the main steam header provide vibration monitoring.
10.3.2.9

Main Turbine Stop Valves and Control Valves

The two 24-in. steam headers directing steam to the high-pressure element of the main turbine
have one stop valve and two control valves each. The stop valves are swing disk stop valves
keyed to a shaft that is actuated by high-pressure fluid off the electrohydraulic control system.
The function of the stop valves is to provide overspeed protection for the turbine and to
isolate the turbine from the steam header for maintenance. The stop valves cannot be opened
against main steam pressure; therefore, stop valve bypass valves must be used to equalize
pressure across the stop valve prior to opening.
Downstream of the stop valves the two steam lines each split into two headers providing four
steam lines to supply the high-pressure element of the main turbine. Each of these four steam
lines has a control valve. The control valves are single-seat plug type valves controlled by
high-pressure fluid of the electrohydraulic control system. The function of the control valves
is to control steam flow to the turbine.
Steam that exhausts from the high-pressure turbine contains up to 15% moisture. To prevent
low-pressure turbine blade damage due to erosion from low quality steam, the steam
exhausted from the high-pressure turbine is reconditioned by the moisture separator reheaters.
10.3.2.10 Moisture Separator Reheaters
The exhaust steam from the high-pressure turbine is passed through moisture preseparators,
which are located at the exhaust plane of the high-pressure turbine. Up to 70% of the
moisture is removed from the exhaust steam before entering the moisture separator section of
moisture separator reheaters. Remaining moisture is removed, and the cycle steam enters the
reheaters dry and saturated. The steam is then reheated to become super-heated to ensure no
moisture is carried over to the low-pressure turbines. To reheat the high-pressure turbine
exhaust, main steam is supplied to the moisture separator reheater tube bundle (Drawing
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33013-1918, Sheets 1 and 2). From the 36-in. steam header four 8-in. headers supply one
moisture separator reheater each. The steam admission valves are controlled by a timed
opening controller to limit differential expansion during low-pressure turbine heatup. Water
from the condensed reheating steam drains to the feedwater heaters 5A and 5B as extraction
heating (Drawing 33013-1919, Sheets 1 and 2). The steam that is not condensed is returned
to the high-pressure turbine exhaust piping. During unit startup, purging steam for the
moisture separator reheater shells is supplied to each moisture separator reheater through
0.25-in. orifices tapping off the supply line to reheater 2A. The four moisture separator
reheater shells have overpressure protection provided by a common header with one safety
valve and five rupture disks. The safety valve setpoint is 175 psig, whereas all five rupture
disks are set at 183 psig.
Condensate from the moisture separator section is drained to the heater drain tank. This drain
system also includes emergency dump capability to the condenser.
Reheater tube bundles have been modified from two-pass systems to four-pass systems to
improve tube bundle reliability and to ensure stable operation of drain systems.
The moisture separator reheaters 1A and 1B supply the No. 1 low-pressure turbine while
moisture separator reheaters 2A and 2B supply the No. 2 low-pressure turbine. The steam
lines from the moisture separator reheaters to the low-pressure turbine are 44-in. headers.
Each header has one reheater stop valve and one intercept valve.
Each moisture separator reheater is provided with separate level control tanks and separate
condensate lines for better control of level in all the drain systems.
10.3.2.11 Reheater Stop and Intercept Valves
The intercept valves provide overspeed protection for the main turbine by isolating steam to
the low-pressure turbines. These valves are necessary due to the volume of steam remaining
in the high-pressure turbine and moisture separator reheaters after the main turbine stop
valves trip closed. The reheater stop valves provide backup protection for the turbine in the
event the intercept valves fail. Both the reheater stop valve and intercept valve are 44-in.
butterfly valves that are controlled by the electrohydraulic control system. From the reheater
stop and interceptor valves, the steam from the moisture separator reheaters is supplied to the
low-pressure turbines.
10.3.3

INSTRUMENTATION REQUIREMENTS

The main steam system uses instrumentation at various points to provide protection, control,
and indicating functions. Points monitored in the main steam system include steam generator
pressure, temperature, level, and steam flow, as well as steam header pressure and highpressure turbine inlet and HP Turbine first stage pressures. Three pressure transmitters per
steam generator located in the 30" main steam piping in the Intermediate Building, provide
signals for steam generator level control, reactor protection circuits, atmospheric relief, and
indication on the main control board and auxiliary feedwater pump station. The instruments
provide an alarm function on high pressure and a protective function on low pressure. In the
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event of a main steam line break, safety injection is initiated when two-out-of-three pressure
transmitters from either steam generator reach the low pressure setpoint.
There are three narrow-range level channels for each steam generator used for steam generator
level control, reactor protection circuits, and indications at the main control board and MODE
3 (Hot Shutdown) panel. There are also three wide-range level channels for each steam
generator to monitor level from the tubesheet to the separators. The wide-range level
channels are used for steam generator level control and indication. See Section 7.7.1.5 for a
discussion of the steam generator level control system.
Two channels of steam flow indication from each steam generator are used for steam
generator level control, reactor protection circuits, and indication at the main control board. A
third steam flow channel for each steam generator has been added for steam generator level
control and plant process computer system indication only. Remote indicators provide median
signal selected wide-range level indication near the auxiliary feedwater pumps and the main
feedwater regulating valves (MFRV).
Steam header pressure at the crossover header is used for main control board indication and
for condenser steam dump system control, while high-pressure turbine inlet pressure provides
main control board indication only.
Two channels of high-pressure first stage impulse pressure indication are used for steam
generator level control, rod control system, electrohydraulic controller, reactor protection
circuits, steam dump control system, anticipated transient without scram (ATWS) mitigation
actuation circuitry (AMSAC), and indication on the main control board.
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10.4
10.4.1

CONDENSATE AND FEEDWATER SYSTEMS
DESCRIPTION

The condensate and feedwater systems function to condense the steam exhausted from the
low-pressure turbines, collect and store this condensate, and then send it back to the steam
generator for reuse.
10.4.2

FLOW PATH

The steam that leaves the exhaust of the low-pressure turbines enters the main condenser as
saturated steam with low moisture content (9% to 11% moisture). This steam is condensed
by the circulating water, which passes through the tubes of the condenser. The condensed
steam collects in the condenser hotwell from which the condensate pumps take suction. The
condensate pumps increase the pressure of the water and provide suction head for the
condensate booster pumps (see Drawing 33013-1252).
The condensate booster pumps in turn provide sufficient suction head for the main feedwater
pumps. Between the condensate pumps and the condensate booster pumps is the condensate
demineralizer system, which maintains condensate water purity (see Section 10.7.7.4).
Between the condensate booster pumps and the main feedwater pumps are:
A. The air ejector condensers, which condense air ejector exhaust steam and preheat the
condensate water (Drawing 33013-1235).
B. Gland steam condenser, which condenses the gland sealing steam and preheats the
condensate water (Drawing 33013-1235).
C. Generator hydrogen coolers, which cool the hydrogen from the main generator and preheat
the condensate water (Drawing 33013-1235).
D. Two trains of low-pressure feedwater heaters, which condense turbine extraction steam and
preheat the condensate water (Drawing 33013-1233).
In addition to the condensate system, the heater drain system provides condensate to the
suction of the main feedwater pumps. The main feedwater pumps increase the pressure of
the water and provide water supply to the steam generators. Between the main feedwater
pumps and the steam generators are:
AA. The high-pressure feedwater heaters, which condense turbine extraction steam, and the
moisture separator reheater drains which both preheat the feedwater (Drawing 330131236, Sheets 1 and 2).
BB.

10.4.3

Main Feedwater Regulating Valves (MFRV) and bypass valves that control the proper
amount of feedwater to the steam generators. (These control valves are controlled by the
steam generator water level control system, see Section 7.7.1.5.)
MAIN CONDENSERS

The main condensers are the radial flow type with semicylindrical water boxes bolted at both
ends. The hotwell is the deaerating type with storage sufficient for 2 1/2 minutes of operation
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at maximum throttle flow with an equal free volume for surge protection. The hotwell has
manholes, a water gauge glass to indicate the condensate level, four condensate outlets with
coarse strainers, and anti-swirl devices. The hotwell is split in half by baffles with provisions
for separate conductivity measurements in each half. Expansion joints are provided for all
circulating water inlet and outlet connections.
The condenser is a two-shell, single-pressure, deaerating type surface condenser. Each shell
is located below its low-pressure turbine and is connected to the low-pressure turbine outer
casing by a skirt. This skirt contains a water-filled expansion joint and water-supplied by the
gland sealing system that dampens turbine vibrations.
Each condenser has a heat transfer area of 125,000 ft2 of 1-in. O.D. No. 22 BWG type 316
stainless steel tubes. The tubes are 40 ft long and are rolled to the 1-in. metal tubesheets. The
condensers are designed for a circulating water temperature of 50F with an approximate
24.5F temperature rise to minimize the discharge temperature back into Lake Ontario. The
condensers contain a total of 24,004 tubes.
Three of the four low-pressure heaters per train are located in the upper portion (neck) of each
condenser shell.
Below the neck is the tube space. The condenser tubes run perpendicular to the centerline of
the low-pressure turbines. The tubes are arranged in two bundles per condenser shell.
Circulating water flows inside the tubes and provides the cooling medium for the main
condenser.
In the centerline of each tube bundle a space is provided for air collection. Air is drawn from
this space by the air ejectors. This maintains condenser vacuum.
The condensed steam falls into a collecting area in the condenser shell (hotwell). Each
hotwell has two penetrations in its floor for the condensate pump suction header. Hotwell
water level is controlled by either rejecting water when the level is high or making up water
when the level is low. Control can be automatic or manual. During rejection, the condensate
system pressure causes water to flow into the two condensate storage tanks. During makeup,
the condenser vacuum and the level head in the condensate storage tanks produce water flow
into the condenser hotwell. High and low hotwell levels produce alarms in the main control
room. Hotwell level is displayed in the main control room and locally.
10.4.4
10.4.4.1

CONDENSATE SYSTEM
Condensate Pumps

The condensate pumps provide the initial flow energy to transport the water in the condenser
hotwells to the steam generators. In doing so they supply sufficient suction pressure to the
condensate booster pumps.
There are three 50%-capacity condensate pumps. Each pump is a seven-stage, vertical,
centrifugal pump, powered by a 1500-hp electric motor. The pumps are controlled from the
main control board. Each pump is rated at 6600 gpm with a discharge pressure of 285 psig.

Page 28 of 66

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 10 STEAM AND POWER CONVERSION SYSTEM

The condensate pumps take suction on a common header through a suction strainer and a
manual isolation valve. They discharge to a common header through a check valve and a
manual isolation valve. Discharge header pressure is indicated on the main control board and
will alarm on low pressure.
From the discharge header, water may be recirculated back to the condenser or sent through
the condensate demineralizer system to the suction of the condensate booster pumps. The
gland sealing system for miscellaneous gland seals taps off of the discharge of the condensate
pumps. This supplies gland sealing water to the condensate pumps, heater drain pumps,
condensate booster pumps, condenser skirt expansion joints, and other miscellaneous
components. (See Drawing 33013-1905.)
10.4.4.2

Condensate Booster Pumps

The condensate booster pumps provide the second stage of flow energy addition to the
condensate. They boost the flow supplied by the condensate pumps and consequently supply
sufficient suction pressure to the main feedwater pumps.
There are three 50%-capacity condensate booster pumps (PCD01A, PCD01B, and PCD01C).
Each is a horizontal single-stage centrifugal pump powered by a 500-hp induction motor.
These motors were installed during the 2005 refueling outage in preparation for the extended
power uprate modifications (EPU). The condensate booster pumps were modified to
accommodate the EPU requirements. The pumps are controlled from the main control board.
The water leaving the condensate demineralizer system enters the condensate booster pump
common suction header. Each pump takes a suction on the header via a manual isolation
valve and discharges to a common discharge header via a check valve and a manual isolation
valve. During condensate system startup, the condensate booster pumps are secured and are
bypassed to recirculate water in the system through the demineralizers for system cleanup.
When a condensate booster pump is started a check valve in the bypass line is forced shut.
From the discharge header of the condensate booster pumps, lines are tapped off to feed the
feedwater pump gland seals and the condensate booster pump gland seals. The line that feeds
the feedwater pump gland seals contains two parallel seal booster pumps that boost seal-water
pressure during low load conditions when the pressure drop from the condensate booster
pump to the main feedwater pump suction is small.
10.4.4.3

Low-Pressure Heaters

After leaving the air ejector and gland steam condensers, the condensate passes sequentially
through four low-pressure heaters which extract heat from the steam discharged from the lowpressure and high-pressure turbines to heat the condensate and thereby increase system
efficiency. Low-pressure heaters No. 1, 2, and 3 are located in the neck of the main
condenser and extract heat from steam entering the condenser from the low-pressure
turbines. Low-pressure heater No. 4 receives heat from the extraction steam from the highpressure turbine.
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10.4.4.4

Condensate Bypass Valve

The condensate bypass valve is in a line from the discharge of the condensate pumps to the
suction of the main feedwater pumps. This bypass valve is operated from the main control
board or automatically. The function of this valve is to maintain net positive suction head
(NPSH) on the main feedwater pumps in the event that the heater drain pump flow is lost,
e.g., during a load decrease. In automatic, the valve will open on a low main feedwater pump
suction pressure and low main feedwater pump net positive suction head (NPSH), to provide
the needed suction conditions to the main feedwater pumps to prevent cavitation. The
opening of the bypass valve reduces the feedwater pump suction line resistance and hence
increases the available NPSH. The valve must be closed manually when the low NPSH
condition clears.
The main feedwater pump NPSH instrumentation computes the NPSH for each feedwater
pump as a function of feedwater pump suction pressure, flow, and temperature. The main
feedwater pump positive suction head system will open the condensate bypass valve and
actuate a control room main control board annunciator when the available NPSH is less than
the required minimum. Additionally, a plant computer point for NPSH margin will alarm
prior to reaching a condition where available NPSH is less than required NPSH.
10.4.5
10.4.5.1

FEEDWATER SYSTEM
Main Feedwater Pumps

The main feedwater pumps supply the condensate and heater drain water to the steam
generators. The system contains two 50% capacity feedwater pumps. Each pump is a singlestage centrifugal pump that operates nominally at 6811 rpm and has a capacity of 8800 gpm.
The common feedwater header discharge pressure is nominally 1054 psig. Each is driven by
a 5500-hp, 1800-rpm electric motor. A geared speed increaser enables the pump to operate at
6811 rpm. Each pump has its own lubrication system including two ac pumps, one dc
auxiliary pump, oil reservoir, oil coolers, and filters. The feedwater pumps are provided with
high-pressure gland seal-water from the discharge header of the condensate booster pumps.
The main feedwater pumps are controlled from the main control board. The line from the
condensate system taps into the common feedwater suction header. Each feedwater pump
takes a suction on this header through a manual isolation valve. The pumps discharge to a
common header via a check valve and the motor operated Main Feedwater pump discharge
valve (MFPDV). The discharge valve closes automatically when the respective pump trips.
Between each main feedwater pump and the discharge check valve, an 8-in. recirculation line
taps off. The recirculation lines return to the feedwater pump suction header and contain a
control valve. A small part of the recirculation flow is directed to the main condenser where
it is then pumped back to the main feedwater pump. The recirculation valve controller is on
the main feedwater pump and feedwater pump seal panel outside the feedwater pump room.
The valves will open whenever a main feedwater pump continuous flow falls below
approximately 33% full flow without recirculation. Feedwater flow is measured at the suction
of each feedwater pump. The recirculation lines are sized to allow a minimum of 25% of full
pump
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flow to be recirculated. Full pump flow is defined as the best efficiency pump flow for the
feedwater pump.
10.4.5.2

High-Pressure Heaters

The main feedwater pump discharge splits to pass through high-pressure heaters 5A and 5B.
These heaters preheat the feedwater prior to its entry into the steam generators to increase
plant efficiency.
High-pressure heaters 5A and 5B receive heat from the high-pressure turbine steam extraction
and moisture separator reheater drains. Heater levels can be read locally or on the main
control board. Heater temperatures and differential pressures are provided from the plant
computer.
Downstream of the high-pressure heaters, the main feedwater lines join together into a header
and an 8-in. recirculation line to the main condenser taps off.
This recirculation line contains a manual isolation valve and is used for cleanup operations
during system startup.
10.4.5.3

Feedwater Flow Control

After the recirculation line taps off, the main feedwater header splits into two 14-in. lines that
feed the steam generators. Located in each line is a 12" Main Feedwater Regulating Valve
(MFRV) (FCV 4269 and 4270) and a 4-in. Main Feedwater bypass valve (FCV 4271 and
4272). These valves regulate the amount of feedwater sent to the steam generators. They are
controlled by the steam-generator water level control system termed the advanced digital
feedwater control system and described in Section 7.7.1.5. The valves are equipped with
valve position sensors and their positions are displayed in the control room on the main
control board.
The Main Feedwater bypass valve is used at low power levels to prevent erosion damage to
the Main Feedwater Regulating Valve (MFRV). At highest power, the Main Feedwater
Regulating Valve (MFRV) is in operation while the bypass valve is shut.
Hydraulic stabilizer operators are provided for the Main Feedwater Regulating Valve
(MFRV) to dampen valve stem vibrations.
The feedwater lines leave the turbine building and enter the intermediate building penetration
area where flow is measured and the auxiliary feedwater system taps into the main feedwater
system. A check valve and an air operated isolation valve are located between the flow
transmitters and the auxiliary feedwater piping. After the auxiliary feedwater connections, the
main feedwater line penetrates containment and enters the steam generators.
10.4.5.4

Feedwater Flow Measurement

A feedwater flow measurement system, consisting of a single piping spool piece with eight
ultrasonic transducers and an electronics package, can be used to determine the absolute
feedwater flow rate for the plant calorimetric. The spool piece is installed in the 20-in.O.D.
common feedwater line between the No. 5 feedwater heaters and the feedwater regulating
valves in the turbine building.
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The ultrasonic transducers generate a signal through the feedwater. A feedwater flow
processor converts the transducer signals into rate of flow. The feedwater flow measurement
system is designed to operate with an accuracy of 0.75% or better. The ultrasonic flow
measurement data can be used only for calorimetric calculations.
Feedwater flow measurement required for safeguards protection actuation and steam generator
level control is obtained from the feedwater flow venturi nozzles. These feedwater flow
venturi nozzles are also used to perform plant calorimetric power calculations. In the 1980's
and 1990's Ginna experienced venturi fouling with these nozzles. Since feedwater venturi
nozzle fouling results is masking true feedwater flow, it results in an artificially high indicated
feedwater flow rate and causes actual thermal power to be depressed relative to indicated
thermal power. The ultrasonic system does not experience this degradation. However, since
the late 1990's, Ginna no longer experienced feedwater venturi fouling. Therefore, the
feedwater venturi nozzles are the preferred flow indication for performing plant calorimetric
power calculations.
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AUXILIARY FEEDWATER SYSTEMS

10.5
10.5.1

INTRODUCTION

The auxiliary feedwater systems consist of a preferred auxiliary feedwater system and a
standby auxiliary feedwater system (SAFW). The preferred system consists of two motordriven pumps and one turbine-driven pump. Normally, each motor-driven pump supplies
one steam generator, but the alignment can be altered to allow either motor-driven pump to
supply either or both steam generators. The turbine-driven pump normally supplies
feedwater to both steam generators. Each pump supplies the steam generators through a
normally open, motor-operated, discharge valve.
The standby auxiliary feedwater system (SAFW) was installed to provide an independent
system capability following a high-energy line break event which could render inoperable the
three preferred auxiliary feedwater pumps. The standby auxiliary feedwater (SAFW) system
consists of two motor-driven pumps located in a plant area separate from the preferred
auxiliary feedwater system. The standby auxiliary feedwater system (SAFW) is manually
actuated and aligned so that each pump supplies one steam generator.
10.5.2

DESIGN BASES

10.5.2.1

Functional Requirements

The main function of the auxiliary feedwater system is to maintain the steam generator water
inventory when the normal feedwater system is not available. The auxiliary feedwater
system is an engineered safety feature because it provides a secondary heat sink for residual
heat removal and therefore provides core protection and prevention of reactor coolant release
through the pressurizer safety valves.
The reactor plant conditions which impose safety-related performance requirements on the
design of the auxiliary feedwater system are as follows:
A. Loss of main feedwater transient.
1.

Loss of main feedwater with offsite power available.

2.

Loss of main feedwater without offsite power available.

3.

Rupture of feedwater line.

B. Rupture of a main steam line.
C. Loss of all ac power (offsite and onsite).
D. Loss-of-coolant accident.
E. Cooldown.
The above transients are discussed in Chapter 15 and References 1 and 2.
Following a reactor trip, decay heat is dissipated by evaporating water in the steam generators
and venting the generated steam either to the condensers through the steam dump or to the
atmosphere through the Main Steam Safety Valves (MSSV) or the Atmospheric Relief Valves
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(ARV). Steam generator water inventory must be maintained at a level sufficient to ensure
adequate heat transfer and continuation of the decay heat removal process. The water level is
maintained under these circumstances by the preferred auxiliary feedwater system which
delivers an emergency water supply to the steam generators. The preferred auxiliary
feedwater system is capable of functioning for extended periods, allowing time to proceed
with an orderly cooldown of the plant to the reactor coolant temperature where the residual
heat removal system can assume the burden of decay heat removal. The preferred auxiliary
feedwater system flow and the emergency water supply capacity are sufficient to remove
core decay heat, reactor coolant pump heat, and sensible heat during the plant cooldown.
The preferred auxiliary feedwater system can also be used to maintain the steam generator
water level following a loss-of-coolant accident, in order to facilitate additional decay heat
removal as necessary.
10.5.2.2

Preferred Auxiliary Feedwater System

The preferred auxiliary feedwater system is designed to provide high-pressure flow using two
motor-driven pumps with a capacity of 200 gpm each or one turbine-driven pump with a
capacity of 400 gpm.
The water supply source for the preferred auxiliary feedwater system is redundant. The main
source is by gravity feed from the condensate storage tanks (CST) and the backup supply is
provided by the service water (SW) system with pumps which can be powered by the diesel
generators. An additional supply of feedwater can be provided through the yard fire hydrant
system to the condensate storage tanks (CST).
The turbine-driven auxiliary feedwater pump (TDAFW) can supply 200% of the required
feedwater and one motor-driven auxiliary feedwater pump (MDAFW) can supply 100% of
the required feedwater for removal of decay heat from the plant. The minimum amount of
water in the condensate storage tanks (CST) (24,350 gal) is the amount needed to remove
decay heat for 2 hr after reactor scram from full power. An unlimited supply is available
from the lake via either leg of the plant service water (SW) system for an indefinite time
period.
The preferred auxiliary feedwater system is designed to Seismic Category I and Class 1E
criteria and the automatic initiation signals and circuits are designed to comply with the
requirements of IEEE 279-1971.
10.5.2.3

Standby Auxiliary Feedwater System (SAFW)

The purpose of the standby auxiliary feedwater system is to provide auxiliary feedwater
backup in the event the preferred auxiliary feedwater system is inoperable due to a highenergy line break or other event. The standby auxiliary feedwater system (SAFW) is capable
of being brought into service by operator action in the control room if the preferred auxiliary
feedwater pumps, which start automatically, are not operative. The standby auxiliary
feedwater system (SAFW) can deliver emergency feedwater to each steam generator via two
motor-driven pumps of 215-gpm flow capacity each.
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Seismic Category I sources of water are available for use by the standby auxiliary feedwater
system (SAFW) via connections to both loops of the service water (SW) system. In addition,
a 160,000 gallon DI water storage tank is available for periodic tests of the system and serves as
an additional source of water. Connections to utilize the yard fire hydrant loop have been
installed and procedures put in place to use this source if the service water (SW) supply from
the screen house is lost. A line from the yard fire loop to a hose connection in the standby
auxiliary feedwater building is run underground and thus protected from tornado and missile
damage. A fire hose mounted in a hose cabinet in the building is used to supply the standby
auxiliary feedwater pumps (SAFW) from the yard fire loop hose connection.
Essential components of the standby auxiliary feedwater system (SAFW) are designated
Seismic Category I. The structure housing the pumps and the system piping also meet
Seismic Category I criteria. The pump motors are powered by two redundant Class 1E
electrical systems. The system is designed to sustain a single active failure and still deliver
215 gpm flow to either steam generator.
10.5.3

SYSTEMS OPERATION AND DESCRIPTION

10.5.3.1
10.5.3.1.1

Preferred Auxiliary Feedwater System
Normal Lineup

The flow diagram of the preferred auxiliary feedwater system is shown in Drawing 330131237.
The preferred auxiliary feedwater system is normally lined up when the reactor is at power to
respond to any situation that could cause a loss of normal feedwater flow to the steam
generators. Two motor driven AFW (MDAFW) trains, one turbine driven AFW (TDAFW)
train, and two standby AFW (SAFW) trains shall be operable in MODES 1, 2 and 3. The
turbine-driven auxiliary feedwater pump (TDAFW) must be shown to be operable prior to
exceeding 5% power. (See the Technical Specifications.) The normal lineup is for each
motor-driven auxiliary feedwater pump (MDAFW) to supply one steam generator; however,
the pumps can be cross-connected to feed either or both steam generators. The turbinedriven pump discharges in a common header, then to either or both steam generators. A
cross-connect between the motor-driven and turbine-driven pumps is provided to allow for
continuous makeup to the steam generators during extended MODE 3 (Hot Shutdown)
conditions by using the motor-driven auxiliary feedwater pumps (MDAFW). All pumps
have recirculation lines back to the condensate storage tanks (CST).
10.5.3.1.2

Startup and Cooldown Operations

The system is used to maintain steam generator level during startup because a certain loading
is required prior to starting a main feedwater pump. After reactor power is at about 2% to 4%
and a main feedwater pump has been started, the system is shut down and set up for automatic
start operations.
The preferred auxiliary feedwater system also supplies feedwater to the steam generators
when the reactor is shut down. Steam, after being heated by residual heat from the reactor, is
drawn from the steam generator and sent to the condenser steam dump system (or
atmospheric relief) at a controlled rate for cooldown. The preferred auxiliary feedwater
pumps are used to maintain levels in the steam generators.
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Pneumatically operated valves installed around the motor-operated valves in the discharge
piping of the motor-driven auxiliary feedwater pumps (MDAFW) provide a means of
controlling preferred auxiliary feedwater flow from the motor-driven pumps during startup
and cooldown without opening the cross-tie to the turbine-driven auxiliary feedwater pump
(TDAFW) piping.
Both motor-driven preferred auxiliary feedwater pumps (MDAFW) are not normally operated
with the crossover valve(s) open as a precaution against the potential for pump overheating
due to a strong/weak pump interaction which may exist.
10.5.3.1.3

Transient Operations

The motor-driven preferred auxiliary feedwater system pumps will start if one steam generator
level decreases to a low-low level of 17%. A positive 13.9% error has been included in the
setpoint to account for errors which may be introduced into the steam generator level
measurement system at a containment temperature of 286F as determined by an evaluation
performed on temperature effects on level systems as required by IE Bulletin 79-21. The
turbine-driven auxiliary feedwater pump (TDAFW) will automatically start if the level in both
steam generators decreases to a low-low level of 17%. Additional information is provided in
Section 7.3.
All three preferred auxiliary feedwater pumps will start on loss of offsite power. However, if
power is lost to the engineered safety features bus supplying power to an preferred auxiliary
feedwater pump, the motor will not start until the associated emergency diesel generator
supplies power to that bus. The turbine-driven pump has the added feature of starting
immediately on loss of power (undervoltage) to both 4.16-kV service buses. In this
situation, the preferred auxiliary feedwater pumps will supply water to each steam generator
to maintain level and the atmospheric relief valves will be used to maintain MODE 3 (Hot
Shutdown) temperatures or for cooling the reactor coolant system.
Upon receipt of a safety injection signal, the two motor-driven preferred auxiliary feedwater
pumps will start and feed the steam generators to maintain their inventory of water to be used
for control of reactor coolant system temperature or cooldown.
10.5.3.1.4

System Description

The two motor-driven preferred auxiliary feedwater pumps (MDAFW) are driven by 460V
three-phase, 300 hp, 1780 rpm motors, and are capable of pumping 200 gpm at 1085 psig.
Each pump contains an auto-start oil pump which will start when the auxiliary feedwater
pump starts. The feedwater pumps have splash lubricated gears, and the motors are of an
open, drip proof design. They are powered from the engineered safety features bus with an
emergency diesel backup. The turbine-driven auxiliary feedwater pump (TDAFW) receives
steam from either or both steam generators and is capable of pumping 400 gpm at 1085 psig. It
has both ac and dc oil pumps. If oil pressure drops below 25.0 psig sensed at the trip and
throttle valve, the turbine will trip. If oil pressure drops below 3.0 psig sensed at the low oil
pressure drip device, the turbine will trip. A steam line branches off from the main steam
line from each
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steam generator and joins to supply steam to the turbine-driven auxiliary feedwater pump
(TDAFW). See Drawing 33013-1231. Motor-operated valves 3504A and 3505A are
opened to supply steam to the auxiliary feedwater pump turbine. The steam admission check
valves in each branch line (valves 3504B and 3505B) isolate one steam generator from the
other in the event of a steam line break.
Water is supplied to the pumps by means of gravity feed from the two 30,000-gal nominal
capacity condensate storage tanks (CST). For system operation, a minimum of 24,350 gal
total is required (see Section 10.7.4). The service water (SW) system provides backup water
supply to the preferred auxiliary feedwater pumps. Alternate water supply to directly fill the
condensate storage tanks can be provided by alignment of the fire water system (via valve
5158C) or the city water system. Water from the condenser hotwells and the all-volatiletreatment storage tank can also be made available to these pumps (see Table 10.1-1).
The condensate storage tanks (CST) are significant to safety for pressure boundary integrity
to maintain sufficient inventory for the preferred auxiliary feedwater pumps. The tanks are
nonseismic. The backup service water (SW) system supplying the preferred auxiliary
feedwater pumps is safety-related and Seismic Category I.
Condensate (blocking water) is supplied to the suction side of the motor driven auxiliary
feedwater (MDAFW) pumps, and available to the turbine driven auxiliary feedwater
(TDAFW) pump but normally isolated from the TDAFW pump. Pressure regulated blocking
water, higher than SW pressure, prevents leakage of service water (SW) into the auxiliary
feedwater system. In addition, the system provides pressurization of the MDAFW pump
instrument tubing connections.
Redundant level indications and low level alarms in the control room are provided for the
condensate storage tanks (CST). This allows the operator to anticipate the need to make up
water or transfer to an alternate supply and prevent a low suction pressure at the auxiliary
feedwater pumps.
Safety-grade flow indication instrumentation is provided for each steam generator. The
individual steam generator auxiliary feedwater flow circuitry is powered from separate
battery-backed instrument buses. For each preferred auxiliary feedwater pump, there is a
primary and secondary flow instrumentation channel. The primary channel indicates flow
and, for the motor-driven pumps, controls the individual discharge valves. The secondary
flow instrumentation indicates flow only. The primary and secondary channels are powered
from opposite instrument buses. The primary and secondary flow indication is provided on
the main control board by a dual-movement vertical-scale indicator.
The motor-driven and turbine-driven pumps each have an automatically controlled minimum
flow recirculation system sized and periodically tested to ensure that sufficient minimum flow
will be provided under all conditions, during which the pump flow would be either
automatically or manually throttled to the air-operated control valve setting, to prevent pump
damage from overheating.
Chemistry control for the preferred auxiliary feedwater system is provided through a
connection to the chemical addition tanks.
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10.5.3.2

Standby Auxiliary Feedwater System (SAFW)

The flow diagram of the standby auxiliary feedwater system (SAFW) is shown in Drawing
33013-1238. The standby auxiliary feedwater system (SAFW) is manually started and
controlled from the control room. In the event that an existing preferred auxiliary feedwater
pump fails to function properly after a high-energy pipe break outside containment, or all
means of feedwater are lost, the operator would be alerted by existing control room
indication. The operator would manually remove the affected preferred auxiliary feedwater
pump from the diesel generator and place the standby pump (SAFW) into operation on the
same diesel. Flow is controlled by throttling the discharge valve. For operational tests,
manually operated valves in the supply line from the DI water storage tank must be verified to
be opened and adequate tank level verified before starting the pump or pumps.
The system consists of two motor-driven pumps capable of 215 gpm at 1085 psig. Water is
supplied by the respective service water (SW) loop of the pumps. Cross-connecting the
system is possible; however, the usual lineup is for two separate, independent sources of
water. A hose connection from the fire water system to the standby auxiliary feedwater
pumps (SAFW) provides a means for decay heat removal in the event of a loss of service
water (SW). A fire hose from a yard fire loop hose connection located inside the standby
auxiliary feedwater pump (SAFW) building can be attached to fittings on the suction piping
to the standby auxiliary feedwater pumps (SAFW) (see Section 10.5.2.3). The motor-driven
pumps are supplied by engineered safety features buses for reliable power supplies.
Condensate (blocking water) is supplied to the suction side of the standby auxiliary feedwater
(SAFW) pumps. Pressure regulated blocking water, higher than SW pressure, prevents
leakage of service water (SW) into the auxiliary feedwater system. In addition, the system
provides pressurization of the SAFW pump instrument tubing connections.
The pumps each have a minimum flow recirculation system similar to the preferred auxiliary
feedwater pumps to prevent pump damage from overheating.
A DI water storage tank with a 160,000-gal capacity is provided to store condensate quality
water as a source of supply for periodic testing of the system.
10.5.4
10.5.4.1

DESIGN EVALUATION
System Evaluation

The design and qualification of the auxiliary feedwater systems has been reviewed by the
NRC both as part of the NUREG 0737 requirements review and the Systematic Evaluation
Program (SEP).
The NRC concluded in the safety evaluation related to Amendment No. 29 to the Ginna
Provisional Operating License (Reference 3) that the standby auxiliary feedwater system
(SAFW) is an acceptable backup to the preferred auxiliary feedwater system for maintaining
the plant in a safe shutdown condition, and in evaluations under NUREG 0737, Items
II.E.1.1 and II.E.1.2 (References 4 through 6), that the preferred and standby auxiliary
feedwater systems (SAFW) meet NRC requirements.
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10.5.4.2

Alternating Current Independence of the Turbine-Driven Auxiliary Feedwater
Pump (TDAFW)

As part of the review for NUREG 0737, Item II.E.1.1, Ginna Station was evaluated to
determine if there was an essential dependence of the turbine-driven auxiliary feedwater
pump (TDAFW) system on ac power. It was determined that the only ac dependence was the
need for service water (SW) cooling of the lube-oil for the turbine-driven pump. The
turbine-driven auxiliary feedwater pump (TDAFW) has an ac lube-oil pump and a dc lube-oil
pump. The DC Lube Oil Pump can be powered by a portable DC generator during a loss of
both AC and DC plant power. These pumps direct the oil through a heat exchanger, which
depends on the ac-powered service water (SW) system pumps to cool the oil. The outboard
(thrust) bearing of the pump is also provided directly with service water cooling through a
water jacket within the bearing housing. The inboard pump radial bearing is cooled by an oil
bath without an external source of cooling water. In the event of a total loss of ac power,
lube-oil cooling capability for the turbine-driven pump will be lost due to the loss of ac power
to the service water (SW) pumps.
An NRC criterion (Recommendation GL-3 of NUREG-0737 Action Item II.E.1.1) was that
the as-built plant should be capable of providing the required preferred auxiliary feedwater
flow for at least 2 hr from one preferred auxiliary feedwater pump train independent of any ac
power source. As part of the 48 hour Endurance Test conducted on March 6-8, 1981, RG&E
performed a test with service water (SW) secured to the turbine’s lube oil cooler and the
pump outboard (thrust) bearing. The pump was run for a duration of 3 hours 55 minutes in
one sequence without any service water cooling and for 15 hours in a later sequence without
service water cooling to the turbine lube oil cooler. During the first sequence, excessive
steaming from the floor drains with service water secured caused the reinitiation of service
water (SW) to the pump thrust bearing. The Endurance Test was run in the recirculation
mode with 70 gpm passing through the recirculation line back to the condensate storage tanks
(CST). This flow rate is found by plotting the measured pump head on a degraded pump
curve. The degraded pump curve was derived in response to NRC CDBI Request number
2007-0243. Throughout the testing without service water supplied, the pump outboard
(thrust) bearing, which is service water cooled, and the inboard pump radial bearing (oil bath)
were within manufacturer’s limits of 165F. The turbine governor bearing return oil
temperature and turbine inboard bearing return oil temperature, as well as the turbine lube oil
reservoir temperature, stabilized well within the manufacturer’s limit of 180F.
In addition to the Endurance Test, another test was performed on April 17, 1981, for a period
of 2 hours without service water cooling to the outboard pump bearing and turbine lube oil
cooler, this sequence with the pump delivering 200 gpm (100 gpm to each steam generator).
This test was performed to simulate accident conditions. This test also confirmed that oil
temperature, as well as pump and turbine bearing temperatures stabilized within acceptable
limits.
In a letter dated June 8, 1981 (Reference 7) RG&E submitted the test results for these tests. In
a letter dated June 16, 1982 (Reference 5) the NRC concluded that, based on the results of the
recirculation flow test and the 2 hour test on April 17, 1981, RG&E has shown that the
turbine-driven auxiliary feedwater system (TDAFW) does not have an essential ac power
dependence.
To protect against a total loss of service water or fire water backup cooling to the TDAFW
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pump lube oil cooler and thrust bearings, a modification (PCR 2004-0021) was installed on
10/06/2004 to provide TDAFW pump self-cooling. This alignment is outside the design basis
of the plant and is procedurally driven.
10.5.5
10.5.5.1

INSTRUMENTATION
Motor-Driven Auxiliary Feedwater Pump (MDAFW) Controls

Both the preferred and standby auxiliary feedwater motor-driven pumps are powered by
independent ac emergency buses. The loading of the preferred auxiliary feedwater motordriven pumps onto their respective 480-V ac emergency buses is part of the postaccident
automatic load sequencing. The standby auxiliary feedwater pumps (SAFW) are manually
started and controlled from the control room. The standby auxiliary feedwater (SAFW)
motor-driven pumps are interlocked with the preferred auxiliary feedwater motor-driven
pumps so that a standby pump can only be energized when its associated preferred auxiliary
feedwater pump is deenergized. The primary purpose of the interlocks is to prevent both
pumps from being energized simultaneously and overloading the emergency diesel generator
on loss of offsite power. Also, the standby auxiliary feedwater pumps (SAFW) supply
service water (SW) to the steam generators and are intended to be used only when the
preferred auxiliary feedwater pumps, which supply condensate to the steam generators, are
not available.
The actual interlocks are formed by using switches from the breakers supplying the preferred
auxiliary feedwater pumps as permissives to close the breakers supplying the standby
auxiliary feedwater pumps (SAFW). The main breakers are equipped with cell switches to
provide the permissives when the main breakers are removed for testing or repair.
10.5.5.2

Preferred Auxiliary Feedwater System Initiation

The following signals are used for automatic initiation of the main auxiliary feedwater
system:
Motor-driven pumps.
1. Low-low steam generator level (two-out-of-three channels on either steam generator).
2. Trip of both main feedwater pumps.
3. Safety injection.
4. Anticipated transient without scram mitigation system actuation circuitry (AMSAC)
actuation.
Turbine-driven pump.
1. Low-low steam generator level (two-out-of-three channels on both steam generators).
2. Loss of voltage on both 4-kV buses. (11A and 11B)
3. AMSAC actuation.
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The preferred auxiliary feedwater system may be manually initiated from the control room by
starting the motor-driven auxiliary feedwater pumps (MDAFW) individually. Upon pump
start, the associated discharge valve opens and is automatically throttled to less than 230 gpm
(See Section 7.4.1.2.)
The automatic open signals to the steam admission valves of the turbine-driven pump can be
overridden by the operator to prevent excessive cooldown of the primary system. Indication
in the form of an annunciator will alert the operator to the fact that the pump automatic start
signals have been overridden.
The system design allows one channel to be bypassed for maintenance, testing, and
calibration during power operation without initiating a protective action. When a channel is
bypassed for testing, the bypass is accompanied by a single channel alert and channel status
light actuation in the control room.
The automatic start of the preferred auxiliary feedwater motor-driven pumps resulting from
the tripping of both main feedwater pumps may be defeated during startup or shutdown when
the turbine generator is off the line. The defeat switch is automatically bypassed when the
turbine is latched. This bypass is alarmed in the control room.
The only interaction between the preferred auxiliary feedwater system automatic initiation
circuits and normal system control functions occurs in the narrow-range steam generator
level instrumentation. These level instruments are used for both protection (reactor trip and
preferred auxiliary feedwater initiation) and normal control functions in the main feedwater
system. The control signals are separated from the protection signals by isolation
transformers so that a malfunction in the control circuits will have no effect on the protection
signals. The steam generator level control system is discussed in Section 7.7.1.5.
10.5.5.3

Auxiliary Feedwater System Alarms

The following individual alarms are provided on the main control board to alert the operator
concerning the operation of the auxiliary feedwater system:
1. Low-low steam generator level (three channels each).
2. Two-out-of-three low-low steam generator levels (one channel each).
3. Three-out-of-three low-low steam generator levels (one channel each).
4. Emergency shutdown equipment local control.
5. Engineered safety features breaker trip.
6. Engineered safety features equipment lock-off.
7. Preferred auxiliary feedwater bypass in defeat lockout.
8. Single channel alert.
9. Standby auxiliary feedwater pump (SAFW) C or D trip.
10. Standby auxiliary feedwater pump (SAFW) transfer or test switch off normal (one channel
each).
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11. Standby auxiliary feedwater pump (SAFW) high discharge flow (one channel each).
12. Standby auxiliary feedwater pump (SAFW) high discharge pressure (one channel each).
13. Standby auxiliary feedwater heating, ventilation, and air conditioning trouble.
10.5.5.4

Auxiliary Feedwater Performance Indications

The capability to evaluate the performance of the preferred and standby auxiliary feedwater
systems at Ginna Station is provided by the following indications:
1. preferred auxiliary feedwater motor-driven pump flow to each steam generator (two
channels each).
2. preferred auxiliary feedwater turbine-driven pump discharge flow (two channels).
3. preferred auxiliary feedwater turbine-driven pump flow to each steam generator (two
channels each).
4. Standby auxiliary feedwater motor-driven pump flow (one channel each).
5. Preferred auxiliary feedwater pump discharge pressure.
6. Standby auxiliary feedwater pump (SAFW) discharge pressure.
7. Narrow-range steam generator level (three channels each).
8. Wide-range steam generator level nominal (three channels each).
9. Preferred and standby auxiliary feedwater pump status indication.
10. Preferred and standby auxiliary feedwater valve position indication.
11. Condensate storage tank levels (one channel per tank).
Since the discharge header from the turbine-driven pump branches to supply both steam
generators, an additional channel of safety-grade flow instrumentation is provided in each line.
Safety-grade wide-range steam generator level indication is provided as a backup. The
standby auxiliary feedwater system (SAFW) provides a single channel of safety-grade flow
instrumentation for each pump. The flow indication channels are tested in accordance with
the Technical Specifications.
10.5.5.5

Control From Outside the Control Room

For the purpose of achieving safe shutdown in the event of an unmitigated fire, the turbinedriven auxiliary feedwater pump (TDAFW) is dependent only upon dc power for operation of
the turbine auxiliary oil pump. A manual start/stop switch and a manual local/remote switch
with a control room alarm for the local position are included on the intermediate building
emergency local instrument panel (IBELIP) (see Section 7.4.3.7) that permits transfer of
control from the control room to the panel when local control of the dc-lube-oil pump is
required.
The IBELIP and the TDAFW Pump DC Lube Oil Pump can be powered by a portable DC
generator during a loss of both AC and DC plant power. A manual open/close switch and a
manual local/remote switch with a control room alarm for the local position are also included
on the intermediate building emergency local instrument panel (see Section 7.4.3.7) that
permits transfer of control from the control room to the panel when local control of the
discharge valve is required.
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10.6
10.6.1

CIRCULATING WATER SYSTEM
DESIGN BASES

The function of the circulating water system is to provide a reliable supply of water to
condense the steam exhausted from the low-pressure turbines. The water source and sink for
the circulating water system is Lake Ontario.
The circulating water system is a nonseismic piping system whose primary function is to
remove heat from the steam cycle via the main condensers. To achieve this end, the system
consists of an intake structure specially designed to minimize the possibility of clogging, an
inlet tunnel, four traveling screens, two circulating water pumps, and a discharge canal.
10.6.2

SYSTEM DESCRIPTION

The flow diagram of the circulating water system is shown in Drawing 33013-1885, Sheets 1
and 2.
10.6.2.1

Intake Structure

The circulating water system is designed to provide a reliable supply of Lake Ontario water,
regardless of weather or lake conditions, to the suction of the screen house pumps. The Lake
Ontario intake is designed to withstand, without loss of function, ground accelerations of 0.2g,
acting in the vertical and horizontal planes simultaneously. To meet these high reliability
requirements, the intake structure is 3100 ft out from shore and is completely submerged below
the surface of the lake. Even an occurrence of historical low water level will result in no less
than 15 ft of water over the inlet structure. The probability of water stoppage due to plugging of
the inlet has been reduced to an extremely low value by incorporating certain design features in
the system. The intake structure is an octagonal-shaped structure containing electrically-heated
screen racks in six of the eight faces. Three separate circuits (A, B, & D) provide electrical
power to the intake structure screen racks. The ‘C’ circuit that supplied power to the fourth
circuit has been removed from service. Each of the three remaining circuits provides electrical
power to two (2) adjacent faces of the structure. Heavy screen racks with bars spaced 14-in.
apart, center to center, will prevent large objects from entering the system on six of the eight
sides.
At conditions of full flow (354,600 gpm) the velocity at the intake screen racks is 0.8 ft/sec.
Plant cooling requirements during accident conditions would only be 10,000 gpm with an inlet
velocity of 0.02 ft/sec. In addition, water enters the screen racks in a 360-degree circle,
protecting against stoppage by a single large piece of material. The low velocity plus the
submergence provides assurance that floating ice will not plug the intake. The only phenomenon
that might contribute to the plugging would be the accumulation of frazil ice on the screen racks.
Frazil ice is a type of lumpy, crystallized ice that forms on objects in a turbulent stream of
supercooled water. The electric heaters keep the metal bars above 32°F, thus minimizing the
adhesive characteristics of frazil ice to the cylindrical bar metal surfaces. To minimize such a
formation, the bars are separated 14-in. on center, making it unlikely that frazil ice could support
itself over a span of this distance; however, bridging of accumulated frazil ice from unheated
portions of the metal heater racks to the rest of the surface area of the rack has still proven to be
a credible scenario. Consequently, heater racks were removed to create 68-in. x 112-in.
openings on two sides of the octagonal structure to prevent plugging of the intake structure as a
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whole and provide an open, reliable flow path for plant cooling water.

The bars are also equipped with dual voltage electric heaters which may be transferred
between voltages via a double throw transfer switch.
10.6.2.2

Inlet Tunnel

To meet the high reliability requirements, the intake system is completely submerged below
the surface of the lake as shown in Figures 10.6-2 and 10.6-3. A 10-ft diameter, reinforcedconcrete-lined tunnel driven through bedrock extends 3100 ft in a northern direction from the
shore line. The tunnel slopes downward over its 3100-ft length for a total elevation decrease
of 10 ft. From underneath the screen house, the tunnel rises vertically and connects to a
reinforced-concrete inlet plenum in the screen house. Warm water recirculation is provided in
the screen house inlet plenum to melt any ice that might reach this point.
10.6.2.3

Traveling Screens

Before the inlet plenum water reaches the pump suctions, the water passes through the four
parallel traveling screens (see Figure 10.6-3). The four installed traveling screens are fitted
with 3/16 in. x 1 in. smooth top, stainless steel mesh, and are similar in concept to vertical
conveyor belts. As debris collects on the screens, they rotate carrying the debris. Service
water pump discharge or electric-driven fire pump discharge is used to periodically flush the
debris off the screens into a collecting trough where it is carried away. The screens can
operate at two speeds, slow and fast, and in two modes, automatic and manual.
10.6.2.4

Circulating Water Pumps

The station has two (2), centrifugal type, vertical, circulating water pumps. Each pump has a
rated flow of 178,000 gpm at 212 rpm with a 33.3 ft. head and 12 ft. submergence. Nominal
flow with both pumps operating is approximately 333,000 gpm when driven by 208 rpm,
2000 hp induction motors.
10.6.2.5

Condenser Inlet and Outlet Valves

The condenser inlet and outlet valves, two sets per pump, are 72-in. butterfly type valves with
rubber seats. The valves can be operated via switches on the back of the main control board or
manually operated. They are interlocked with the circulating water pumps. The main
condensers are described in Section 10.4.3.
10.6.2.6

Condensate Cooler

The circulating water system also contains a condensate cooler that is used to cool condensate
to the hydrogen coolers and air ejectors. The cooler has 9551 ft2 of heat transfer area and
condensate flow is adjusted for desired temperature control.
10.6.2.7

Screen House

The screen house is located 115 ft north of the turbine building and 80 ft south of the lake
shore. It contains the traveling screens, circulating water pumps, service water pumps, fire
water pumps, plant heating boiler, the chlorination system, engineered safety features buses
17 and 18, and safety-related 480-V ac motor control center G (MCCG).
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10.6.2.8

Piping and Discharge Canal

Water leaves the circulating water pumps via 90-in. carbon steel, pipe lines which run
southward 63 ft where they have a common valveless cross-tie pipe. The lines continue then
divide into two 72-in. wyes and enter the two condensers through the condenser inlet
butterfly valves. The 72-in. lines exit the condensers where the water passes through the
condenser outlet butterfly valves and discharges into the respective condenser discharge
tunnel. These two discharge tunnels are each 8-ft wide and 7-ft high and are rectangular in
shape. They run west 95 ft and then turn north towards the discharge canal. Six feet north of
the turbine building the two tunnels direct flow into two 96-in. prestressed, reinforcedconcrete pipes (96-in. I.D. and 8-in. thick). These two pipes run 160 ft and enter the
discharge canal at the bottom of a seal well. The purpose of a seal well is to provide a water
seal and prevent air from entering the condensers via the discharge lines.
The discharge canal is on the north side of the screen house and is 40-ft wide. It contains a
fish screen to prevent small fish from entering the discharge tunnel or the screen house. The
canal then turns north and extends another 35-ft where it enters Lake Ontario. This last 35 ft
is lined with armor stones. The canal is rectangular and is constructed of reinforced concrete.
The floor rises gradually from the seal well (231.5 ft) to an elevation of 238 ft. This
elevation is maintained throughout the rest of the canal. The canal has recirculation lines that
can direct warm discharge water into the screen house inlet plenum for ice melting.
10.6.2.9

Flooding Protection

Protection of safety-related equipment from flooding due to a break or leakage in the
circulating water system is provided. This protection consists of tripping the circulating water
pumps when a leak is detected and the existence of a dike around areas containing safetyrelated equipment of sufficient height to accommodate a maximum calculated water level.
The tripping of the circulating water pumps is accomplished by redundant two-out-of-three
logic receiving level information from the circulating water pump pit in the screen house and
from the condenser pit in the turbine building. Three mechanically protected float switches
have been installed at each end of the two pits at a height of 2 ft off their respective floor
elevations. The switches feed into a fail-safe group of logic relays in the relay room which in
turn trip both circulating water pumps whenever water reaches a level of 2 ft at any of the four
level switch locations. The logic circuit has been designed to the IEEE Standard 279-1971 to
the greatest degree practicable.
The second part of the protection system is a permanently installed, non-movable Seismic
Category I dike in the screen house, and elevated doorways between the turbine building and
the control building, which have been built to contain the water that may escape from the
circulating water system.
For the purposes of calculating the maximum water level a different approach was used for
the turbine building and the screen house.
In the turbine building three contributions can be made to the maximum water height. The
first contribution is the volume of water that could flow onto the turbine hall floor before a
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water buildup would be seen by the level switches and cause a trip of the circulating water
pumps. Assuming that there is an unrestricted flow from all pipes in the turbine building, the
volume of water that would flow from the break would result in a water height of 5.32 in.
After the circulating water pumps are tripped, more water would flow onto the floor because
of the kinetic energy stored in the pump rotor and in the water moving in the circulating water
piping. The highly conservative maximum contribution to the level from this source is 3.12
in. The third contribution would come from possible wave action caused by a safe shutdown
earthquake. The level contribution from this source would be 0.48 in. and when added to the
other contributions results in a total of 8.92 in. The elevated doorways in the turbine building
are 18 in. tall.
In the screen house, based on the unrealistically conservative assumption that the two pumps
do not trip, the maximum water level that could occur would be 10.8 in. This level is based
on the idea that water flowing from the pumps would flow north for a short distance and drop
into the circulating water system intake bay. Wave action in the screen house generated by
the safe shutdown earthquake would add a height of 16.08 in. to this value for a total of 26.9
in. The dikes in the screen house are 30 in. in height and are situated to prevent water from
reaching safety-related equipment.
In analyzing the water buildup in the turbine building, the assumption was made that no water
escaped from that area either through open doors or through floor drains. If this water were to
escape from the floor but be restricted from draining into the discharge canal, the water level
buildup would reach a steady-state height of 4 in. around the screen house. Maximum wave
action here because of the safe shutdown earthquake would be only 4 in. for a total of 8 in. In
order to prevent this water from draining into the basement of the screen house, 9-in. curbs
were installed around the entrances to this area.
10.6.3

INSTRUMENTATION AND CONTROL

The main control board has the circulating water pump switches, circulating water pump
discharge pressure and valve position indication, screen house water level indication,
traveling screen status lights, and the switches to operate the condenser inlet/outlet valves (on
the back of the main control board). In addition, several annunciators would alert the
operators to a problem with the circulating water system including high water alarms for the
screen house and turbine building condenser pit.
10.6.4

INSERVICE INSPECTION

The inservice inspection program for the condenser and water control structures at Ginna
Station is incorporated into the Ginna Station preventive maintenance program. It includes
provisions for continuous washing of the traveling screens and periodic maintenance of the
screens; periodic monitoring of the intake water for chemical conditions and aquatic life;
periodic inspection of the forebay by divers to evaluate pump wear, silt buildup, zebra mussel
buildup, and general conditions; periodic checking of the intake structure by divers; and
checking of the revetment annually for adverse erosion or other deterioration. Since 1975,
condenser inservice inspection has utilized the eddy current examination method to ensure the
integrity of the tubing. From 1975 to 1995, this typically included approximately 100%
inspection of one water box with a random sampling of tubes in the other three water boxes
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each year. This sample included areas where previous damage or leaks were found in the air
removal sections. Since the total retubing of the condenser in 1995, the sampling group is
approximately 10%.
This normal maintenance program at Ginna Station serves to ensure that water control
structures remain in good condition.
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10.7
10.7.1

OTHER FEATURES OF THE STEAM AND POWER
CONVERSION SYSTEM
STEAM DUMP SYSTEM

The purpose of the steam dump system is to minimize the stresses on the nuclear steam
supply system induced by disturbances in secondary plant steam loads. It does this by acting
as an artificial steam load itself via eight steam dump valves that are capable of passing up to
approximately 28% rated steam flow from the common steam header directly to the main
condenser. In conjunction with the rod control system, the design of the steam dump system
allows the plant to accommodate a 50% load rejection without inducing a reactor trip. In
addition to limiting reactor coolant system temperature and pressure transients on reductions
in steam loads, the steam dump system also serves to minimize the undesirable possibility of
lifting the pressurizer and Main Steam Safety Valves (MSSV) and aids in conducting and
controlling reactor coolant system cooldowns and heatups.
Basically, the steam dump system can operate in three modes: Manual, Automatic (Loss of
Load), and Automatic (Plant Trip). Each of these modes uses different inputs and programs,
and all require certain permissive conditions to exist prior to steam dump actuation being
possible.
The flow diagram of the steam dump system is shown in Drawings 33013-1918 and 330131232.
The system flow path starts with two 12-in. lines which tap off of the common 36-in. main
steam header downstream of the main steam isolation valves. Each of these 12-in. lines has a
manual isolation valve with a bypass valve around it. Each line has four steam dumps with
manual isolation valves that tap into one of the two condensers. Thus, each condenser can
receive this discharge of four steam dump valves via a 12-in. steam line. Drain line taps
upstream of the steam dumps drain any condensate in the upstream piping to a steam trap
header to prevent erosion and water hammer in the downstream lines.
All eight steam dump valves are identical in construction. They are 5-in., reverse acting, airoperated valves that open on air pressure acting against a spring. Thus, on a loss of air
pressure, these valves fail shut. They are modulating valves, as determined by the air
pressure signal converter via a valve positioner. On large temperature errors, provision is
made for rapid opening of the dump valves by bypassing the positioner with full upstream
air pressure (maximum open signal). The valve positioner can stroke a valve fully open in 3
to 20 sec while the trip open mode can stroke a valve open within 5 sec. Each valve is
capable of passing 302,500 lbm/hour of steam with a steam inlet pressure of 695 psig.
The eight steam dumps are separated for control purposes into four groups of two valves
each. For finer control of operation, the four group operating setpoints are staggered
sequentially. Each steam generator also has a 6-in., air-operated, atmospheric steam dump
valve located upstream of the main steam isolation valves that is capable of relieving 4.25%
of rated steam flow, for 1775 MWt full power conditions, directly to the atmosphere. These
valves are discussed in Section 10.3.2.5.
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10.7.2

HEATER DRAIN SYSTEM

The heater drain system collects drains from various components and injects the water to the
main feedwater pump suction to supplement the condensate system and increase system
efficiency. The main components of the system are the heater drain tank and two heater
drain pumps (see Drawings 33013-1922 and 33013-1923).
The heater drain tank collects the drainage from the high-pressure heaters (5A, 5B), the lowpressure heaters (4A, 4B), and the drains from the moisture separator reheaters (1A, 1B, 2A,
2B). The heater drain tank is located at the east end of the turbine building. It has a capacity
of 3600 gallons. It is designed to contain water at 380F at a pressure of 175 psig.
The heater drain tank has a level control system that indicates on the main control board. It
controls the heater drain pump discharge valve and a condenser dump valve to maintain
heater drain tank level.
Cool condensate water from the discharge of the condensate pumps is used to maintain the
temperature at the bottom of the heater drain tank 10F lower than the temperature at the
normal operating level. This ensures the net positive suction head requirements of the heater
drain pumps during rapid power transients. The temperature difference is controlled
automatically by a temperature controller, located on the main control board, and a
modulating valve in the condensate line.
The heater drain pumps take a suction from the heater drain tank through individual headers
and a manual isolation valve and deliver the water to the condensate system just before it
enters the suction header of the main feedwater pumps.
There are two 50%-capacity heater drain pumps. Each heater drain pump is rated at 2400
gpm at a discharge pressure of 244 psig. They are driven by 400-hp motors that receive
power from the 4160-V ac buses. The controls for the heater drain pumps on the main control
board are identical with the condensate pumps.
A recirculation line is provided for each heater drain pump. These lines merge and return to
the heater drain tank via a control valve. This valve is controlled by heater drain pump
discharge header pressure. The valve will modulate to maintain a minimum flow of 500 gpm
per pump.
10.7.3

EXTRACTION STEAM SYSTEM

To improve the efficiency of the steam cycle, extraction steam is taken from several stages of
the main turbine to preheat the feedwater prior to entering the steam generators. This
involves routing some of the steam to the feedwater heaters that would normally continue
through the turbine (see Drawings 33013-1903 and 33013-1924). Cycle efficiency is
improved by adding the latent heat of condensation to the feedwater instead of the circulating
water system.
Extraction points from the main turbine are as follows:
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A. Between the fifth and sixth stage blade rows for the high-pressure turbine to supply steam
to the No. 5 feedwater heaters.
B. Steam from the high-pressure turbine exhaust is supplied to the No. 4 feedwater heaters.
C. Fourth stage extraction from the low-pressure turbines supplies the No. 3 feedwater heaters.
D. Seventh stage extraction from the low-pressure turbine supplies the No. 2 feedwater
heaters.
E. Ninth and tenth stage extraction from the low-pressure turbines supplies the No. 1
feedwater heaters.
F. The No. 4 feedwater heaters also receive steam from the preseparators.
G. The No. 5 feedwater heaters also receive heating from the moisture separator reheat steam.
Installed in each of the extraction steam lines from the high-pressure turbine are two counter
weighted air-operated nonreturn or check valves. The valves are installed to prevent
overspeeding of the turbine due to backflow of steam from the feedwater heaters after a
turbine trip, and to protect the turbine from high water level in a feedwater heater in the case
of feedwater heater tube leaks.
On a turbine trip the air operators are vented on both valves in each line allowing them to
close in the event steam does flow back from the feedwater heaters.
On a high water level on the shell side of either No. 4 or No. 5 feedwater heater, one of the
two valves in the steam line supplying the affected feedwater heater will shut. This prevents
water from backing up into the turbine casing and causing damage.
10.7.4

CONDENSATE STORAGE SYSTEM

There are three storage tanks in the condensate storage system. Two of the tanks (condensate
storage tanks (CST) A and B) are identical and provide water to the suction of the preferred
auxiliary feedwater pumps, water for hotwell makeup, and storage capacity for rejected
hotwell water. The third tank (all-volatile-treatment condensate storage tank) functions to
provide demineralized water to the other two condensate storage tanks and also for
condensate demineralizer regeneration. The arrangement of the tanks is shown in Drawing
33013-1234.
The two identical tanks are vertical cylindrical tanks located in the service building. Each has
a nominal capacity of 30,000 gallons. Redundant level instrumentation and low level alarms
in the control room are provided for the condensate storage tanks (CST). A condensate
storage tank (CST) level alarm is generated if the level of either tank reaches either 18 ft 4 in
or 22 ft 4 in. The tanks are cross-connected by two headers. One header supplies the
preferred auxiliary feedwater pump suctions and is used for steam generator makeup
operations. The other header is used for hotwell rejection or makeup.
The Technical Specifications require that there be a minimum of 24,350 total gallons of water
available in these two tanks whenever the reactor is above MODE 4 (Hot Standby), for use by
the preferred auxiliary feedwater system. This is the minimum amount of water needed to
remove decay heat for 2 hours after a reactor trip from full power. Should more water be
needed, additional sources are available. An unlimited supply from Lake Ontario via the
service water (SW) system. Alternate water supply to directly fill the condensate storage
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tanks can be provided by alignment of the fire water system (via valve 5158C) or the city
water system.
Makeup lines and drain lines are provided to and from the condensate storage tanks (CST) A
and B. Water can be drained from the tanks and replaced with demineralized makeup water
in order to purify the condensate storage water if necessary.
Condensate storage tanks A and B were designed to the American Water Works Association
Standard (AWWA) D100, 1965 edition. The tanks are located in the service building, which
is a nonseismic structure. The tanks are significant to safety for pressure boundary integrity
to maintain sufficient inventory for the preferred auxiliary feedwater pumps. The tanks are
nonseismic. They have the potential for being rendered inoperable by the effects of several
postulated hazards including the safe shutdown earthquake, tornadoes, floods, and missiles.
These hazards are accommodated by the availability of the service water (SW) system as a
Seismic Category I source of water to the preferred auxiliary feedwater pumps.
The all-volatile-treatment condensate storage tank is located outside of the all-volatiletreatment building and has a capacity of 100,000 gallons. This is adequate for two
regenerations. The water is kept from freezing by a heating system.
A condensate transfer pump is used to supply makeup to the all-volatile-treatment condensate
storage tank from the condensate storage tanks (CST) A and B. It is also used to pump down
the hotwells to any of the condensate storage tanks (CST) for maintenance.
Demineralized water from the GE Betz Water Treatment System is sent to the all-volatiletreatment condensate storage tank. This water is then normally transferred to condensate
storage tanks (CST) A and B using the A or B regeneration sluice pumps. The sluice pumps
are also used to take water from the all-volatile-treatment condensate storage tank for
condensate demineralizer regeneration.
10.7.5
10.7.5.1

STEAM-GENERATOR BLOWDOWN AND BLOWDOWN RECOVERY SYSTEM
Steam Generator Blowdown System

Continuous blowdown is used to reduce the quantities of solids that accumulate in the steam
generators as a result of the boiling process. The all-volatile-treatment for the secondary
water uses steam generator blowdown to optimize water chemistry conditions. The quantity
of blowdown fluid ranges from 40-100 gpm per steam generator as needed to maintain
secondary side water chemistry within plant water chemistry requirements.
The blowdown system is designed to surge from the continuous flow rate to a periodic surge
blowdown rate of 150 gpm for each steam generator for a period of three to five minutes
nominally at a frequency of once a week. However, the blowdown flow rate is procedurally
limited to 125 gpm. The exact surge flow rates, time period, and frequency are determined as
a function of steam generator corrosion product removal and plant operating condition.
The steam generator blowdown system is shown in Drawing 33013-1277, Sheets 1 and 2.
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Each steam generator has a blowdown header drilled integral to the tubesheet. Both steam
generator A and steam generator B are equipped with independent blowdown piping from the
connecting steam generator nozzles to a common header located in the Turbine Building just
upstream of the blowdown flash tank.
The piping transports the removed fluid and entrapped debris away from the steam generator,
through containment penetrations, to a common flash tank in the turbine building basement.
To reduce the erosion-corrosion potential and permit periods of increased blowdown flow
rates, the blowdown pipe size was increased from 2 in. to 3 in. throughout each blowdown
system outside of containment. The common 2 in. piping inside containment associated with
steam generator A was also replaced with 3 in. piping. The only remaining 2 in. piping is
located in the steam generator B blowdown system from the steam generator nozzles to a
point just downstream of the containment penetration.
Each blowdown line and each blowdown sample line are provided with a containment
isolation valve just outside containment. These pneumatic isolation valves will automatically
shut on a containment isolation signal or on receipt of a signal from a blowdown radiation
detector. Two flow control valves (V-5725A and V-5725B), just upstream of the blowdown
flash tank inlet, are used to set the individual blowdown rates. Two isolation valves (V-5709
and V-5710) located upstream of the flow control valves will close on high blowdown flash
tank level or turbine trip. A cross-tie line is located upstream of the isolation valves to allow
blowing down both steam generators through one line while the flow control valve in the other
line is being maintained.
The blowdown flash tank also receives blowdown sample water via the nuclear sample room.
10.7.5.2

Blowdown Recovery System

The blowdown recovery system is designed to recover both the blowdown water and heat.
Flashed steam is vented from the blowdown flash tank to low-pressure feedwater heater 3A
for heat recovery. The vented steam condenses in the feedwater heater and returns to the
condenser through the feedwater heater drain system. The remaining condensate in the
blowdown flash tank is drained directly to condenser 1B through a level control valve. All
blowdown flow can thus be recovered and returned to the condensate system through the
condensate demineralizers.
The Condensate demineralizers can also be bypassed, which requires the blowdown flash
tank condensate to be overboarded via the condenser waterboxes to the circulating water
discharge canal tunnels. This is done using the same level control valve as used to recover
the condensate to the 1B Condenser.
10.7.5.3

Blowdown System Operation

The blowdown system startup, shutdown, and blowdown flow rate modulation are manual
operations. The level in the flash tank is automatically controlled.
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During initial startup the steam generator blowdown is normally aligned to the flash tank,
and the flash tank is drained to the discharge canal tunnel, and vented to the atmosphere.
Once the turbine load is approximately 25%, the flash tank drain is realigned to the
waterboxes, and the steam is recovered by the low-pressure feedwater heater 3A. Normal
blowdown flow ranges from 40-100 gpm per steam generator as needed to maintain
secondary side water chemistry within plant water chemistry requirements. The blowdown
flow rate is procedurally limited to 125 gpm.
10.7.6

MAIN TURBINE AND GENERATOR AUXILIARY SYSTEMS

The main turbine is supported by a number of auxiliary systems that improve the efficiency
and safety of its operation.
First and second stage air ejectors remove air and noncondensable gases from the condenser
and maintain it under a vacuum, improving the efficiency of the main turbine by reducing the
backpressure seen by the turbine exhaust.
The gland sealing and exhaust system applies steam to a labyrinth seal around the rotor shaft
to preclude air inleakage into the turbine casings and condenser and to prevent steam leakage
into the turbine building.
The vacuum priming system uses mechanical vacuum pumps to prevent air buildup in the
condenser water boxes or tubes a condition that would reduce condenser efficiency.
The exhaust hood spray system prevents overheating of the last stage low-pressure blading
under low steam flow conditions.
The turbine lube-oil system provides lubrication and cooling of the turbine bearings and
supplies oil to the auto-stop header for turbine protection. It also provides backup oil to the
seal-oil system to prevent hydrogen leakage into the turbine building. A purification system is
an adjunct to the turbine lube-oil system to remove water and contaminants from the lube-oil,
as well as to provide storage space for makeup oil.
The generator auxiliary systems are required to ensure that the main generator will operate at
its maximum rated output safely and efficiently. This is accomplished by cooling the generator
rotor, stator, exciter, main output bushings, and the isophase bus ducts.
Pressurized hydrogen is circulated by the internal ventilation of the generator to remove heat
produced in the rotor and stator. The hydrogen then transfers this heat to hydrogen coolers
which are supplied with cooling water from the condensate system.
To prevent the escape of hydrogen along the generator shaft and out of the casing, a seal-oil
system is utilized. The air-side seal-oil pump and the hydrogen-side seal-oil pump provide oil
for sealing at approximately 12 psig higher than generator hydrogen pressure. The main
turbine oil system can provide a backup source of pressurized seal oil.
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10.7.6.1

Gland Sealing Steam and Exhaust System

The gland sealing steam system shown in Drawing 33013-1904 prevents air leakage into the
turbine casing that could increase turbine windage losses and reduce condenser vacuum. It
also prevents steam leakage from the turbine casing into the turbine building.
The rotor glands are a labyrinth type consisting of a number of seal strips to minimize steam
leakage. The leakage steam is removed from a chamber through a connection in the lower
half of the gland case to the gland seal condenser. The condenser maintains a partial vacuum
in the chamber which prevents steam leakage past the chamber to the turbine room. The
labyrinth seals are steam throttling devices consisting of alternating rows of stationary and
rotating rings arranged around the shaft with a small radial clearance. They provide a high
resistance to steam or air flow along the shaft.
Sealing steam is admitted to the chamber through a connection in the gland case. A pressure
of about 3 psig is automatically maintained on the chamber under all operating conditions by
the gland steam controller. The gland steam controller is an air-operated diaphragm control
valve and during starting of the turbine supplies steam to the gland header. As load is
increased, the steam pressure inside the high-pressure turbine increases and the steam leakage
path is outward toward the rotor ends, reducing or eliminating the need to supply sealing
steam to the glands. When this occurs, leakage from the high-pressure turbine glands and
steam from the regulator valve will supply steam sealing requirements for the low-pressure
glands. A safety valve and safety head protect against excessive pressure in the gland sealing
system. Due to increased HP Turbine exhaust pressure from the plant uprate to 1775 MWt, a
manual spillover system was installed. This system allows operators to manually bypass
gland steam header steam flow to the condenser if high gland steam header pressures are
observed.
The gland steam condenser maintains a pressure slightly below that of atmosphere (5 in. to 10
in. of mercury vacuum) in the gland leakoff system to prevent the escape of steam from the
ends of the glands and to remove and condense the vapor. It eliminates dripping and
accumulation of moisture caused by slight gland leakage to the atmosphere. The gland seal
steam is admitted into the condenser section via the steam inlet and then passes among the
tubes. The air and other noncondensable vapors are discharged to an atmospheric vent by an
air exhauster. The condensate formed in the gland steam condenser shell is removed via the
drain. Cooling of the condenser is provided by the condensate system.
Supplementing the gland sealing steam system, two diaphragm operated valves, each under
control of a differential pressure controller, introduce throttled steam into the inner glands at
both the governor and generator ends of the high-pressure turbine at a pressure of 5 psig
higher than that existing in the high-pressure exhaust. This will create a flow of steam into
the turbine and also into the 3 psig zone. Since this is throttled steam, the temperature at
maximum load will be approximately 500F. When this is throttled down to 3 psig in the
gland area, the resulting temperature will be approximately 310F with 90F superheat. As a
result, the temperature gradient will be reduced between the gland area of the cylinder and
the cylinder end wall.
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10.7.6.2

Air Ejectors

There are four first-stage and two second-stage air ejector nozzles provided to remove air and
noncondensables from the two single pass condensers. There are also two priming ejectors
(hoggers) supplied in the system.
Main steam is supplied to a reducing station where the steam pressure is reduced to
approximately 145 psig. The first-stage air ejector is lined up to take a suction on the main
condenser and discharge to the air ejector inner condenser. The second-stage ejector takes a
suction on the inner condenser and discharges to the after condenser. Any air and
noncondensables are then directed out the ventilation stack. The inner and after condensers
are cooled by condensate flow. The condensed steam collected by the air ejectors is returned
to the main condensers.
The condenser air removal arrangement is shown in Drawing 33013-1921.
10.7.6.3

Vacuum Priming System

The vacuum priming system, shown in Drawing 33013-1921, removes air and
noncondensable gases from the condenser water boxes. By ensuring air-free water boxes,
condenser cooling becomes more efficient.
The vacuum priming system utilizes two vacuum pumps and a vacuum priming tank to
accomplish water box degasification. The vacuum priming tank is maintained at 25 in.
mercury vacuum by the vacuum pumps and the condenser water boxes are connected to the
priming tank through float valves. The condensate cooler is also connected to the vacuum
priming tank through a float valve.
Under MODES 1 and 2, the preferred method of operation is to have BOTH vacuum priming
pumps in service. This removes as much air as possible from the inlet and outlet condenser
waterboxes, as well as the discharge tunnel. This reduces air buildup in the system and
provides a small increase in MW output during the summer months. An additional benefit is
that it reduces back pressure on the Circulating Water System, providing additional margin for
Operations to maintain circulating water flow upon trip of a circulating water pump. One
vacuum priming pump may be operated if the opposite train is out of service for maintenance.
During any other scenario where one pump is in operation, logic exists where the standby
pump will start if the vacuum priming tank decreases to 12 in. mercury vacuum to aid in
restoring vacuum.
To start the vacuum priming pump, service water (SW) must be available to seal the priming
pump. A pressure switch on the seal-water line will close at 10 psig, allowing the vacuum
priming pump to start. An interlock is also provided which requires that a circulating water
pump be running before starting the vacuum priming pump. The status of the vacuum
priming pumps is indicated at the main control board.
10.7.6.4

Exhaust Hood Spray System

During low load operation there is insufficient steam flow to provide cooling for the turbine
blades. Wind friction (windage) will cause the long blades to overheat. The result is that the
exhaust load temperature reaches an exceptionally high level. This high temperature affects
the mechanical characteristics of the turbine last-stage brackets, inner casings, and exhaust
hoods. To control this temperature, a water spray system with nozzles installed downstream
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of the eleventh-stage buckets is provided.

The water supply to the spray system is taken from the condensate system downstream of the
condensate polishers. Although provisions exist for automatic operation of the system
controlled by exhaust hood temperatures, the system is normally operated on a manual
bypass. The spray nozzles direct the water away from the blades, cooling by absorbing
radiant heat. Temperatures in the exhaust hood are normally maintained below 160F.
10.7.6.5

Turbine Lube-Oil System

The turbine lube-oil system shown in Drawing 33013-1901, has three main functions:
A. Provide lubrication and cooling for the turbine bearings.
B. Supply lube oil to the turbine trip devices.
C. Provide cooling, purification, and storage facilities for the oil.
The main oil pump, located on the front end of the high-pressure turbine, is driven from the
turbine rotor shaft and supplies oil at 320 to 380 psig with 10 to 45 psig suction pressure.
This pump is not self-priming and must have pressure applied to the suction. At turbine
operating speed, the suction is supplied by a suction ejector which uses high-pressure oil from
the main oil pump impeller as the operating medium. During startup, the suction is supplied
by the turning gear oil pump.
The main oil pump supplies lubrication to all nine journal bearings and the thrust bearing,
provides normal makeup to the seal-oil system, and supplies oil to the auto-stop oil header
and turbine trip devices. The main oil pump is backed up by the turning gear oil pump which
starts on a turbine trip or a low lube-oil bearing pressure of 8 psig. As a backup to the seal-oil
system, a high-pressure seal-oil backup pump which takes suction from the turbine oil
reservoir is provided. It also starts on a turbine trip or a low bearing oil pressure of 8 psig.
As an emergency backup, a dc emergency oil pump is provided should the turning gear oil
pump fail. This pump will start on a low lube-oil pressure of 6 psig.
Oil is supplied to the bearings through one of two oil coolers. The oil is cooled to 110-120F
by service water (SW) which is automatically throttled on the outlet of the cooler. The oil
coolers may be shifted at any time by opening the service water (SW) to the idle cooler, then
filling and venting the oil cooler. The selector valve is then shifted. The oil supplied to the
bearings passes to and from them through double-walled pipe. Return to the turbine oil
reservoir is by gravity drain.
High-pressure oil from the main oil header is directed to the auto-stop oil header, to the
overspeed trip valve, and to the thrust bearing trip. The turbine will be tripped when the autostop oil header is depressurized by dumping the oil back to the reservoir. Trip devices for the
turbine include:
•

Overspeed (108%).

•

Low vacuum (20 in. of mercury).

•

Low oil pressure (6 psig).

•

Thrust bearing failure (75 to 80 psig).

•

Electrohydraulic fluid trip.

•

Manual.
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Provisions are made for cleaning and conditioning the oil. The purifying component is the
turbine oil conditioner unit, referred to as the "Bowser" type. It removes free water and solid
particles from the oil, then polishes it and strips all moisture and cloud vapor from it. The oil
conditioner consists of a three-section segmented tank, a fiberglass filter, and associated
pumps.
10.7.6.6

Generator Hydrogen Cooling System

Hydrogen gas cooling is provided for the turbine generator based on the "inner-cooling"
principle.
The functions of the hydrogen gas system are to:
A. Provide a means for safely putting hydrogen in or taking hydrogen out of the generator,
using carbon dioxide as a scavenging medium.
B. Maintain the gas pressure in the generator at the desired value.
C. Indicate to the operator at all times the condition of the generator with regard to gas
pressure, temperature, and purity. The presence of liquid in the generator is also indicated
by an alarm on the hydrogen supervisory panel.
D. Dry the gas and remove any water vapor, which might get into the generator from the seal
oil.
The hydrogen gas supply provides the necessary valves, pressure gauges, regulators, and
other equipment to permit introducing hydrogen into the generator. It also provides a means
of controlling the gas pressure within the generator housing either manually by means of
valves or by means of pressure regulators which are manually adjustable to give the desired
gas pressure.
The carbon dioxide supply provides a means of admitting carbon dioxide to the generator
during the gas purging operation.
The gas, either hydrogen or carbon dioxide, is distributed uniformly to the various
compartments of the generator by means of perforated pipe manifolds located in the top and
bottom of the generator housing.
A gas dryer consisting of a chamber filled with activated alumina absorbent material is
connected across the generator blower, so that gas is circulated through the dryer whenever
the machine is running.
The purity of the gas in the generator is determined by use of the hydrogen purity indicating
transmitter and the purity meter blower. Gas purity can be read on the hydrogen panel or on a
remote indicator on the control board.
A thermostat is located in the generator to provide an alarm in case the temperature of the
hydrogen in the generator becomes excessive.
The hydrogen is cooled by passing it through coolers where the gas gives up its heat to the
condensate.

Page 58 of 66

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 10 STEAM AND POWER CONVERSION SYSTEM

Float-operated switches are provided under the generator frame and under the main lead box
to indicate the presence of any liquid in the generator which might be due to leakage or
condensation from the cooler.
Temperature detectors are provided in the generator and gas passages to measure the various
internal temperatures in the gas passages.
All generators are equipped with a hydrogen pressure control, which has a supply pressure
switch and two pressure gauges. A pressure switch is located on the supply side of the
hydrogen pressure control manifold and gives an alarm when the supply pressure is low.
10.7.6.7

Generator Seal-Oil System

The function of the seal-oil system is to lubricate the seals and prevent hydrogen escaping
from the generator. The same oil is used in the turbine bearing system and the gland seal-oil
system.
Contaminating air and moisture are kept out of the generator by separating the air side of the
seal-oil system from the hydrogen side of the seal-oil system. When this is done, the
hydrogen-side oil is returned to the hydrogen side of the seal ring in the generator, thus
preventing the escape of absorbed hydrogen to the outside atmosphere. The air-side seal oil
is returned to the air side of the seal ring, thus preventing the release of absorbed air or
moisture into the hydrogen-side compartment of the generator.
10.7.6.8

Generator Exciter Cooling

The exciter is totally enclosed within the exciter housing. An attached fan on the exciter shaft
circulates the air within the exciter enclosure. The air circulates through the exciter and then
passes through a heat exchanger cooled by service water (SW).
10.7.7

SECONDARY CHEMISTRY CONTROL

10.7.7.1

All-Volatile-Treatment Chemistry

10.7.7.1.1

Background

Chemistry control reduces the corrosion of equipment in the secondary system and minimizes
the fouling of heat transfer surfaces.
Westinghouse adopted all-volatile-treatment chemistry for use in steam generators in August
1974 when inservice inspection of steam generators operating with phosphate chemistry
revealed excessive corrosion of the heat transfer tubes. Ginna Station shifted to
all-volatile-treatment chemistry control during a shutdown for this purpose in November
1974.
10.7.7.1.2

All-Volatile-Treatment Chemistry Control

The basis for all-volatile-treatment chemistry control is that only volatile chemicals are added
to the system as chemical control agents.
In all-volatile-treatment chemistry control, system pH is controlled by the addition of
ammonium hydroxide and ethanolamine (ETA), while hydrazine is added to the system to
scavenge oxygen. Drawing 33013-1909 shows the chemical control system used to maintain
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all-volatile-treatment chemistry control. The all-volatile-treatment chemistry method also
minimizes the solids content of the steam generator water, thus reducing the presence of
those elements which cause corrosion or induce scale and sludge formation. This is
accomplished by ensuring high-quality makeup water, a continuous steam generator
blowdown, and operation of an on-line condensate demineralizer system (if needed).
Typically, at full power, it is not necessary to operate the demineralizers to maintain the
desired plant chemistry.
The all-volatile-treatment chemistry system accomplishes the following:
A. Minimizes corrosion in the steam generator and the condensate and feedwater systems.
B. Minimizes the deposit of sludge in the steam generators.
C. Minimizes scale deposits on the steam generator heat transfer surfaces.
D. Avoids turbine deposits due to carryover from the steam generator.
In conjunction with the all-volatile-treatment system, the condensate polishing demineralizer
system removes soluble and insoluble impurities from the condensate stream, and the steam
generator blowdown system continuously removes solids from the steam generators.
The oxygen content of the feedwater is of particular concern since it has a strong influence on
system corrosion. Some of the oxygen entering the system is contained in makeup water
from the condensate storage tanks (CST). Diaphragms on condensate storage tanks (CST)
minimize the oxygen increase but do not eliminate it. Air leaks into the sub-atmospheric
portions of the turbine cycle also contribute to the feedwater oxygen concentration.
Hydrazine is added to the system to react with and scavenge the oxygen before it enters the
steam generator.
Hydrazine is pumped into the system at the suction of the condensate booster pumps during
MODES 1 and 2. During shutdown and startup operations, it is added at the turbine-driven
auxiliary feed pump. Hydrazine reacts with dissolved oxygen to remove it from the system as
follows:
N2 H4 + O2 N2 + 2H2O
To ensure the removal of all oxygen from the feedwater, hydrazine is maintained at a
concentration well above the oxygen concentration.
The addition of hydrazine also tends to raise the pH of the system:
2 N2H4 2 NH3 + H2 + N2
This reaction is encouraged by heat, so that nearly all of the hydrazine has reacted by the time
it reaches the steam generator. The NH3 is so highly soluble that it is not removed by the air
ejectors and tends to raise the entire secondary system pH.
The steam generator pH is established and maintained, when necessary, by ammonium
hydroxide and ethanolamine (ETA) additions to the feedwater stream.
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In addition to pH and hydrazine level, several other parameters are monitored to give
indication of the results of the chemical additions. The secondary all-volatile-treatment
chemistry specifications for normal power operations are based on the current revision of the
industry standard, EPRI TR-102134, "PWR Secondary Water Chemistry Guidelines".
Steam generator secondary side wet layup, with chemically treated water, is used below
MODE 4 (200F) and minimizes corrosion and oxidation. Each steam generator has a wet
layup recirculation system that mixes steam generator bulk water, preventing chemical
stratification and providing representative chemistry samples.
Secondary Water Chemistry Program requirements are included in the Technical
Specifications.
10.7.7.2

Nonnuclear Sampling System

To ensure that the established chemistry parameters are maintained, a non-nuclear sampling
system is provided (see Section 9.3.2.2). This system allows for both continuous and periodic
sampling of a variety of points throughout the secondary side to provide analysis necessary
for plant operation, corrosion control, and the monitoring of equipment and plant
performance. The system includes a computerized system for on-line monitoring of
secondary water chemistry. The system accepts continuous inputs from individual sensors
and in-line chemistry analyzers in the secondary water system and provides data to the
chemistry laboratory for use in controlling secondary water chemistry. The inputs are shown
in Table 10.7-1.
10.7.7.3

Water Chemistry Monitoring Program

Ginna Station has an established water chemistry monitoring program directed at
maintaining chemistry control in the secondary circuit. That program continues to be
reviewed and revised based on plant and industry experience. This program, in conjunction
with the general philosophy of operation, limits corrosion damage and helps ensure the longterm integrity of the steam generators. Secondary chemistry limitations are established for all
plant modes. A chemistry monitoring procedure includes sections that identify (1) critical
steam generator blowdown parameters, (2) action level objectives, (3) limiting control
specifications that become progressively more stringent and can result in plant shutdown, (4)
schedular requirements for sampling and analysis, (5) data recording requirements, and (6)
the sequence of reporting out-of-normal chemistry conditions to specific individuals. The
procedure incorporates the steam generator blowdown Action Levels and limitations
identified in EPRI TR-102134, "PWR Secondary Water Chemistry Guidelines." One of the
Level 1 objectives is to identify and correct the cause for a parameter value that is "out-ofthe-historical-normal". Action Level 1 steam generator blowdown limitations include values
specified in EPRI TR-102134 for cation conductivity, sodium, chloride, and sulfate.
10.7.7.4

Catalytic Oxygen Removal System

The catalytic Oxygen removal system was used in conjunction with the IONICS water
treatment system. The IONICS water treatment system was replaced by the GE Betz water
treatment system and the catalytic Oxygen removal system was isolated per PCR 2004-0081.
The remaining description is retained for historical purposes only.
Page 61 of 66

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 10 STEAM AND POWER CONVERSION SYSTEM

The catalytic oxygen removal system reduced dissolved oxygen by mixing hydrogen with the
condensate and reducing the free oxygen to water by exposure of the mixture to a metal
catalyst surface. The system was designed to reduce oxygen concentration in the condensate
storage system to less than 100 ppb. The catalytic oxygen removal system was controlled
automatically by a central processing unit and operated on demand. Hydrogen was supplied
from dedicated hydrogen cylinders in the hydrogen supply shed. The catalytic oxygen
removal system interfaced with the condensate system and with the primary water makeup
system through the primary water treatment system. The catalytic oxygen removal system
took suction from the condensate storage tank and/or the primary water treatment system and
discharged to the condensate storage tank and/or the primary water treatment system. A
hydrogen leak would have resulted in a shut down the catalytic oxygen removal system.
10.7.7.5
10.7.7.5.1

Condensate Polishing Demineralizer System
System Description

Condenser in-leakage provides the major source of dissolved solids in the condensate. Other
solids are introduced with the makeup water or are contributed from steam lines, turbine, or
condenser as corrosion products. Moisture carryover also introduces a low level of solids into
the condensate.
The condensate polishing demineralizer system provides for the removal of soluble and
insoluble impurities in the condensate. It consists of four inline mixed-bed demineralizers
that take full flow from the condensate pumps, remove the impurities, and discharge the
purified condensate to the condensate booster pumps (see Drawing 33013-1911, Sheets 1 and
2).
The condensate polishing demineralizer units are separate vessels that remove the impurities
in the condensate through regenerable ion exchange resins. The resins are regenerated in
separate vessels. The resin regenerants are stored in concentrated form and diluted for
regeneration service.
Each vessel is provided with a resin trap to prevent gross transport of resin to the steam
generators in case of demineralizer underdrain failure. Differential pressure across each resin
trap is indicated and alarmed.
The four demineralizers are in parallel with each other and a bypass allows for the use of any
number, depending upon plant conditions. The original design basis for the demineralizer
system assumed that one bed is lined up for startup, a second bed is placed in service at about
35% power, a third at 70%, and the fourth bed is normally left on standby. The fourth bed
allows rotation of the beds, with one at a time being taken off the line for regeneration by the
regeneration facilities. Indications that a bed is due for regeneration are:
•

High effluent sodium.

•

High conductivity in the demineralizer effluent.

•

Low flow (high-pressure drop).

•

Preset number of gallons put through the bed (not normally used).
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Based upon existing secondary side chemistry, the demineralizers are not required to operate
continuously when the plant is operating at full power.
The demineralizers, resin regeneration tanks, and tanks for the regenerate wastes are located in
a separate, shielded building (all-volatile-treatment building). The building has a 2-ft-thick
concrete wall and roof to minimize operator exposure in case of radioactivity buildup when a
steam generator tube leak occurs. The system is operated from a control panel in one end of
the building.
The all-volatile-treatment building is located adjacent to the all-volatile-treatment condensate
storage tank, which contains sufficient water for two regeneration cycles. The 100,000gallon tank has a layer of polyethylene balls floating on the surface of the water to limit
oxygen interaction with the condensate. It is maintained above 35F by a 15-kW, 100-gallon
heater which cycles on at 35F and off at 39F.
10.7.7.5.2

Resin Transfer

Upon the exhaustion of a demineralizer, which is signaled by high-pressure drop (low flow),
totalizer count alarm, high conductivity alarm, or high sodium effluent alarm, the operator
initiates resin transfer operations.
The resin in the exhausted demineralizer is hydraulically transferred to the resin separation/
cation regeneration tank. The regenerated, ammoniated, mixed, and rinsed resins in the resin
mix rinse tank are then transferred to the empty demineralizer and the demineralizer is placed
in standby. New resin is introduced into the system through the separately located resin
addition hopper in the turbine building. Bags or drums of resins are manually dumped into
the hopper and hydraulically educted from the hopper to the resin separation/cation
regeneration tank.
The water for resin transfer, regenerant dilution, and resin rinsing is supplied from the
100,000allon condensate storage tank.
10.7.7.5.3

Regeneration (Drawing 33013-1910, Sheets 1 and 2)

Plant procedures control the Condensate Polishing System resin regenerations as follows:
•

Transfer exhausted resin from service vessel to resin separation/cation regeneration vessel.

•

Clean resins in resin separation/cation regeneration vessel by Air Bump and Rinse
Operations (ABROs).

•

Backwash resins in resin separation/cation regeneration vessel to separate cation and anion
resins.

•

Transfer anion resins from resin separation/cation regeneration vessel to anion regeneration
vessel.

•

Regenerate anion resins with caustic and then rinse.

•

Regenerate cation resins mixed with anion resins by ammonium hydroxide rinse followed
by ammonium hydroxide recycle treatment and then rinse.

•

Regenerate cation resins with acid and then rinse.
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•

Transfer anion resins to resin separation/cation regeneration vessel.

•

Mix regeneration cation and anion resins.

•

Transfer mixed resin to mixed resin storage vessel.

Cation resin removal of secondary water treatment amines determines bed exhaustion. Anion
resins use little capacity during service. Anion resin regeneration caustic and ammonium
hydroxide steps are eliminated in an alternative regeneration procedure that reduces sodium
ingress to secondary systems.
Installed chemical reclaim equipment is not used since using reclaimed chemicals in
regenerations would not result in regeneration quality meeting current secondary chemistry
impurity limits.
10.7.7.5.4

Waste Disposal (Drawing 33013-1912)

The high conductivity regeneration wastes are collected in the neutralization tank. The
wastes are adjusted to a neutral pH at the completion of a regeneration cycle. The neutralized
wastes are discharged to the plant circulating water discharge under normal operating
conditions. Should unacceptable amounts of radioactivity be detected in the neutralization
tank, the contents are discharged to radwaste disposal. A blanked connection is provided
outside the east wall of the all-volatile-treatment building for connecting to portable, shielded
waste treatment equipment. This provides a second alternative for disposing of regeneration
wastes not suitable for discharge to the lake.
The low conductivity regeneration wastes are collected in the low conductivity waste tank.
The contents of this tank are used to supplement the regeneration water supply to the
condensate polishing demineralizer system. Should unacceptable amounts of radioactivity be
detected in the low conductivity waste tank the contents would be drained into the building
sump via the trench. This waste is then transferred to the 25,000-gallon holding tank and
monitored for radiation before discharge.
10.7.7.6

Chemical Dispersant

One type of chemical dispersant is Polyacrylic Acid (PAA). It is an organic chemical that
affixes itself to corrosion product particles and keeps them suspended in solution so that they do
not affix to the Steam Generator tube walls. These corrosion product particles can subsequently
be removed from the Feedwater System (and Steam Generators) via the Steam Generator
Blowdown System. By continually injecting PAA into the Feedwater, while the plant is on-line,
the life of the Steam Generators is expected to be prolonged. This is achieved by improving the
iron removal efficiency during blowdown. The PAA is expected to reduce the amount of iron
oxide deposition on the Steam Generator tubes, which may better maintain the heat transfer
from the Primary Loop to the Secondary Loop.
A chemical injection skid injects PAA into the Feedwater System while the plant is on-line.
As shown on P&ID 33013-3124, the chemical injection skid contains three lines. Each line
can receive PAA from one of two five gallon carboys or an external tote. Each line is
equipped with a positive displacement pump that provides the energy to inject the PAA into
the Feedwater System. The ‘A’ and ‘B’ line are normally used to inject into the Feedwater
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System. The ‘C’ line is the swing line that is normally closed, but can be utilized to inject
PAA through either the ‘A’ line or the ‘B’ line. This would be utilized if the ‘A’ or ‘B’ line
would ever have to be shutdown for maintenance.
In addition to on-line application, PAA may also be added during wet layup and long path
during outages.
10.7.8

EROSION/CORROSION MONITORING PROGRAM

Ginna Station has developed an erosion/corrosion program for single and two-phase systems
consistent with the requirements of NUREG 1344 and the NUMARC erosion/corrosion
report, dated June 11, 1987. The program is designed to ensure that erosion/corrosion does
not result in unacceptable degradation of the structural integrity of high energy carbon steel
piping systems. The program is documented in the Ginna Station Erosion/Corrosion Program
Manual and includes the following:
•

Frequency of Inspection Criteria.

•

Acceptance Criteria.

•

Inspection/Expansion Criteria.

•

Repair/Replacement Criteria.

•

Corrective Action.

The main steam, condensate, feedwater, steam generator blowdown, extraction steam, turbine
gland steam, gland sealing water, and moisture separator reheater system piping systems are
included in the program.
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Table 10.7-1
COMPUTERIZED SECONDARY WATER CHEMISTRY MONITORING SYSTEM
Source

Inputs

1.

1B hotwell sodium

2.

1A hotwell sodium

3.

1A steam generator sodium

4.

1B steam generator sodium

5.

Condensate dissolved oxygen

6.

Feedwater dissolved oxygen

7.

1A steam generator pH

8.

1B steam generator pH

9.

Condensate pH

10.

Feedwater pH

11.

Feedwater hydrazine

12.

Spare

13.

Feedwater conductivity

14.

A steam generator conductivity

15.

B steam generator conductivity

16.

Condensate cation conductivity

17.

Feedwater cation conductivity

18.

A hotwell cation conductivity

19.

B hotwell cation conductivity

20.

Heater drain tank cation conductivity

21.

A steam generator cation conductivity

22.

B steam generator cation conductivity

23.

A main steam cation conductivity

24.

B main steam cation conductivity

25.

A steam generator blowdown rate

26.

B steam generator blowdown rate

27.

Sample cooling water temperature
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Figure 10.2-1 Turbine Control and Protection System
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Figure 10.6-1 Sheet 1 - Figure DELETED
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Figure 10.6-1 Sheet 2 - Figure DELETED
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Figure 10.6-2 Screen House Area Plot Plan
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Figure 10.6-3 Circulating Water Intake Cross Section
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11.1
11.1.1
11.1.1.1

DESIGN CRITERIA AND SOURCE TERMS
GENERAL DESIGN CRITERIA
AIF General Design Criterion 70 (1967)

The following design criterion was used during the licensing of Ginna Station. It was
included in the Atomic Industrial Forum version of proposed criteria issued by the AEC for
comment on July 10, 1967. These criteria are discussed in Section 3.1.1.
CRITERION: The facility design shall include those means necessary to maintain control over
the plant radioactive effluents, whether gaseous, liquid, or solid. Appropriate
holdup capacity shall be provided for retention of gaseous, liquid, or solid
effluents, particularly where unfavorable environmental conditions can be
expected to require operational limitations upon the release of radioactive
effluents to the environment. In all cases, the design for radioactivity control
must be justified
(a) on the basis of 10 CFR 20 requirements, for normal operation and for any
transient situation that might reasonably be anticipated to occur and (b) on the
basis of 10 CFR 100 dosage level guidelines for potential reactor accidents of
exceedingly low probability of occurrence (AIF-GDC 70).
With respect to the above criterion, liquid, gaseous, and solid waste disposal facilities are
designed so that discharge of effluents and offsite shipments are in accordance with
applicable NRC regulations and guidelines.
Radioactive fluids entering the waste disposal system are collected in sumps and tanks until
determination of subsequent treatment can be made. They are sampled and analyzed to
determine the quantity of radioactivity, with an isotopic breakdown if necessary. Before any
attempt is made to discharge, they are processed as required and then released under
controlled conditions. The system design and operation are characteristically directed toward
minimizing releases to unrestricted areas. Discharge streams are appropriately monitored and
safety features are incorporated to preclude excessive releases in accordance with the Offsite
Dose Calculation Manual (ODCM).
The bulk of the radioactive liquids discharged from the reactor coolant system are processed
and retained inside the plant by the chemical and volume control system recycle train. This
minimizes liquid input to the waste disposal system which processes relatively small
quantities of generally low-activity level wastes. The processed water from waste disposal,
from which most of the radioactive material has been removed, is discharged through a
monitored line into the circulating water discharge.
Radioactive gases are pumped by compressors through a manifold to one of the gas decay
tanks where they are held a suitable period of time for decay. Cover gases in the nitrogen
blanketing system are reused to minimize gaseous wastes. During normal operation, gases
are discharged intermittently at a controlled rate from these tanks through the monitored plant
vent. The system is provided with discharge controls so that environmental conditions do not
restrict the release of radioactive effluents to the atmosphere.
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Liquid wastes are processed to remove most of the radioactive materials. Spent resins from
the demineralizers and filter cartridges are packaged and shipped to an appropriate licensed
facility. This facility may volume reduce prior to disposal or may be a direct to ground
disposal facility.
All solid waste is placed in suitable containers and stored onsite until shipment offsite is made
for processing and disposal.
The design of the radioactive waste management systems was reviewed in 1972 (Reference 1)
on the bases of the General Design Criteria contained in Appendix A to 10 CFR 50, which
were promulgated after the licensing of Ginna Station, and the then proposed Appendix I to
10 CFR 50.
11.1.1.2

Appendix A General Design Criteria (1972)

Compliance of the design with the 1972 version of the General Design Criteria of Appendix
A to 10 CFR 50 is discussed in Section 3.1.2. Specifically, compliance of the original design
with General Design Criteria 60, 63, and 64 as they relate to the radioactive waste
management systems was either shown or achieved by design modifications.
Compliance with the requirements of the then proposed Appendix I to 10 CFR 50 is
documented in Reference 1. On May 5, 1975, the NRC published Appendix I to 10 CFR 50
which finalized the numerical guides for design objectives and limiting conditions for
operation to meet the criterion "as low as practicable." Rochester Gas and Electric
Corporation (RG&E) responded to these requirements in submittals to the NRC in June and
October 1976, (References 2 and 3).
Implementation of the overall requirements of 10 CFR 50, Appendix I, as to the utilization of
radwaste treatment equipment to ensure that radioactive discharges are as low as reasonably
achievable (ALARA), has been formalized in the Technical Specifications requirements for
the Radioactive Effluent Controls Program and the Offsite Dose Calculation Manual
(ODCM).
11.1.2

SOURCE TERMS

The waste disposal system collects and processes all potentially radioactive plant wastes for
removal from the plant site within limitations established by applicable governmental
regulations. Fluid wastes are sampled and analyzed to determine the quantity of radioactivity,
with an isotopic breakdown if necessary, before any attempt is made to discharge. These
wastes are then released under controlled conditions. The system is capable of processing all
wastes generated during continuous operation of the primary system, assuming that fission
products escape from 1% of the fuel pellets into the reactor coolant by diffusion through
defects in the cladding.
As secondary functions, system components supply hydrogen and nitrogen to primary system
components, as required during MODES 1 and 2; provide facilities to transfer fluids from
inside the containment to other systems outside the containment; and act as backup to
engineered safety features systems components during the long-term recirculation phase of
postaccident operation (see Section 6.3.3).
Page 3 of 55

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 11 RADIOACTIVE WASTE MANAGEMENT

11.1.2.1

Liquid Sources

During MODES 1 and 2 the waste disposal system processes liquids from the following
sources:
•

Equipment drains and leaks.

•

Radioactive chemical laboratory drains.

•

Hot shower drains.

•

Decontamination area drains.

Secondary regenerations and secondary system drains are released directly to the discharge
canal via radioactivity-monitored paths.
The system also collects and transfers liquids from the following sources directly to the
chemical and volume control system for processing:
•

Reactor coolant loops.

•

Pressurizer relief tank.

•

Reactor coolant pump secondary seals.

•

Excess letdown during startup.

•

Accumulators.

•

Valve and reactor vessel flange leakoffs.

Liquid wastes are generated primarily by plant maintenance and service operations.
Source term influents to the waste disposal system have changed considerably since the
original design of the system. However, the current influent quantities into the system are
smaller than the quantities for which the system was originally designed. Actual liquid waste
discharge quantity figures are provided in the Radioactive Effluent Release Reports required
by the Technical Specifications.
11.1.2.2

Gaseous Sources

The primary source of gas received by the waste disposal system during MODES 1 and 2 is
cover gas displaced from the chemical and volume control system holdup tanks as they fill
with liquid. Gaseous wastes consist primarily of hydrogen stripped from coolant discharged
to the chemical and volume control system holdup tanks during boron dilution; nitrogen and
hydrogen gases purged from the chemical and volume control system volume control tank
when degassing the reactor coolant; and nitrogen from the closed gas blanketing system. The
gas decay tank capacity will permit 45 days decay of waste gas before discharge. Gaseous
activity concentrations stated in terms of annual release values are given in Section 11.3.
11.1.2.3

Radioactivity Inputs

Radioactivity inputs into the waste disposal system are based on primary coolant equilibrium
activity. Reactor coolant activity concentrations, based on a design with 1% fuel defects, are
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discussed in Section 9.3.4.4.9 and listed in Tables 9.3-9 and 9.3-10. Tritium production,
control, and discharge is discussed in Sections 9.3.4.4.8, 9.3.4.4.9, and Table 9.3-11a.
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REFERENCES FOR SECTION 11.1
1.

Rochester Gas and Electric Corporation, Technical Supplement Accompanying
Application for Full-Term Operating License, August 1972.

2.

Letter from L. D. White, Jr., RG&E, to R. A. Purple, NRC, Subject: 10 CFR 50,
Appendix I, dated June 3, 1976.

3.

Letter from L. D. White, Jr., RG&E, to A. Schwencer, NRC, Subject: Supplemental
Information, 10 CFR 50, Appendix I, dated October 25, 1976.
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11.2
11.2.1

LIQUID WASTE MANAGEMENT SYSTEM
DESIGN BASES

Radioactive fluids entering the waste disposal system are collected in sumps and tanks until
determination of subsequent treatment can be made. They are sampled and analyzed to
determine the quantity of radioactivity, with an isotopic breakdown if necessary. Before any
attempt is made to discharge, they are processed as required and then released under
controlled conditions. The system design and operation are characteristically directed toward
minimizing releases to unrestricted areas. Discharge streams are appropriately monitored and
safety features are incorporated to preclude releases in excess of the limits of 10 CFR 20 and
to maintain radioactive discharges to levels as low as reasonably achievable (ALARA)
according to the requirements of 10 CFR 50, Appendix I.
The bulk of the radioactive liquids discharged from the reactor coolant system are processed
and retained inside the plant by the chemical and volume control system recycle train. This
minimizes liquid input to the waste disposal system which processes relatively small quantities
of generally low activity level wastes. The processed water from the waste disposal system,
from which most of the radioactive material has been removed, is discharged through a
monitored line into the circulating water discharge.
Codes applying to components of the liquid waste management system are shown in Table
11.2-1.
11.2.2

SYSTEM DESCRIPTION

The liquid waste disposal system process flow diagrams are shown in Drawings 33013-1259
and 33013-1270 through 33013-1272. Summaries of design data and performance data for
the liquid waste management system are shown in Tables 11.2-2 and 11.2-3, respectively. A
description of the liquid waste processing system components follows.
11.2.2.1

Laundry and Hot Shower Tanks

Two 600-gal tanks (Drawing 33013-1259) retain liquid wastes containing detergents
originating from the hot shower and from the laundry, prior to its dismantling in 1994. The
tanks are constructed of stainless steel. When a tank has been filled, its contents are pumped
to the waste holdup tank.
11.2.2.2

Chemical Drain Tank

The 375-gal chemical drain tank (Drawing 33013-1259) is austenitic stainless steel and
collects drainage from the hot section of the chemistry laboratory. After analysis, the tank
contents are pumped to the waste holdup tanks or to the waste condensate tanks.
11.2.2.3

Reactor Coolant Drain Tank and Pumps

The reactor coolant drain tank (Drawing 33013-1272, Sheets 1 and 2) collects all water
sources that are potentially tritiated. This water is recycled as much as practicable to
minimize tritium release to the environment. Its sources include the following:
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•

Reactor coolant system loop drains.

•

Reactor coolant pump No. 2 seal leakoff.

•

Excess letdown.

•

Valve and reactor vessel flange leakoffs.

•

Safety injection accumulator drains.

•

Pressurizer relief tank drain.

•

Refueling canal drains.

Two reactor coolant drain tank pumps (Drawing 33013-1272, Sheets 1 and 2) located in the
residual heat removal pit transfer the waste water to the chemical and volume control system
holdup tanks. From there it is sent to the boric acid evaporator system to be reprocessed. One
reactor coolant drain tank pump is a 150-gpm centrifugal pump, and the other is a 50-gpm
centrifugal pump powered respectively from Class 1E motor control centers 1C and 1D. Both
pumps are operated automatically by a reactor coolant drain tank level controller. These
pumps can also be used to pump the water from the refueling canal and cavity and the fuel
transfer canal to the refueling water storage tank (RWST) if needed. The reactor coolant drain
tank is a 350-gal tank with pressure, temperature, and level indications on the waste disposal
panel in the auxiliary building.
Additionally, two air-operated valves in the reactor coolant drain tank pump suction lines will
shut on a containment isolation signal.
The reactor coolant drain tank is normally kept pressurized between 0.5 psig and 2 psig with
nitrogen to minimize air in-leakage. The tank can be vented to the radwaste vent header via
two air-operated valves, which will shut on a containment isolation signal.
11.2.2.4
11.2.2.4.1

Waste Holdup Tank
Liquid Waste Sources

The waste holdup tank (21,000 gal) shown in Drawing 33013-1270, Sheets 1 and 2 is the
collection point for most primary liquid wastes, via gravity drain where possible. Other
drains, such as basement level drains, drain to a 375-gal capacity sump tank that is then
pumped to the waste holdup tank by two 20-gpm sump level-controlled centrifugal pumps.
The waste holdup tank can also receive pump discharges from the reactor coolant drain tank,
the chemical drain tank, the laundry and hot shower tanks, the intermediate and auxiliary
building sumps, and the steam-generator blowdown tank. Some sources of liquid waste to
the waste holdup tank from the auxiliary building are:
A. Equipment and floor drains for the operating level.
B. Equipment and floor drains for the intermediate level drain to the waste holdup tank.
C. Equipment and floor drains for the basement level drain to the auxiliary building sump to
be pumped to the waste holdup tank.
D. Equipment and drains in residual heat removal sump drain to the auxiliary building sump
and are pumped to the waste holdup tank.
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E. Water used in resin replacement of primary plant demineralizers to the waste holdup tank.
The sources of liquid waste to the waste holdup tank from the intermediate building are:
AA. Intermediate building (restricted area side) floor and equipment drains to intermediate
building sump to be pumped to waste holdup tank.
BB.

Hot shower drains.

CC.

Decontamination area drains to the laundry and hot shower tanks to be pumped to the
waste holdup tank.

DD. Radioactive chem lab drains.
EE.

Steam-generator blowdown tank to be pumped to the waste holdup tank, if necessary.

Containment floor drains are collected in containment sump A and pumped via two sump
pumps to the waste holdup tank. On a containment isolation signal the containment sump
pumps would trip and two series air-operated valves would shut isolating their combined
discharge line. Containment sump A level transmitters (LT-2039 and LT-2044) provide input
for level indication on the main control board.
11.2.2.4.2

Waste Holdup Tank Discharge

From the waste holdup tank, the waste water can be processed through the vendor supplied
demineralization system to monitor tank A or B (Section 11.2.2.17) and ultimately released to
the circulating water discharge canal or recycled to the reactor makeup water tank.
The waste holdup tank vent line is routed through the auxiliary building charcoal filters.
11.2.2.5

Auxiliary Building Sump Tank, Sump Tank Pumps, and Sump Pumps

The auxiliary building sump tank and sump tank pumps are shown in Drawing 33013-1270,
Sheet 1. The auxiliary building sump pumps are shown in Drawing 33013-1272, Sheet 2.
The 375-gal capacity auxiliary building sump tank serves as a collecting point for equipment
drain water discharged to the basement level drain header. It is located at the lowest point in
the auxiliary building in the residual heat removal pit. The drain header receives equipment
drains from the refueling water storage tank (RWST), residual heat exchangers, chemical and
volume control system holdup tanks and recirculation pump, gas stripper feed pumps, boric
acid evaporator, spent resin storage tanks, seal water filter, charging pump seal leakoff tank,
charging pumps, spray additive tank, seal water heat exchanger, and nonregenerative heat
exchanger. All equipment drains entering this tank contain loop seals to prevent gas from
leaving the pressure vent system. Two horizontal 20-gpm level-controlled centrifugal sump
tank pumps take suction from this tank and pump to the waste holdup tank in the basement
level of the auxiliary building. All welded parts of the pumps are stainless steel. The tank is
all-welded austenitic stainless steel.
The auxiliary building sump tank pumps may also be used to collect reactor cavity liner leaks
during shutdown and discharge through cartridge demineralizers via a remote hose
connection. By using the sump tank pump for this function, overloading of the liquid waste
processing system is avoided.
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The auxiliary building sump, Drawing 33013-1272, Sheet 2, located below the residual heat
removal pit, receives equipment drains from the residual heat removal pumps, safety injection
pumps, containment spray pumps, reactor coolant drain tank pumps, and reactor coolant drain
tank system relief valve 1814 to the residual heat removal system. Basement level floor
drains and residual heat removal pit floor drains also lead to the sump. Two 50-gpm auxiliary
building sump pumps take suction from this sump and discharge to the waste holdup tank.
(See Section 5.4.5.3.5.)
11.2.2.6

Waste Evaporator

The following section described the waste evaporator package, which was part of the original
plant design. The waste evaporator processed liquid waste from the waste holdup tank. Use
of the waste evaporator system was discontinued in 1990 and the system was physically
removed from the plant in 1999. The remaining description is retained for historical purposes
only.
Liquids requiring cleanup before release are processed in batches by the waste evaporator.
The concentrated bottoms are discharged to the drumming facility where they are packaged
for removal to a burial facility. The condensate is routed to one of two waste condensate
tanks.
The waste evaporator unit is a skid-mounted self-contained unit designed to process waste
fluids for eventual removal from the plant site by dilution of the distillate with the circulating
water discharge to the lake or by drumming and eventual offsite disposal in solid form. The
waste evaporator unit is designed to evaporate at a 2-gpm rate. It consists of a feed tank,
concentrator, distillate tank, hot water converter, several pumps, heating coils, cooling coils,
and necessary piping and instrumentation.
The length of an evaporator operating cycle is determined by activity of the concentrate or the
boron concentration. The entire evaporator is austenitic stainless steel of welded
construction, except for the heat transfer surfaces, which are admiralty metal.
The other evaporator system, which can be used as a backup system to process waste from the
waste holdup tank or normal clean chemical and volume control system drains, is the boric
acid evaporator. The concentrates from this evaporator can be transferred to the waste
evaporator feed tanks for disposal or to the concentrates holding tank for reuse. The
parameters used to control the batch operations are boric acid concentration and gross
degassed activity. These concentrations are limited by procedure although activity may be
further limited by burial ground dose rate limits.
11.2.2.7

Evaporator Feed Tank

The following section described the waste evaporator feed tank, which was part of the
original plant design. The waste evaporator processed liquid waste from the waste holdup
tank. Use of the waste evaporator system was discontinued in 1990 and the system was
physically removed from the plant in 1999. The remaining description is retained for
historical purposes only.
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The evaporator feed tank was a 500-gal tank whose level is controlled around 400 gal using
makeup from the waste holdup tank via a cycling waste evaporator feed pump and a 5-micron
filter. The feed tank also receives the following:
A. Some concentrator bottoms via an eductor.
B. Steam air ejector discharge from the concentrator.
C. Chemical addition for pH and antifoaming control.
The pH is normally maintained between 5.0 and 6.0 to minimize carryover. Foaming is
minimized by adding very small quantities of an antifoam solution. The tank has an
electrical immersion heater to maintain the tank solution temperature above the saturation
point at which crystallization would occur.
The waste evaporator feed tank vent line was routed through the auxiliary building charcoal
filters.
11.2.2.8

Evaporator Feed Tank Pumps

The following section described the waste evaporator feed tank pumps, which were part of
the original plant design. The waste evaporator processed liquid waste from the waste holdup
tank. Use of the waste evaporator system was discontinued in 1990 and the system was
physically removed from the plant in 1999. The remaining description is retained for
historical purposes only.
The purpose of the feed tank pump was to pump the feed tank water to the evaporator
concentrator section. A portion of the discharge passes through an eductor which serves to
remove the concentrator bottoms back into the feed tank. When the feed tank activity and/or
boric acid concentrations get too high, valving is realigned to pump the feed tank to the
drumming station. A sample line is provided for checking the concentration. The waste
evaporator recirculation line provides a path from the drumming station back to the feed tank
for that portion of the feed pumped to but not released to the drumming station. The feed
tank pump has a capacity of 20 gpm at a 100 ft head at design pressure and temperature of
100 psig and 180F.
When the waste in the evaporator feed tank reaches a low level, the evaporator feed tank
pump is tripped to prevent possible damage to the pump.
11.2.2.9

Concentrator

The following section described the waste evaporator concentrator, which was part of the
original plant design. The waste evaporator processed liquid waste from the waste holdup
tank. Use of the waste evaporator system was discontinued in 1990 and the system was
physically removed from the plant in 1999. The remaining description is retained for
historical purposes only.
The concentrator separated the impurities from the distillate, under vacuum, by means of a
closed loop hot water heating section for boiling the feedwater and a component cooling
water cooled condenser section for condensing the evaporated distillate. Vacuum is
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maintained by an air ejector that uses 100 psig house heating steam. This also serves to
prevent any buildup of noncondensible gases in the concentrator. Air ejector discharge is
condensed in a component cooling water cooled heat exchanger. The closed loop hot water
heating section uses 20 psig house heating steam via a hot water converter and a closed loop
water system consisting of a circulating pump and expansion tank with associated piping.
The distillate steam vapor rises across screens, a demister, and a sieve to remove impurities
from the vapor. The impurities fall to the bottom of the concentrator and are removed via the
eductor to the feed tank. The pure distillate steam vapor rises to the condenser section where
it is condensed and collected on a tray. The condensate is then vacuum-dragged through
another eductor to the distillate tank.
11.2.2.10

Distillate Tank

The following section described the waste evaporator distillate tank, which was part of the
original plant design. The waste evaporator processed liquid waste from the waste holdup
tank. Use of the waste evaporator system was discontinued in 1990 and the system was
physically removed from the plant in 1999. The remaining description is retained for
historical purposes only.
The 50-gal distillate tank collected the condensate from the evaporator. A distillate pump
recirculates the distillate through an eductor. A line connecting the condensate collection tray
to the low-pressure area of the eductor removes condensate from the evaporator. As the
distillate tank fills, the pump discharge will divert to the waste condensate tanks via a
distillate cooler which uses component cooling water as its cooling medium. From here, the
distillate is sent to the two waste condensate demineralizers to remove any fission products
that may have been carried over in the distillate.
11.2.2.11

Waste Condensate Demineralizers

The waste condensate demineralizers (Drawing 33013-1276) are 30 ft3 in size and contain
nonregenerative mixed-bed resin. At their outlet is a 25-micron filter to retain any resin fines.
11.2.2.12

Waste Condensate Tanks

The following section described the waste condensate tanks, which were part of the original
plant design. the waste evaporator processed liquid waste form the waste holdup tank. Use of
the waste evaporator system was discontinued in 1990 and the system was physically
removed from the plant in 1999. The remaining description is retained for historical purposes
only.
Two 600-gal tanks collected evaporator condensate. The contents were sampled and analyzed
for radioactivity and purity before discharge. The condensate was transferred by one of two
waste condensate pumps to the waste holdup tank if the activity was high or to the condenser
circulating water if the activity was sufficiently low. These tanks are constructed of allwelded stainless steel.
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Protection against an inadvertent release of high activity from the waste condensate tank was
provided by an interlock which prevented the discharge valve from opening if the measured
activity was above specified limits. The waste condensate tanks were retired in place in 1999.
11.2.2.13

Vendor Supplied Demineralization System

A vendor supplied demineralization system is used for processing liquid radwaste. This
system uses mixed media filtration and anion, cation, and mixed-bed resin to process water
from the waste holdup tank. The system consists of five to six resin vessels, a booster pump,
mechanical filtration, dewatering pump, and process control unit. After processing, waste
water is collected in monitor tank A (Section 11.2.2.17). If the processed water is
unacceptable for release because of radioactivity, it is recycled to the waste holdup tank. When
chemistry and activity release parameters are met, the waste water is released from the monitor
tank into the circulating water discharge canal. When the resin media is spent, it is sluiced to a
shipping container for disposal.
11.2.2.14

High Conductivity Waste Tank

The high conductivity waste tank is the collection point for condensate polisher regenerant
wastes and high conductivity waste effluent. It retains those effluents prior to release into the
circulating water system. It is a 50,000-gal carbon steel tank.
11.2.2.15

Retention Tank

The retention tank is the collection point for the various building floor and equipment drains.
It retains these effluents prior to discharging into the circulating water discharge. It is
continuously monitored for pH and radioactivity (see Section 11.5.2.2.14).
11.2.2.16

Neutralizing Tank

The neutralizing tank was permanently removed from the primary water treatment system
per PCR-2006-0017.
11.2.2.17

Monitor Tanks

The monitor tanks are part of the chemical and volume control system. The B monitor tank
accepts effluents from the boric acid evaporator and the A monitor tank accepts effluents
from the vendor supplied demineralization system (Section 11.2.2.13). Discharge from the
monitor tanks may be pumped to the reactor makeup water storage tank, aligned to the
suction of the reactor makeup water pumps (when the reactor makeup water tank is out of
service), recycled through the evaporator condensate demineralizers, returned to the waste
holdup tank for reprocessing, or discharged to the environment with the condenser circulating
water within the allowable activity concentration.
11.2.2.18

Radwaste Control System

Control of radwaste operations was aided by monitoring provided by a process computer
system tied to various radwaste panels. In 1995, this computer system was removed after an
evaluation determined that it provided no value to Ginna Station nor did plant procedures
require the use of the computer for accident monitoring or recovery.

Page 13 of 55

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 11 RADIOACTIVE WASTE MANAGEMENT

11.2.2.19

Dry Cleaning Unit

Contaminated clothing was cleaned using a dry cleaning unit, prior to its dismantling in 1994.
All laundry is currently sent offsite for cleaning.
11.2.2.20

Piping and Valves

Liquid waste piping is stainless steel. Piping connections are welded except (1) where
flanged connections are necessary to facilitate equipment maintenance or (2) where Cam-Lok
quick connect fittings are necessary for operation of the vendor supplied demineralization
system (Section 11.2.2.13). No threaded fittings are used in waste piping.
The laundry and hot shower tank valves and the compressor seal-water supply and cooling
valves are carbon steel. All other valves are stainless steel. All valves have stem leakage
control. Globe valves are installed with flow over the seats when such an arrangement
reduces the possibility of leakage. All relief valves handling radioactive gases are of the
closed bonnet design and contain bellows seals. Relief valves in the systems handling
radioactive fluids are of the closed bonnet design and are constructed of stainless steel.
Stop valves are provided to isolate each piece of equipment for maintenance, to direct the
flow of waste through the system, and to isolate storage tanks for radioactive decay.
Relief valves are provided for tanks containing radioactive wastes if the tanks might be
overpressurized by improper operation or component malfunction. Tanks containing wastes
which are normally of low radioactivity are vented locally.
11.2.3
11.2.3.1

LIQUID EFFLUENT RELEASE CONCENTRATIONS AND DOSES
Liquid Release Control

Liquid batch releases are controlled individually and each batch release is authorized based
upon sample analysis and the existing dilution flow in the discharge canal. Plant procedures
establish the methods for sampling and analysis of each batch prior to release. A release rate
limit is calculated for each batch based upon analysis, dilution flow, and all procedural
conditions being met before it is authorized for release. The waste effluent stream entering
the discharge canal is continuously monitored and the release will be automatically
terminated if the preselected monitor setpoint is exceeded.
If gross beta analysis is performed for each batch release in lieu of gamma isotopic analysis,
then a weekly composite for principal gamma emitters and Iodine-131 is performed.
Additional monthly and quarterly composite analyses are performed as specified, and the
methodology and equations used to calculate activity are included in the Ginna Station
Offsite Dose Calculation Manual (ODCM).
11.2.3.2

Dose Calculations

The dose contribution received by the maximally exposed individual from the ingestion of
Lake Ontario fish and drinking water is determined using the methodology described in the
Offsite Dose Calculation Manual. The calculations assume a near field dilution factor of 1.0
in evaluating the fish pathway dose and a dilution factor of 200 between the plant discharge
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and the Ontario Water District drinking water intake located 1.1 miles away. The dilution
factor of 20 was derived from drift and dispersion studies documented in Appendix 2B. The
Monroe County Water Authority Webster plant is located 4.1 miles upstream and due to this
location, this facility is not considered an uptake pathway. The Webster plant will begin water
production in 2014. Dose contributions from shoreline recreation, boating, and swimming
have been shown to be negligible in the Appendix I dose analysis (Reference 1) and do not
need to be routinely evaluated. Also, there is no known human consumption of shellfish
from Lake Ontario.
The dose contribution to an individual is determined to ensure that it complies with the Offsite Dose Calculation Manual (ODCM) requirements. The dose or dose commitment to an
individual from radioactive materials in liquid effluents released to unrestricted areas shall be
limited: (1) during any calendar quarter to less than or equal to 1.5 mrem to the total body
and less than or equal to 5 mrem to any organ, and (2) during any calendar year to less than or
equal to 3 mrem to the total body and to less than or equal to 10 mrem to any organ. Offsite
receptor doses will be determined for the limiting age group and organ, unless census data
show that actual offsite individuals are of a less limiting age group.
Calculations were performed in 1976 (References 1 and 2) to demonstrate conformity with
numerical guides on design objectives presented in Appendix I to 10 CFR 50 for liquid
effluents. Tables 11.2-4 and 11.2-5 present the assumptions and the annual liquid effluent
releases, respectively. The maximum individual doses are shown in Table 11.2-6.
In 2005, scaling techniques, based on NUREG-0017, Revision 1 methodology, were utilized
to assess the impact of core power uprate on radioactive liquid effluents at Ginna.
As described in Reference 3, the conservatively performed power uprate analysis utilized the
plant core power operating history during the years 1999 to 2003, the reported liquid effluent
and dose data during that period, NUREG-0017 equations and assumptions. Also utilized
was conservative methodology, to estimate the impact of operation at the analyzed uprate
core power level of 1811 MWt, over that of operation at the previously licensed power level,
on radioactive liquid effluents and consequent normal operation off-site doses.
The licensed reactor core power level during the 1999 to 2003 time frame was 1520 MWt.
For the uprate condition, the system parameters utilized in the power uprate analysis reflected
the flow rates and coolant masses at an analyzed NSSS power level of 1817 MWt and a core
power level of 1811 MWt. For the pre-uprate condition, the evaluation utilized offsite doses
based on an average 5 year set of organ and whole body doses calculated using data presented
in the Ginna Annual Radioactive Effluent Release Reports for the years 1999 through 2003,
taking into consideration the associated average annual core power level, extrapolated to 100
percent availability at the licensed power level.
Using the methodology and equations found in NUREG-0017, Revision 1, and based on a
comparison of the change in power level and in plant coolant system parameters (e.g., reactor
coolant mass, steam generator liquid mass, steam flow rate, reactor coolant letdown flow rate,
flow rate to the cation demineralizer, letdown flow rate for boron control, steam generator
blowdown flow rate, steam generator moisture carryover, etc.) for both pre-uprate and uprate
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conditions, the maximum potential percentage increase in coolant activity levels due to the
uprate, for each chemical group identified in NUREG-0017, was estimated.
To estimate an upper bound impact on off-site doses, the highest factor found for any
chemical group pertinent to the release pathway was applied to the average doses previously
determined as representative of operation at pre-uprate conditions. This approach was
utilized to estimate the maximum potential increase in effluent doses due to the uprate, and
demonstrate that the estimated off-site doses following the uprate, although increased, will
continue to remain below the regulatory limits set by 10CFR50, Appendix I. Table 11.2-7
shows that based on operating history, the maximum estimated dose due to liquid radwaste
effluents, following power uprate, will continue to remain significantly below the annual
design objectives for liquid radwaste effluents set by 10CFR50, Appendix I.
It is noted that actual liquid effluent isotopic release curie and dose information are provided
in the Annual Radioactive Effluent Release Reports required by the Technical Specifications.
Actual liquid effluent isotopic release curie figures are provided in the Radioactive Effluent
Release Reports required by the Technical Specifications.
11.2.3.3

Accidental Spill of Liquid Radwastes

An accidental spill of liquid radwastes into Lake Ontario cannot result from any single failure
of equipment, either an active or passive failure. For example, all of the tanks and pipes
outside of the containment that can potentially contain significant radioactivity are located
within the auxiliary building. A break in any tank or pipe would drain to the auxiliary
building sump. The sump is well below lake level so that gravity spill to the lake is not
possible. Therefore, the worst "spill" accident is to pump out a monitor tank of maximum
possible activity. Because of the low radioactivity levels in the circulating water discharge,
the concentration of liquid radioactive effluents at this point is not measured directly. The
concentrations in the circulating water discharge are calculated from the measured
concentration in the waste condensate tank, the flow rate of the waste condensate pumps,
and the flow in the circulating water system.
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REFERENCES FOR SECTION 11.2
1.

Letter from L. D. White, Jr., RG&E, to R. A. Purple, NRC, Subject: Calculations to
Demonstrate Compliance with the Design Objectives of 10 CFR 50, Appendix I, dated
June 3, 1976.

2.

Letter from L. D. White, Jr., RG&E, to A. Schwencer, NRC, Subject: Response to NRC
Additional Information Requests, Appendix I, dated October 25, 1976.

3.

Letter, M.G. Korsnick, Ginna LLC, to Document Control Desk, NRC, Subject: License
Amendment Request Regarding Extended Power Uprate, dated July 7, 2005.
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Table 11.2-1
WASTE DISPOSAL COMPONENTS CODE REQUIREMENTS
Component

Code

Chemical drain tank

No code

Reactor coolant drain tank

ASME IIIa Class C

Sump tank

No code

Spent resin storage tanks

ASME IIIa Class C

Waste holdup tank

No code

Waste condensate tank

No code

Waste retention tank

No code

High conductivity waste tank

No code

Laundry and hot shower tank

No code

Waste filter

ASME IIIa Class C

Leakoff collection tank

No code

Piping and valves

ASA-B31.1 Section 1b

a.
b.

ASME III is the American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, Section
IV, Nuclear Vessel.
ASA-B31.1 is the code for pressure piping American Standards Association and special nuclear cases
where applicable.
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Table 11.2-2a
LIQUID WASTE SYSTEM COMPONENT SUMMARY DATA - TANKS
Tanks

Qty

Type

Volume

Design
Pressure

Reactor coolant drain

1

Ha

350 gal

25 psig

267F

Sb

Laundry and hot shower

2

Vc

600 gal

Atmosphere

180F

Sb

Chemical drain

1

Vc

375 gal

Atmosphere

180F

Sb

Sump tank

1

Ha

375 gal

Atmosphere

180F

Sb

Waste holdup

1

Ha

21,000 gal

Atmosphere

150F

Sb

Spent resin storage

2

Vc

1,000 gal

100 psig

150F

Sb

Waste condensate
(retired in place in 1999)

2

Vc

600 gal

Atmosphere

180F

Sb

Gas decay

4

Vc

470 ft3

150 psig

150F

Cd

Leakoff collection

1

Ha

50 gal

5 ft H2O
vacuum

120F

Sb

High conductivity waste

1

Vc

50,000 gal

Atmosphere

Ambient

Cd

Waste retention

1

Ha

25,000 gal

Atmosphere

Ambient

Cd

a.

Horizontal

b.

Stainless steel - s/s

c.

Vertical

d.

Carbon steel - c/s
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Table 11.2-2b
LIQUID WASTE SYSTEM COMPONENT SUMMARY DATA - PUMPS
Pumps

Qty

Type

Reactor coolant
drain (A)

1

Horizontal
centrifugal
canned

50

175

100

267

Stainless
steel

Reactor coolant
drain (B)

1

Horizontal
centrifugal
canned

150

175

100

267

Stainless
steel

Chemical drain

1

Horizontal
centrifugalb

20

100

100

180

Stainless
steel

Laundry

1

Horizontal
centrifugalb

20

100

100

180

Stainless
steel

Sump tank

2

Horizontal
centrifugalb

20

100

100

180

Stainless
steel

Sump pit

2

Vertical
centrifugal

50

55

---

---

Stainless
steel

Waste condensate

2

Horizontal
centrifugalcb

20

100

100

180

Stainless
steel

Waste retention tank
discharge

1

Vertical
centrifugal

500

20

---

---

Cast iron

High conductivity
waste tank discharge

1

Horizontal
centrifugal

300

100

---

---

Stainless
steel

Waste holdup tank

1

Horizontal
centrifugal

20

100

100

180

Stainless
steel

Flow Head Design
Design
(gpm) (ft) Pressure Temperature
(psig)
(F)

a.

Wetted surfaces only.

b.

Mechanical seal provided.

c.

1 Waste condensate pump abandoned in place. 1 removed from plant.
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Table 11.2-2c
LIQUID WASTE SYSTEM COMPONENT SUMMARY DATA - COMPRESSORS
Compressors
Waste Gas Compressor
‘A’
Waste Gas Compressor
‘B’
a.

Quantity
Type
1
Horizontal centrifugal a
1

Horizontal centrifugal a

Capacity
Model
48 cfm Nash AL-623C
48 cfm

Nash AL-623C

Mechanical seal provided.
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Table 11.2-3
LIQUID WASTE DISPOSAL SYSTEM PERFORMANCE DATA
(System physically removed in 1999. This information is for historical purposes only.)
Plant design life

40 years

Normal process capacity, liquids (evaporator)

2 gpm

Load factora

26%

Annual processed liquid dischargeb
Volume

3.07 x 105 gal

Activity

5.9 mCi

Annual total liquid dischargeb
Volume

2.29 x 107 gal

Activity

115 mCi

a.

Batch operation.

b.

Actual 1983 operation.
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Table 11.2-4a
LIQUID EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS, ASSUMPTIONS
(HISTORICAL)
Input information to the computer program GALE.
Thermal power level, Mwt

1520

Plant capacity factor

0.80

Mass of primary coolant, lb

2.82 x 105

Primary system letdown rate, gpm

40

Letdown cation demineralizer flow, gpm

3.60

Number of steam generators

2

Total steam flow, lb/hr

6.58 x 106

Mass of steam in each steam generator, lb

4.622 x 103

Mass of liquid in each steam generator, lb

8.5 x 104

Total mass of secondary coolant, lb

8.15 x 105

Blowdown rate, lb/hr

1.1 x 104

Radwaste dilution flow, gpm

4.0 x 105

Note: The information presented in the above table represents the inputs utilized in the original
10CFR50 Appendix I analysis performed for Ginna and is retained herein for historical purposes
only.
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Table 11.2-4b
LIQUID EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS, ASSUMPTIONSa (HISTORICAL)
LIQUID WASTE INPUTS
Stream

Decontamination Factors

Flow Rate (gal/
day)

Fraction of
PCA b

Collection
Time (days)

Decay Time
(days)

Iodine

Cesium

Others

Shim bleed

7.0 x 102

1.000

0.100

52.000

1.400

1.0 x 104

2.0 x 104

1.0 x 105

Equipment drains

2.5 x 102

1.000

0.100

52.000

1.400

1.0 x 104

2.0 x 104

1.0 x 105

Dirty waste

6.2 x 102

0.060

1.000

11.500

6.000

1.0 x 104

1.0 x 105

1.0 x 105

Clean waste

1.3 x 102

0.160

1.000

11.500

6.000

1.0 x 104

1.0 x 105

1.0 x 105

Blowdown

3.16 x 104

---

0.0

0.0

0.010

1.0 x 104

1.0 x 103

1.0 x 103

0.0

---

1.000

0.0

0.0

1.0

1.0

1.0

Untreated blowdown

Fraction
Discharged

Note: The information presented in the above table represents the assumptions utilized in the original 10CFR50 Appendix I analysis performed for Ginna and is retained
herein for historical purposes only.
a.

Input information to the computer program GALE.

b.

Primary coolant activity.
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Table 11.2-5
LIQUID EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS, RESULTSa. (HISTORICAL)
Coolant Concentrations
Nuclide
Half-Life
(days)

Primary
(Ci/m1)

Secondary
(Ci/ml)

Annual Releases to Discharge Canal
Boron
Recycle
System
(Ci)

Misc.
Wastes
(Ci)

Secondary
(Ci)

Turbine
Bldg
(Ci)

Total
Liquid
Waste
System
(Ci)

Adjusted
Total
(Ci/yr)

Detergent
Wastes
(Ci/yr)

Total
(Ci/yr)

Corrosion and Activation Products
51Cr

2.78 x 101

1.57 x 10-3

5.61 x 10-7

0.0

0.0

0.0

0.00001

0.00001

0.00006

0.0

0.00006

54Mn

3.03 x 102

2.56 x 10-4

1.36 x 10-7

0.0

0.0

0.0

0.0

0.0

0.00002

0.00003

0.00005

55Fe

9.50 x 102

1.32 x 10-3

4.74 x 10-7

0.0

0.0

0.0

0.0

0.00001

0.00006

0.0

0.00006

59Fe

4.50 x 101

8.27 x 10-4

3.46 x 10-7

0.0

0.0

0.0

0.0

0.0

0.00004

0.0

0.00004

58Co

7.13 x 101

1.32 x 10-2

4.81 x 10-6

0.0

0.00001

0.0

0.00005

0.00006

0.00056

0.00013

0.00070

60Co

1.92 x 103

1.65 x 10-3

6.10 x 10-7

0.0

0.0

0.0

0.00001

0.00001

0.00007

0.00029

0.00036

95Zr

6.50 x 101

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.00005

0.00005

95Nb

3.50 x 101

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.00007

0.00007

239Np

2.35 x 100

1.00 x 10-3

2.78 x 10-7

0.0

0.0

0.0

0.0

0.0

0.00002

0.0

0.00002

Fission Products
83Br

1.00 x 10-1

4.14 x 10-3

2.99 x 10-7

0.0

0.0

0.0

0.00001

0.00001

0.00005

0.0

0.00005

89Sr

5.20 x 101

2.89 x 10-4

1.38 x 10-7

0.0

0.0

0.0

0.0

0.0

0.00002

0.0

0.00001

99Mo

2.79 x 100

7.00 x 10-2

2.68 x 10-5

0.0

0.0

0.0

0.00025

0.00026

0.00234

0.0

0.00230

99mTc

2.50 x 10-1

4.11 x 10-2

5.11 x 10-5

0.0

0.0

0.0

0.00037

0.00037

0.00340

0.0

0.00340
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Coolant Concentrations
Nuclide
Half-Life
(days)

Primary
(Ci/m1)

Secondary
(Ci/ml)

Annual Releases to Discharge Canal
Boron
Recycle
System
(Ci)

Misc.
Wastes
(Ci)

Secondary
(Ci)

Turbine
Bldg
(Ci)

Total
Liquid
Waste
System
(Ci)

Adjusted
Total
(Ci/yr)

Detergent
Wastes
(Ci/yr)

Total
(Ci/yr)

106Ru

3.67 x 102

8.27 x 10-6

3.39 x 10-9

0.0

0.0

0.0

0.0

0.0

0.0

0.00008

0.00008

110mAg

2.53 x 102

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.00001

0.00001

127Te

3.92 x 10-1

7.23 x 10-4

3.05 x 10-7

0.0

0.0

0.0

0.0

0.00000

0.00002

0.0

0.00002

129mTe

3.40 x 101

1.16 x 10-3

4.18 x 10-7

0.0

0.0

0.0

0.0

0.00001

0.00005

0.0

0.00005

129Te

4.79 x 10-2

1.39 x 10-3

1.29 x 10-6

0.0

0.0

0.0

0.0

0.0

0.00003

0.0

0.00003

130I

5.17 x 10-1

1.78 x 10-3

3.53 x 10-7

0.0

0.0

0.0

0.00003

0.00003

0.00023

0.0

0.00023

131mTe

1.25 x 100

2.10 x 10-3

5.45 x 10-7

0.0

0.0

0.0

0.0

0.0

0.00004

0.0

0.00004

131I

3.05 x 100

2.24 x 10-1

8.33 x 10-5

0.00019

0.00068

0.0

0.00812

0.00899

0.08223

0.0

0.08200

132Te

3.25 x 100

2.25 x 10-2

6.92 x 10-6

0.0

0.0

0.0

0.00007

0.00007

0.00062

0.0

0.00062

132I

9.58 x 10-2

8.64 x 10-2

2.21 x 10-5

0.0

0.0

0.0

0.00042

0.00042

0.00383

0.0

0.00380

133I

8.76 x 10-1

3.20 x 10-1

7.85 x 10-5

0.00001

0.0

0.0

0.00641

0.00643

0.05880

0.0

0.05900

134Cs

7.49 x 102

2.08 x 10-2

8.20 x 10-6

0.00008

0.00002

0.0

0.00008

0.00018

0.00167

0.00043

0.00210

135I

2.79 x 10-1

1.62 x 10-1

2.32 x 10-5

0.0

0.0

0.0

0.00124

0.00124

0.01138

0.0

0.01100

136Cs

1.30 x 101

1.09 x 10-2

3.68 x 10-6

0.00001

0.0

0.0

0.00004

0.00005

0.00050

0.0

0.00050

137Cs

1.10 x 104

1.50 x 10-2

5.46 x 10-6

0.00006

0.00001

0.0

0.00005

0.00013

0.00118

0.00079

0.00200

137mBa

1.77 x 10-3

1.39 x 10-2

1.84 x 10-5

0.00006

0.00001

0.0

0.00005

0.00012

0.00110

0.0

0.00110

144Ce

2.34 x 102

2.73 x 10-5

1.36 x 10-8

0.0

0.0

0.0

0.0

0.0

0.0

0.00017

0.00017

2.20 x 10-1

4.85 x 10-6

0.0

0.0

0.0

0.00001

0.00001

0.00007

0.0

0.00007

All
others
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Coolant Concentrations
Nuclide
Half-Life
(days)

Primary
(Ci/m1)

Total
(except
tritium)

1.24

Tritium
release

210 Ci/yr

a.

Secondary
(Ci/ml)

3.43 x 10-4

Annual Releases to Discharge Canal
Boron
Recycle
System
(Ci)

0.00044

Misc.
Wastes
(Ci)

0.00075

Secondary
(Ci)

0.0

Turbine
Bldg
(Ci)

0.01722

Total
Liquid
Waste
System
(Ci)
0.01841

Adjusted
Total
(Ci/yr)

0.16341

Detergent
Wastes
(Ci/yr)

0.00206

Total
(Ci/yr)

0.17000

Computer program GALE

Note: The information presented in the above table represents the results of the original 10CFR50 Appendix I analysis performed for Ginna and is retained herein for historical
purposes only.
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Table 11.2-6
MAXIMUM INDIVIDUAL DOSES FROM LIQUID EFFLUENTS (MREM/YEAR) (HISTORICAL)
Pathway

Age Group

Drinking water

Adult

0.0013

0.0013

a

0.0013

0.0013

0.00900

0.0013

a

Teen

a

a

a

a

a

0.0072

a

a

Child

0.0014

0.0014

a

0.0015

a

0.017

0.0014

a

Infant

0.0020

0.0020

a

0.0023

a

0.040

0.0020

a

Adult

0.022

0.0030

0.016

0.029

0.011

0.063

0.0038

a

Teen

0.013

0.0020

0.016

0.029

0.0082

0.057

0.0040

a

Child

0.0051

0.0010

0.019

0.025

0.0035

0.059

0.0031

a

Infant

0.

0.

0.

0.

0.

0.

0.

0.

Adult

a

a

a

a

a

a

a

a

Teen

a

a

a

a

a

a

a

a

Child

a

a

a

a

a

a

a

a

Infant

0.

0.

0.

0.

0.

0.

0.

0.

Adult

a

a

a

a

a

a

a

a

Teen

a

a

a

a

a

a

a

a

Child

a

a

a

a

a

a

a

a

Infant

0.

0.

0.

0.

0.

0.

0.

0.

Fish ingestion

Shoreline recreation

Boating

Total Body

GI Tract

Bone
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Pathway

Age Group

Swimming

Adult

a

a

a

a

a

a

a

a

Teen

a

a

a

a

a

a

a

a

Child

a

a

a

a

a

a

a

a

Infant

0.

0.

0.

0.

0.

0.

0.

0.

Adult

0.023

0.0040

0.016

0.030

0.011

0.073

0.0051

a

Teen

0.014

0.0030

0.016

0.029

0.0093

0.064

0.0048

a

Child

0.0065

0.0024

0.019

0.026

0.0045

0.076

0.0045

a

Infant

0.0021

0.0021

a

0.0023

a

0.040

0.0021

a

Totals

Total Body

GI Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

Note: The information presented in the above table represents the results of the original 10CFR50 Appendix I analysis performed for Ginna and is retained herein for
historical purposes only.
a.

Indicates dose less than 0.001 mrem/year.
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Table 11.2-7
ESTIMATED ANNUAL DOSES TO THE PUBLIC DUE TO NORMAL OPERATION
LIQUID RADWASTE EFFLUENTS - CORE POWER LEVEL 1811 MWt
Type or Dose

Appendix I
Design
Objectives

Pre-Upratea

Uprateb

Percentage of
Appendix I
Design
Objectives

Dose to total
body from all
pathways

3 mrem/yr

3.16E-03 mrem/
yr

3.77E-3 mrem/yr

0.126%

Dose to any
organ from all
pathways

10 mrem/yr

3.37E-3 mrem/yr

4.01E-3 mrem/yr

0.040%

a.

b.

Base Case - doses based on an average 5 year set of organ and whole body doses calculated using data
presented in the Ginna Annual Radioactive Effluent Release Reports for the years 1999 through 2003,
taking into consideration the associated average annual core power level, extrapolated to 100 persent
availability at the licensed power level of 1520 MWt.
Estimated upper bound off-site doses developed as discussed in Section 11.2.3.2 by using scaling
techniques that are applied to the Base Case.
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11.3
11.3.1

GASEOUS WASTE MANAGEMENT SYSTEM
DESIGN BASES

The gaseous waste management system is designed to collect waste gases from various tanks
and sampling systems throughout the plant. A number of tanks in the plant are maintained
with a low-pressure hydrogen or nitrogen gas blanket to prevent air introduction into their
systems. As these tanks fill with liquid, the displaced gas volume is collected by the gaseous
waste management system via a vent header. Most of the gas received by the system during
normal operation is due to the cover gases displaced from the chemical and volume control
system holdup tanks as they fill with liquid. These gases are collected and stored in gas decay
tanks until reuse or discharge to the environment. Since the chemical and volume control
system holdup tanks cover gases must be replaced when they are emptied during processing,
provisions are made to return the gas from the gas decay tanks to the chemical and volume
control system holdup tanks via a reuse header.
11.3.2
11.3.2.1

SYSTEM DESCRIPTION
Operation

The flow diagrams for the gaseous waste management system are shown in Drawings 330131274 and 33013-1273.
During MODES 1 and 2, the gaseous waste management system supplies nitrogen and
hydrogen from standard cylinders to primary plant components. Two headers are provided,
one for operation and one for backup. The nitrogen supply pressure regulator in the operating
header is set for 200 psig discharge. When the operating header is exhausted, its discharge
pressure will fall below 150 psig and a warning light will alert the operator that automatic
alignment to the backup source has occurred. The operator can also manually align nitrogen
to its backup source. Hydrogen cylinders have to be manually aligned to the backup source,
upon receiving a low pressure alarm.
Most of the gas received by the gaseous waste management system during MODES 1 and 2 is
cover gas displaced from the chemical and volume control system holdup tanks. Since this
gas must be replaced when the tanks are emptied during processing, facilities are provided to
return gas from the decay tanks to the holdup tanks. A backup supply from the nitrogen
header is provided for makeup if return flow from the gas decay tanks is not available. Since
the hydrogen concentration may exceed the combustible limit during this type of operation,
components discharging to the vent header system are restricted to those containing no air or
aerated liquids and the vent header itself is designed to operate at a slight positive pressure
(0.5 psig minimum to 2.0 psig maximum) to prevent inleakage. Outleakage from the system
is minimized by using Saunders patent diaphragm valves, bellows seals, self-contained
pressure regulators, and soft-seated packless valves throughout the radioactive portions of the
system.
11.3.2.2

Components

The gaseous waste management system consists of a waste disposal panel, a gas analyzer, two
waste gas compressors with moisture separators, four gas decay tanks, the associated piping
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for routing the waste gases, and various monitoring points as well as provisions for isolating
an environmental discharge on high activity level.
The vent header receives gases from the following sources:
•

Gas stripper operation.

•

Volume control tank purges.

•

Sampling system discharges.

•

Chemical and volume control system holdup tank cover gas.

•

Spent resin storage tank venting.

•

Gas analyzer discharge.

•

Gas decay tank rupture disk discharge.

•

Pressurizer relief tank venting.

•

Reactor coolant drain tank venting.

•

Charging pump leakoff collection tank venting.

11.3.2.2.1

Waste Gas Compressors

Once waste gases enter the vent header, they flow to the suction of two centrifugal
displacement type waste gas compressors. The compressors are initially filled manually with
component cooling water for sealing purposes, and additional makeup of sealing water is
automatic. A small amount of the seal-water is continuously supplied to the pumps to remove
compression heat, and the excess water from the pumps is discharged with the gases. This
small amount of water is removed from the gases in a baffle separator before the gases are
discharged to one of the gas decay tanks. The seal-water heat exchangers for the compressors
are cooled by component cooling water.
One of the two compressors is in continuous operation with the second unit instrumented to
act as backup for peak load conditions or failure of the first unit. The standby compressor
will start at a pressure of 1.8 psig increasing in the vent header and can be secured at 1.7 psig
decreasing. The compressors are powered from motor control center 1E on the auxiliary
building main floor.
From the compressors, gas flows to one of four gas decay tanks. The control arrangement on
the gas decay tank inlet header allows the operator to place one tank in service and to select
one tank for backup if the tank in operation becomes fully pressurized. When the tank in
service becomes pressurized to 110 psig, a pressure transmitter automatically closes the inlet
valve to that tank, opens the inlet valve to the backup tank, and sounds an alarm to alert the
operator of this event so that a new backup tank may be selected. Pressure indicators are
supplied to aid the operator in selecting the backup tank.
11.3.2.2.2

Gas Decay Tanks

The gas decay tanks are 470 ft3 each, having a design pressure of 150 psig and normally
operating between 0 to 110 psig. Their normal operating temperature is 50F to 140F. They
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are protected from overpressure by 150-psig relief valves and by rupture disks and are
equipped with high-pressure alarms. The gas decay tanks are designed to ASME III, Section
IV, Class C, code requirements. They can be lined up for draining, gas analyzer sampling, or
for being pressurized with nitrogen. In addition, gas held in the decay tanks can either be
returned to the chemical and volume control system holdup tanks via the reuse header, or
discharged to the atmosphere if it has decayed sufficiently for release.
Before a tank can be emptied to the environment, it is sampled and analyzed to determine and
record the activity to be released, and only then discharged to the plant vent at a controlled
rate through a radiation monitor. Samples are taken manually from the gas analyzers. During
release (through charcoal filters), a trip valve in the discharge line is closed automatically by a
high activity level indication in the plant vent.
During operation, gas samples are drawn periodically from tanks discharging to the waste gas
vent header as well as from the particular gas decay tank being filled at the time, and
automatically analyzed to determine their hydrogen and oxygen content.
11.3.2.2.3

Waste Disposal Panel

The waste disposal panel contains pressure gauges for the tanks using cover gas and also for
the gas decay tanks, and the vent header. There is also a local plant stack radiation monitor
(R-14) to be used by the operator during releases. The monitor gauge is located beside the
control for the gas release valve. All gas system manual operations and releases are
controlled locally at the waste disposal panel by the operator. The ac power is supplied to
the waste disposal panel for switch and pump indication lights, and dc power is supplied for
the annunciator section of the panel. The alarm conditions that are associated with the
gaseous waste management system are
•

Moisture separator No. 1 and No. 2 level, high-low.

•

Vent header pressure, high.

•

Gas analyzer control panel alarm or trouble.

•

Plant stack monitor radiation, high.

•

Gas decay tank No. 1, 2, 3, and 4, pressure, high.

•

Gas decay tank new standby selection, when required.

There are also high-pressure alarms on the tanks that vent to the vent header. An alarm on the
waste disposal panel will light an annunciator on the main control board.
11.3.2.2.4

Gas Analyzer

A gas analyzer is provided to monitor the concentrations of oxygen and hydrogen in the cover
gas of the waste disposal system and chemical and volume control system tanks. The gas
analyzer is manually aligned to take samples from vessels of the waste disposal system,
analyzes the samples for oxygen and hydrogen, records the results of the analysis, and
provides alarms when a hazardous operating condition exists. Upon indication of a high
oxygen level, provisions are made to purge the systems to the gaseous waste system with an
inert gas. The gas analyzer is normally aligned to continually sample the in-service Gas
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Decay Tank. The analyzer system is capable of analyzing oxygen concentrations of 0-10%
accurately to 2% full scale linearity and 1% full scale repeatability and hydrogen
concentrations of 0.5-100% accurately to 0.3% absolute (excluding allowable drift) for 0.510% hydrogen and 1.0% absolute (excluding allowable drift) for 10-100% hydrogen.
11.3.2.2.5

Nitrogen Manifold

Nitrogen, used to purge the vapor space of various components to reduce the hydrogen
concentration or to replace fluid that has been removed, is supplied from a dual manifold.
The dual manifold arrangement ensures a continuous supply of gas.
11.3.2.2.6

Hydrogen Manifold

Hydrogen is supplied to the volume control tank to maintain the hydrogen partial pressure as
hydrogen dissolves in the reactor coolant. The hydrogen is supplied from a dual manifold.
The dual manifold arrangement ensures a continuous supply of gas.
11.3.2.2.7

Valves

All valves exposed to gases are carbon steel. All valves have stem leakage control; all relief
valves handling radioactive gases are of the closed bonnet design and contain bellows seals.
11.3.3

GASEOUS RADIOACTIVE RELEASES

Gaseous effluent monitor setpoints as described in Section 11.5.2 are established at
concentrations that permit some margin for corrective action to be taken before exceeding
offsite dose rates corresponding to 10 CFR 20 limitations. Plant procedures establish the
methods for sampling and analysis for continuous ventilation releases and for containment
purge releases, as well as the methods for sampling and analysis prior to gas decay tank
releases. The dose rates are determined using methodology included in the Offsite Dose
Calculation Manual.
Calculations were performed in 1976 (References 1 and 2) to demonstrate conformity with
numerical guides on design objectives presented in Appendix I to 10 CFR 50 for gaseous
effluents. Table 11.3-1 and Table 11.3-2 show the assumptions and the annual gaseous
releases calculated. Table 11.3-3 shows the maximum individual doses resulting from
gaseous effluents. Atmospheric dispersion factors are discussed in Section 2.3.4.
In 2005, scaling techniques, based on NUREG-0017, Revision 1 methodology, were utilized
to assess the impact of core power uprate on radioactive gaseous effluents at Ginna.
As described in Reference 3, the conservatively performed power uprate analysis utilized the
plant core power operating history during the years 1999 to 2003, the reported gaseous
effluent and dose data during that period, NUREG-0017 equations and assumptions. Also
utilized was conservative methodology, to estimate the impact of operation at the analyzed
uprate core power level of 1811 MWt, over that of operation at the previously licensed
power level, on radioactive gaseous effluents and consequent normal operation off-site
doses.
The licensed reactor core power level during the 1999 to 2003 time frame was 1520 MWt.
For the uprate condition, the system parameters utilized in the power uprate analysis reflected
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the flow rates and coolant masses at an analyzed NSSS power level of 1817 MWt and a core
power level of 1811 MWt. For the pre-uprate condition, the evaluation utilized offsite doses
based on an average 5 year set of organ and whole body doses calculated using data presented
in the Ginna Annual Radioactive Effluent Release Reports for the years 1999 through 2003,
taking into consideration the associated average annual core power level, extrapolated to 100
percent availability at the licensed power level.
Using the methodology and equations found in NUREG-0017, Revision 1, and based on a
comparison of the change in power level and in plant coolant system parameters (e.g., reactor
coolant mass, steam generator liquid mass, steam flow rate, reactor coolant letdown flow rate,
flow rate to the cation demineralizer, letdown flow rate for boron control, steam generator
blowdown flow rate, steam generator moisture carryover, etc.) for both pre-uprate and uprate
conditions, the maximum potential percentage increase in coolant activity levels due to the
uprate, for each chemical group identified in NUREG-0017, was estimated.
To estimate an upper bound impact on off-site doses, the highest factor found for any
chemical group pertinent to the release pathway was applied to the average doses previously
determined as representative of operation at pre-uprate conditions. This approach was utilized
to estimate the maximum potential increase in effluent doses due to the uprate, and
demonstrate that the estimated off-site doses following the uprate, although increased, will
continue to remain below the regulatory limits set by 10CFR50, Appendix I. Table 11.3-4
shows that based on operating history, the maximum estimated dose due to gaseous radwaste
effluents, following power uprate, will continue to remain significantly below the annual
design objectives for gaseous radwaste effluents set by 10CFR50, Appendix I.
It is noted that actual gaseous effluent isotopic release curie and dose information are
provided in the Annual Radioactive Effluent Release Reports required by the Technical
Specifications.
The evaluation of an accidental decay tank rupture is presented in Section 15.7.
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REFERENCES FOR SECTION 11.3
1.

Letter from L. D. White, Jr., RG&E, to R. A. Purple, NRC, Subject: Calculations to
Demonstrate Compliance with the Design Objectives of 10 CFR 50, Appendix I, dated
June 1976.

2.

Letter from L. D. White, Jr., RG&E, to A. Schwencer, NRC, Subject: Response to NRC
Additional Information Requests, Appendix I, dated October 25, 1976.

3.

Letter, M.G. Korsnick, Ginna LLC, to Document Control Desk, NRC, Subject: License
Amendment Request Regarding Extended Power Uprate, dated July 7, 2005.
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Table 11.3-1
GASEOUS EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS,
ASSUMPTIONSa (HISTORICAL)
Thermal power level, Mwt

1520

Plant capacity factor

0.80

Mass of primary coolant, lb

2.82 x 105

Percent fuel with cladding defects

0.12

Primary system letdown rule, gpm

40

Letdown cation demineralizer flow, gpm

3.6

Number of steam generators

2

Total steam flow, lb/hr

6.58 x 106

Mass of steam in each steam generator, lb

4.622 x 103

Mass of liquid in each steam generator, lb

8.5 x 104

Mass of water in steam generators, lb

1.7 x 105

Total mass of secondary coolant, lb

8.15 x 105

Blowdown rate, lb/hr

1.1 x 104

Primary to secondary leak rate, lb/day

100

Fission product carryover fraction

0.0010

Halogen carryover fraction

0.0100

Radwaste dilution flow, gpm

4.0 x 105

Gaseous Waste Inputs
There is continuous low volume purge of volume control
tank.
Holdup time for xenon, days

90

Holdup time for krypton, days

90

Fill time of decay tanks for the gas stripper, days

45

Gas waste system particulate release fraction

0.01000

Auxiliary building iodine release fraction

0.10000

Auxiliary building particulate release fraction

0.01000

Containment volume, ft3

1.0 x 106
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GASEOUS EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS,
ASSUMPTIONSa (HISTORICAL)
Containment atmosphere cleanup rate, cfm

1.02 x 104

Frequency of containment high volume purge, times/year

28

Containment shutdown purge, iodine release fraction

1.00000

Containment shutdown purge, particulate release fraction

0.01000

There is not a containment low volume purgeb
Steam leak to turbine building, lb/hr

1.7 x 103

Fraction iodine released from blowdown tank vent

0.0

Fraction iodine released from main condenser air eject

1.0000

Note: The information presented in the above Table represents the inputs and assumptions
utilized in the original 10CFR50 Appendix I analysis performed for Ginna and is retained herein
for historical purposes only.
a.

Input to computer program GALE

b.

See Section 6.2.4.4.9 for current containment purging methodology.
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Table 11.3-2
GASEOUS EFFLUENTS, 10 CFR 50, APPENDIX I CALCULATIONS, RESULTSa (HISTORICAL)
Gas Stripping
Primary
Coolant
(Ci/g)

Secondary
Coolant
(Ci/g)

Shutdown

Continuous

Building Ventilation
Reactor
(ci/yr)

Auxiliary
(Ci/yr)

Turbine
(Ci/yr)

Blowdown
Vent Offgas
(ci/yr)

Air Ejector
Exhaust
(Ci/yr)

Total

83mKr

1.749 x 10-2

1.101 x 10-8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

85mKr

8.637 x 10-2

5.549 x 10-8

0.0

0.0

0.0

2.0

0.0

0.0

1.0

3.0

85Kr

6.519 x 10-3

4.161 x 10-9

2.0

1.1 x 102

2.0

0.0

0.0

0.0

0.0

1.1 x 102

87Kr

5.070 x 10-2

3.082 x 10-8

0.0

0.0

0.0

1.0

0.0

0.0

0.0

1.0

88Kr

1.629 x 10-1

1.021 x 10-7

0.0

0.0

0.0

3.0

0.0

0.0

2.0

5.0

89Kr

4.354 x 10-3

2.779 x 10-9

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

131mXe

1.545 x 10-2

9.926 x 10-9

0.0

0.0

4.0

0.0

0.0

0.0

0.0

4.0

133mXe

8.420 x 10-2

5.410 x 10-8

0.0

0.0

9.0

2.0

0.0

0.0

1.0

1.2 x 101

4.196 x 100

2.657 x 10-6

0.0

0.0

8.5 x 102

8.9 x 101

0.0

0.0

5.6 x 101

9.9 x 102

1.126 x 10-2

7.108 x 10-9

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.482 x 10-1

1.568 x 10-7

0.0

0.0

5.0

5.0

0.0

0.0

3.0

1.3 x 101

7.834 x 10-3

4.961 x 10-9

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

3.809 x 10-2

2.368 x 10-8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

133Xe
135mXe
135Xe
137Xe
138Xe

Total Noble Gases

1.1 x 103
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Gas Stripping
Primary
Coolant
(Ci/g)

Secondary
Coolant
(Ci/g)

Shutdown

Continuous

Building Ventilation
Reactor
(ci/yr)

Auxiliary
(Ci/yr)

Turbine
(Ci/yr)

Blowdown
Vent Offgas
(ci/yr)

Air Ejector
Exhaust
(Ci/yr)

Total

131I

2.236 x 10-1

9.207 x 10-5

0.0

0.0

1.0 x 10-3

3.6 x 10-3

5.0 x 10-3

0.0

2.2 x 10-2

3.2 x 10-2

133I

3.199 x 10-1

8.415 x 10-5

0.0

0.0

1.2 x 10-3

5.1 x 10-3

4.6 x 10-3

0.0

3.2 x 10-2

4.3 x 10-2

Tritium Gaseous Release
Note:

400 Ci/yr

1. 0.0 appearing in the table indicates release is less than 1.0 Ci/yr for noble gas, 0.0001 Ci/yr for Iodine.
2. The information presented in the above table represents the results of the original 10CFR50 Appendix I analysis performed for Ginna and is retained herein for historical
purposes only.

a.

Calculated by computer program GALE.
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Table 11.3-3
MAXIMUM INDIVIDUAL DOSES FROM GASEOUS EFFLUENTS (HISTORICAL)a
(mrem/year)
Pathway
Plume
Ground shine and
inhalation

Vegetables

Cow or goat

Meat

Age Group

Total Body

GI Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

All

0.022

0.022

0.022

0.022

0.022

0.022

0.022

0.051

Adult

0.046

0.046

0.018

0.046

0.046

0.075

0.046

0.046

Teen

0.034

0.034

0.018

0.034

0.038

0.057

0.034

0.034

Child

0.034

0.034

0.018

0.034

0.028

0.066

0.034

0.034

Infant

0.035

0.035

0.018

0.035

0.025

0.089

0.035

0.035

Adult

0.229

0.22

0.62

0.22

0.23

0.73

0.22

0.22

Teen

0.290

0.29

0.20

0.29

0.26

0.70

0.29

0.28

Child

0.620

0.62

0.49

0.62

0.22

1.26

0.62

0.62

Infant

b

b

b

b

b

b

b

b

Adult

0.0014

0.0014

0.0042

0.0014

0.0015

0.017

0.0014

0.0014

Teen

0.0020

0.002

0.0015

0.0021

0.0019

0.025

0.002

0.002

Child

0.0045

0.0045

0.0037

0.0045

0.0016

0.051

0.0045

0.0045

Infant

0.0091

0.0089

0.0078

0.0092

0.0016

0.120

0.009

0.009

Adult

0.058

0.058

0.221

0.058

0.058

0.11

0.058

0.058

Teen

0.041

0.041

0.035

0.042

0.034

0.08

0.041

0.041

Child

0.074

0.074

0.066

0.074

0.022

0.13

0.074

0.074

Infant

b

b

b

b

b

b

b

b
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MAXIMUM INDIVIDUAL DOSES FROM GASEOUS EFFLUENTS (HISTORICAL)a
(mrem/year)
Pathway

Age Group

Total Body

GI Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

Total (not including
plume)

Adult

0.334

0.325

0.863

0.325

0.336

0.932

0.325

0.325

Teen

0.367

0.367

0.254

0.368

0.334

0.862

0.367

0.357

Child

0.732

0.732

0.577

0.733

0.272

1.507

0.732

0.732

Infant

0.044

0.044

0.026

0.044

0.026

0.209

0.040

0.044

Note: The information presented in the above table represents the results of the original 10CFR50 Appendix I analysis performed for Ginna and is retained herein for historical
purposes only.
a.

Highest offsite annual beta air dose = 0.14 mrad/year, 0.3 miles east. Highest offsite annual gamma air dose = 0.10 mrad/year, 0.3 miles east.

b.

Indicates dose less than 0.001 mrem/year.
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Table 11.3-4
ESTIMATED ANNUAL DOSES TO THE PUBLIC DUE TO NORMAL OPERATION
GASEOUS RADWASTE EFFLUENTS - CORE POWER LEVEL 1811 MWt
Type or Dose

Appendix I
Design
Objectives

Pre-Upratea

Uprateb

Percentage of
Appendix I
Design
Objectives for
EPU Case

Gamma Dose in
Air

10 mrad/yr

Not Reported Sepa- 19% increase
rately in Annual
Radioactive
Release Reportc

As other doses
are a small fraction of Appendix
I Limits, it is
assumed that this
dose and consequent increase is
also a small fraction of Appendix
I.

Beta Dose in Air

20 mrad/yr>

Not Reported Sepa- 19% increase
rately in Annual
Radioactive
Release Report

As other doses
are a small fraction of Appendix
I Limits, it is
assumed that this
dose and consequent increase is
also a small fraction of Appendix
I.

Dose to total
body of an individual

5 mrem/yr

7.06E-03 mrem/yr

8.41E-03 mrem/yr

0.168%

Dose to skin of
an individual

15 mrem/yr

9.25E-03 mrem/yr

1.10E-02 mrem/yr

0.073%

Radioiodines and Particulates Released to the Atmosphere
Dose to any
organ from all
pathways

15 mrem/yr

1.76E-02 mrem/yr

2.27E-02 mrem/yr

0.151%

a.

Base Case - doses based on an average 5 year set of organ and whole body doses calculated using data
presented in the Ginna Annual Radioactive Effluent Release Reports for the years 1999 through 2003,
taking into consideration the associated average annual core power level, extrapolated to 100 persent
availability at the licensed power level of 1520 MWt.

b.

Estimated upper bound off-site doses developed as discussed in Section 11.3.3 by using scaling
techniques that are applied to the Base Case.
Ginna historically included Gamma Air Dose in total body dose and Beta Air Dose in skin dose.

c.
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SOLID WASTE MANAGEMENT SYSTEM

11.4
11.4.1

DESCRIPTION

11.4.1.1

General

11.4.1.1.1

Types of Solid Waste

The waste disposal system is designed to package all solid waste in standard liners and other
approved packages for removal to burial or processing facilities. The types of solid waste that
are produced at Ginna Station in addition to dry active waste are:
I.

Sludge.

II. Oily waste.
III. Bead resin.
IV. Filters.
11.4.1.1.2

Sludge

Suspended solids and other sludges occasionally require processing. This material is
processed using a vendor-supplied system. A topical report demonstrating satisfactory
processing by a vendor is required. The vendor's procedures must be approved in accordance
with applicable station administrative procedures. Lab samples are created and tested and
following quality control review, full-scale solidification is performed.
11.4.1.1.3

Oily Waste

Oily waste is processed by incineration at a central processing facility. An alternative method
is to solidify and bury the waste at a licensed burial site. An approved method of
solidification is to add an emulsifier to the oily waste and water at a neutral pH. The mixture
is solidified by adding an approved solidification matrix. Other methods that may be
employed utilize filtration. This would be a vendor-supplied system and would require the
appropriate review and approval.
11.4.1.1.4

Bead Resin

Bead resin is used to remove chemical impurities and radioactive contamination from the
reactor coolant, the chemical and volume control system, the spent fuel pool (SFP), and the
liquid waste processing system. When the resin is exhausted or reaches a radiation limit, the
spent resin is sluiced to one of two 150 ft3 (1122-gal) spent resin storage tanks. After
sufficient resin has been collected in one of the storage tanks, a transport cask sufficient for
the radioactivity present is ordered. The transport cask is inspected using a quality control
inspection procedure specific for each type of cask to ensure that the cask meets all the
requirements of the Certificate of Compliance. A liner, which contains internal piping to
completely dewater the resin, is installed in the cask. The cask is handled, loaded, and
unloaded using a procedure specific for the model cask used. Piping is run from the
drumming station to the manway in the top of the liner. Spent resin is then slurried from the
spent resin storage tank into the liner with water used for sparging and mixing the resin, and
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nitrogen gas pressure used to move the resin. A representative sample of the resin is obtained
and the concentration of each radioisotope is calculated. After the resin is dewatered, the liner
is capped and sealed and the top is put back on the cask. The cask is surveyed for radiation
and contamination and properly labeled and marked. The resin is then transported to the
licensed facility.
11.4.1.1.5

Spent Filters

When filters become saturated or have a high dose rate, they are dewatered and then replaced.
The spent filters are placed in a high integrity container or solidified in an approved media
and shipped in accordance with 10 CFR 71, 10 CFR 61, and burial site licenses. The
maximum dose rate allowed on the surface of the container is determined by the shielding of
the package in which the container is shipped.
11.4.1.1.6

Dry Active Waste

Dry active waste is shipped in bulk form to a vendor for volume reduction and packaging for
delivery to the disposal site.
Components associated with the solid waste processing system are described in the following
sections.
11.4.1.2

Spent Resin Storage Tanks

The spent resin storage tanks (Drawing 33013-1270, Sheets 1 and 2) retain spent resin
normally discharged from the mixed-bed, spent fuel pool (SFP), base removal, and cation
demineralizers. Normally, the tank is filled over a long period of time, the contents are
allowed to decay, and are then emptied prior to receiving any additional resin. However, the
contents can be removed at any time, if sufficient shielding is provided for the spent resin
shipping vessel. A layer of water is maintained over the resin surface to prevent resin
degradation due to heat generation from decaying fission products. Resin is removed from
the tank by first backflushing with nitrogen to loosen the resin bed and then flushing the resin
out with nitrogen entering the top of the tank. The tanks are all-welded austenitic stainless
steel.
11.4.1.3

Storage Facilities

There are two onsite solid waste storage facilities with a combined capacity sufficient to
accommodate approximately 5 years of operation. The two facilities are located northeast of
the plant within the security fence.
The upper radwaste storage facility (URSF) has a bridge crane with a 3-ton capacity that
provides versatility for moving radwaste in and out. This facility is large enough to
accommodate a 45-ft box van. The URSF typically provides temporary storage for plant
solid waste.
The high integrity container (HIC) storage facility is a concrete walled, open topped structure
designed as a shadow shield for the storage of spent resin. The resin is stored in a form ready
for shipment (i.e., in shielded casks).
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Additionally, there is a reinforced concrete structure located northwest of the plant outside the
security fence. This facility houses the old steam generators and is designed for long-term
storage.
11.4.2

SOLID WASTE ESTIMATES

Ginna Station generated and shipped offsite approximately 12,000 ft3 of solid radwaste in
1983 and approximately 9000 ft3 in 1984. Average values in 1986-1988 were approximately
6000 ft3. The March 1991 RG&E update to the Final Environmental Statement related to the
operation of Ginna Station states that in total, Ginna delivers an average of 5000 ft3 with a
content of 200 curies of waste to disposal sites each year (Reference 1). A breakdown of
quantities and radioactive content according to waste classification for the period July 1990 to
June 1991 is shown in Table 11.4-1. Reference 2 indicates that the extended power uprate
(EPU) will have minimal impact on the volume of solid radwaste generated at Ginna Station.
The quantities shipped offsite for processing and burial are reported to the NRC in the
Radioactive Effluent Release Report.
11.4.3

PROCESS CONTROL PROGRAM

The Offsite Dose Calculation Manual (ODCM) controls the establishment of a Process
Control Program. The Process Control Program outlines the method for processing wet solid
wastes and for solidification of liquid wastes. It includes applicable process parameters and
evaluation methods used at Ginna Station to ensure compliance with the requirements of 10
CFR 71 prior to shipment of containers of radioactive waste from the site.
A radwaste sampling and analysis program has been instituted to ensure compliance with 10
CFR 61. Scaling factors have been developed to calculate concentrations of hard-to-measure
isotopes from more easily determined isotopes. The scaling factors will enable
concentrations of all required isotopes to be determined for each radwaste shipment.
All radioactive waste is shipped to a licensed burial site in accordance with applicable NRC,
Department of Transportation, and state regulations, including burial site regulation
requirements.
To ensure that personnel exposure is minimized, "as low as reasonably achievable"
considerations are addressed in all phases of the solidification process.
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REFERENCES FOR SECTION 11.4
1.

Letter from R. C. Mecredy, RG&E, to A. R. Johnson, NRC, Subject: Environmental
Issues Related to CP-0L R. E. Ginna Nuclear Power Plant, dated March 8, 1991.

2.

Letter, M.G. Korsnick, Ginna LLC, to Document Control Desk, NRC, Subject: License
Amendment Request Regarding Extended Power Uprate, dated July 7, 2005.
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Table 11.4-1
ANNUAL SHIPMENT OF SOLID WASTE (JULY 1990-JUNE 1991)
Type of Waste
Spent resins, filter sludges, evaporator bottoms, etc.
Volume, m3

89.9

Activity, Ci

207.3

Dry compressible waste, contaminated equipment, etc.
Volume, m3

63.2

Activity, Ci

4.2

Irradiated components, control rods, etc.
Volume, m3

0

Activity, Ci

0

NOTE: Total volume = 153.1 m3 = 5405 ft3
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11.5
11.5.1

PROCESS AND EFFLUENT RADIATION MONITORING AND
SAMPLING SYSTEMS
DESIGN BASES

All liquid and gaseous radioactive releases are continuously monitored for gross activity
during discharge to ensure that the activity limits specified in 10 CFR 20 for unrestricted
areas are not exceeded. The Offsite Dose Calculation Manual (ODCM) include limits
applicable to release of radioactive material in liquid and gaseous effluents.
The radioactive liquid effluent instrumentation is provided to monitor and/or control, as
applicable, the releases of radioactive materials in liquid effluents. The alarm and/or trip
setpoints for these instruments are calculated in accordance with the Offsite Dose Calculation
Manual to ensure that alarm and/or trip will occur prior to exceeding the limits of 10 CFR 20.
The operability and use of this instrumentation is consistent with the requirements of General
Design Criteria 60, 63, and 64 of Appendix A to 10 CFR 50.
The radioactive gaseous effluent instrumentation is provided to monitor and control, as
applicable, the releases of radioactive materials in gaseous effluents. The alarm and/or trip
setpoints for these instruments are calculated in accordance with the Offsite Dose Calculation
Manual to ensure that alarm and/or trip will occur prior to exceeding the limits of 10 CFR 20.
This instrumentation also includes provisions for monitoring the concentrations of potentially
explosive gas mixtures in the waste gas holdup system. The operability and use of this
instrumentation is consistent with the requirements of General Design Criterion 64 of
Appendix A to 10 CFR 50.
11.5.2
11.5.2.1

SYSTEM DESCRIPTION
General

The radiation monitoring system detects, computes, indicates, annunciates, and records the
radiation level at selected locations inside and outside the reactor plant and is divided into the
following subsystems.
A. The process radiation monitoring system consists of channels that primarily give early
warning of a plant malfunction and secondarily warn personnel of increasing radiation
which might result in exceeding release rate limits.
B. The area radiation monitoring system consists of channels which primarily warn personnel
of increasing radiation that might result in an unnecessary exposure.
The radiation monitoring system continuously monitors plant effluents and various in-plant
points selected to provide indication and warning in areas where radioactive sources exist and
operating personnel are required to be present. Laboratory analysis equipment provides
analytical information on the chemical and radiochemical contents from the many samples
taken throughout and adjacent to the plant. Personnel monitors are provided to record
integrated exposure for all site personnel. The above provides adequate information and
warning for the continued safe operation of the plant.
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The area radiation monitoring system is described in detail in Section 12.3.4. The process
radiation monitoring system is discussed below. The postaccident sampling system is
described in Section 9.3.2.3.
11.5.2.2
11.5.2.2.1

Process Radiation Monitoring System
General Description

The process radiation monitoring system continuously monitors various fluid and air streams
for indication of increasing radiation levels or the presence of radioactivity in the selected
process systems. This system also provides visual and audible alarms in the control room in
order to alert the operators to any significant increases in activity. The system consists of
liquid and airborne radioactivity monitors that will warn of hazardous or potentially
hazardous contamination of effluent waters and gases. The system is also designed to
provide a visual alarm in the control room if there is a malfunction of the meter or detector
circuitry. Liquid process radiation monitoring channels R-17, R-18, R-19, R-21, and R-22
also provide automatic control functions as a result of a high alarm. The majority of the
channels within the process radiation monitoring system utilizes a scintillation type detector
described in Section
12.3.4.3. The control room operators have access to data from the effluent monitors via the
plant process computer system.
The process radiation monitoring points and the associated release rate limits and alarm
setpoints (calculated by methods described in the Offsite Dose Calculation Manual) are listed
in plant procedures. The alarm setpoints are set at a fraction of the release limit value and are
controlled by plant procedures. The process radiation monitoring locations in relation to the
gaseous and liquid waste effluent paths are shown schematically in Figures 11.5-1 and 11.5-2.
Periodic testing of the process radiation monitors consists of channel checks, source checks,
functional tests, and calibrations as specified in the Offsite Dose Calculation Manual
(ODCM).
11.5.2.2.2

Containment Iodine Monitor

The containment vent or containment atmosphere iodine monitor (R-10A) collects
radioiodine on a cartridge. A detector readout in counts per minute (cpm) indicates the
quantity (microcuries) of Iodine-131 on the cartridge. The change in the counts per minute
reading over a time period (delta cpm/hour) indicates the concentration of Iodine-131 in the
air being sampled.
11.5.2.2.3

Plant Vent Iodine Monitor

The plant vent iodine monitor (R-10B) collects radioiodine on a cartridge. A detector readout
in counts per minute (cpm) indicates the quantity (microcuries) of Iodine-131 on the
cartridge. The change in the counts per minute reading over a time period (delta cpm/hour)
indicates the concentration of Iodine-131 in the plant vent air.
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11.5.2.2.4

Containment Particulate and Noble Gas Monitors

The containment vent or containment atmosphere particulate monitor (R-11) normally
measures short-lived particulate daughters of noble gas. The usual isotope seen is Rubidium88 which has an 18-minute half-life and is the daughter of Krypton-88 gas. The radioactive
particulates of concern are those with half-lives greater than 8 days, such as Cesium-137.
The release rate limit for Cesium-137 is calculated by methods described in the Offsite Dose
Calculation Manual (ODCM). The alarm setpoint is a fraction of the release limit value and
is sufficient during containment venting. This setpoint is also sufficient to warn of coolant
leaks when the containment is isolated during reactor operation. When the containment is
isolated, and the monitor is not monitoring an effluent release, the alarm setpoint can be
changed as necessary to sense coolant leaks.
The containment vent or containment atmosphere noble gas monitor (R-12) measures the
noble gas concentration in which Xenon-133 is the major isotope present. The release rate
limit for Xenon-133 is calculated by methods described in the Offsite Dose Calculation
Manual (ODCM). The alarm setpoint is a fraction of the release limit value and is sufficient
for sampling both the containment vent and the containment atmosphere when the
containment is isolated.
Monitor R-11 or R-12 is required to sample the containment atmosphere during mini-purge
operation and will automatically isolate the mini-purge system on high radiation levels in
containment (see section 7.3.1.1). Monitor R-11 or R-12 is required to be operable for
reactor coolant system leakage detection as described in section 5.2.5.1.
11.5.2.2.5

Containment Vent High-Range Effluent Monitor

The containment vent high-range effluent monitor (RM-12A) installed in accordance with
NUREG 0737, Item II.F.1, monitors particulate, Iodine-131, and the noble gas in the
containment vent. The alarm setpoints are set to correspond to certain fractions of the release
rate limits given in the Offsite Dose Calculation Manual (ODCM). For the particulate alarms,
Cesium-137 is used as representative of isotopes with greater than 8-day half-lives. The
release limit values and alarm setpoints are listed in plant procedures.
11.5.2.2.6

Plant Vent Particulate Monitors

The plant vent particulate monitor (R-13) normally is measuring short-lived particulate
daughters of noble gas. The usual isotope seen is Rubidium-88 which has an 18-minute halflife and is the daughter of Krypton-88 gas. The radioactive particulates of concern are those
with half-lives of greater than 8 days, such as Cesium-137. The release rate limit for Cesium137 is calculated by methods described in the Offsite Dose Calculation Manual (ODCM).
The alarm setpoint is a fraction of the release limit value and is sufficient to provide warning
of a problem some time before the release rate limit is reached. The release limit values and
alarm setpoints are listed in plant procedures.
11.5.2.2.7

Plant Vent Noble Gas and High-Range Effluent Monitor

The plant vent noble gas monitor (R-14) normally measures low concentrations of Xenon133 from reactor coolant leaks in the auxiliary building, gas decay tank releases, or from
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taking primary system samples in the nuclear sample room. The release rate limit for
Xenon-133 is calculated by methods described in the Offsite Dose Calculation Manual
(ODCM). The alarm setpoint is a fraction of the release limit value and terminates gas
decay tank releases, initiates plant vent isolation, and provides a warning of unusual
conditions before the release rate limit is reached.
The plant vent high-range effluent monitor (RM-14A) installed in accordance with NUREG
0737, Item II.F.1, monitors particulate, Iodine-131, and noble gas in the ventilation air
exhausted from the auxiliary and intermediate buildings. The alarm setpoints are set to
correspond to certain fractions of the release rate limits given in the Offsite Dose Calculation
Manual (ODCM). For the particulate alarms, the release rate limit for Cesium-137 is used as
representative of isotopes with half-lives greater than 8 days. The release limit values and
alarm setpoints are listed in plant procedures.
11.5.2.2.8

Air Ejector and Gland Steam Exhaust Monitors

The air ejector and gland steam exhaust monitor (R-15) is used to detect primary-tosecondary leakage and to determine the release rate of noble gases from the main condenser.
The release rate limit for noble gas from this source is calculated by methods described in the
Off-site Dose Calculation Manual (ODCM). The air ejector and gland seal exhaust release
concentration limit is calculated utilizing the release limit value and a conservatively large
flow rate specified in the ODCM. The alarm setpoint is set at a fraction of the release
concentration limit value. R-15 can be used to trend steam generator tube leakage or to
determine an actual volumetric leak rate by correlating the monitor response to a leak rate
determined by grab sample analysis.
The air ejector and gland steam exhaust monitor (R-48) is used to determine the release rate
of noble gases from the main condenser. The release rate limit for noble gas from this source
is calculated by methods described in the Offsite Dose Caluclation Manual (OCDM). The air
ejector and gland steam exhaust release concentration limit is calculated utlilizing the release
limit value and a conservatively large flow rate specified in the ODCM. The alarm setpoint is
set at a fraction of the release concentration limit value. R-48 will alarm prior to Emergency
Action Level (EAL) limits. R-48 mimics R-15 but provides a higher range required for
accident conditions.
The air ejector noble gas monitor (R-47) is used to detect primary-to-secondary leaks. The
alarm setpoints are set to correspond to primary-to-secondary leak rates in PPCS and ODCM
limits in the rate-meter. R-47 directly monitors the condenser off-gas making it more
sensitive than R-15 and R-48 which monitor the off-gas diluted by the gland air inleakage
flow. In the event of significant fuel clad failures coincident with steam generator tube
leakage, it is possible for R-47 to become over-ranged. In this case R-15 can be used for leak
rate trending. Note that the increased reactor coolant activity with fuel failures more than
offsets the reduction in sensitivity resulting from the combined air ejector and gland seal flow
at R-15.
R-47 and R-48 provide displays in the TSC and data is transferred to the plant process
computer system, which has high warning alarms. In addition, the plant process computer
system calculates the primary-to-secondary leak rate continously from the R-47 monitor and
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alarms at several levels as leakage increases to provide the operators with prompt warning of
changing conditions.
11.5.2.2.9

Containment Service Water Monitor

The containment service water (containment fan coolers) monitor (R-16) monitors the service
water from the containment and will see only background values, except for unusual accident
conditions. A service water leak in the containment during an accident plus containment
pressure greater than service water pressure is needed to contaminate the service water. The
release rate limit is calculated by methods described in the Offsite Dose Calculation Manual
(ODCM). The alarm setpoint is a fraction of the release limit value and prevents spurious
alarms while affording good sensitivity. The release limit values and alarm setpoints are
listed in plant procedures.
11.5.2.2.10

Component Cooling Water Monitor

The component cooling water monitor (R-17) is located in the Auxiliary Building in an area
of varying background. The release rate limit is calculated by methods described in the Offsite Dose Calculation Manual (ODCM). The alarm setpoint is a fraction of the release limit
value and is sufficient to detect leakage of primary coolant into the component cooling water.
A high radiation level alarm on R-17 will cause the vent valve on the component cooling
water surge tank to close. The release limit values and alarm setpoints are listed in plant
procedures.
11.5.2.2.11

Liquid Waste Disposal Monitor

The liquid waste disposal monitor (R-18) can become internally contaminated causing
increased background readings. The alarm setpoint is always added to the background
reading of the monitor obtained when it contains clean water. For a maximum permissible
concentration of 1 x 10-6 Ci/cm3in the discharge canal, a minimum dilution flow of 170,000
gpm, and a maximum waste discharge rate of 75 gpm, the concentration limit in the waste
tank is
2.2 x 10-3 Ci/cm3. The release rate limit is calculated by methods described in the Offsite
Dose Calculation Manual (ODCM). The alarm setpoint is a fraction of the release limit
value. When monitor R-18 alarms, the liquid waste discharge valve (AOV-18) to the
discharge canal closes. The release limit values and alarm setpoints are listed in plant
procedures.
11.5.2.2.12

Steam-Generator Blowdown Monitor

The steam-generator blowdown monitor (R-19) monitors for primary to secondary leakage.
The release rate limit is calculated by methods described in the Offsite Dose Calculation
Manual (ODCM). The alarm setpoint is a fraction of the release limit value and will provide
warning of significant steam-generator tube leakage and prevent blowdown activity of greater
than 1 x 10-4 Ci/cm3 from reaching the condenser. When R-19 reaches the high alarm
setpoint, the blowdown system is automatically isolated by the closing of blowdown
isolation valves AOV-5738 and AOV-5737, and the steam generator sampling lines are
automatically isolated by the closing of valves AOV-5735 and AOV-5736 in the sampling
lines. The release limit values and alarm setpoints are listed in plant procedures.
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11.5.2.2.13

Spent Fuel Pool (SFP) Heat Exchanger Service Water Monitors

The spent fuel pool (SFP) heat exchanger service water monitors (R-20A and R-20B) monitor
for leakage from the spent fuel pool (SFP) into the service water due to heat exchanger tube
leaks. R-20A monitors spent fuel pool (SFP) heat exchanger A. R-20B monitors spent fuel
pool (SFP) heat exchanger B. An activity of 2.4 x 10-4 Ci/cm3 in the service water due to
pool water leakage would be required to reach a mixture of 1 x 10-6 Ci/cm3 in the discharge
canal using a service water flow of 700 gpm and a dilution flow of 170,000 gpm. Since the
normal activity in the pool water is 1 x 10-3 Ci/cm3, a leak of 165 gpm would be required to
reach an activity of 2.4 x 10-4 Ci/cm3 in the service water discharge from the heat
exchanger. A leak of this size would quickly be known due to pool low-level alarms. The
release rate limits for monitors R-20A and R-20B are calculated by methods described in the
Offsite Dose Calculation Manual (ODCM). The alarm setpoints are a fraction of the release
limit values and will prevent spurious alarms and provide warning of maximum permissible
concentration releases. The release limit values and alarm setpoints are listed in plant
procedures.
11.5.2.2.14

Retention Tank Monitor

The retention tank monitor (R-21) monitors water from various floor and equipment drains in
the turbine, service, and control, intermediate, and condensate demineralizer (AVT)
buildings. For a mixture of maximum permissible concentration of 1 x 10-6 Ci/cm3 in the
discharge canal, a minimum dilution flow of 170,000 gpm, and a maximum waste discharge
rate of 500 gpm, the concentration limit in the retention tank is 3.4 x 10-4 Ci/cm3. The
release rate limit is calculated by methods described in the Offsite Dose Calculation Manual
(ODCM). The alarm setpoint is a fraction of the release limit value. Because the monitor can
become internally contaminated, the alarm setpoint is always added to the background
reading when the monitor contains clean water. When the monitor reaches its setpoint, it
causes the retention tank pump to trip and the discharge valve automatically closes, and the
recirculation valve automatically opens. The release limit values and alarm setpoints are
listed in plant procedures.
11.5.2.2.15

High Conductivity Waste Tank Monitor

The high conductivity waste tank monitor (R-22) monitors a side stream from the high
conductivity waste tank pump. For a mixture of maximum permissible concentration of 1 x
10-6
Ci/cm3 in the discharge canal, a minimum dilution flow of 170,000 gpm, and a maximum
waste discharge rate of 300 gpm, the concentration limit in the high conductivity waste tank is
5.7 x 10-4 Ci/cm3. The release rate limit is calculated by methods described in the Offsite
Dose Calculation Manual (ODCM). The alarm setpoint is a fraction of the release limit
value. When the alarm setpoint is reached, it automatically closes the high conductivity
waste tank discharge valve.
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11.5.2.2.16

Control Room Radiation Monitors

The control room radiation monitors (R-45 and R-46) consist of redundant detectors mounted
in the control room air intake duct. Digital ratemeters, PPCS and recorders provide indication
and alarms in the control room. The redundant isolation logic is incorporated into the
redundant toxic gas logic and will initiate a control room isolation if high radiation is
detected in the air intake duct. Alarm setpoint allowable values for R-45 and R-46 are
contained in the Technical Specifications.
11.5.2.3

Tritium Sampling

Tritium in the containment atmosphere is in the form of gaseous water, i.e., humidity. To
collect a sample and determine the concentration in Ci/cm3 of containment air, a
dehumidifier or air-water bubbler is used. The condensate from the process is purified by
distillation to remove any dissolved or suspended radioactive solids. An aliquot of the
resulting pure water is placed in a liquid scintillation counter. From the counts per minute,
counter efficiency, containment humidity, and volume of the sample, the tritium
concentration in the air can be calculated. The expected sensitivity of the counter is 10-4
Ci/cm3 for tritium in water. This sensitivity will allow readings within 1/10 of the
maximum permissible concentration for tritium in air.
11.5.3

DESIGN EVALUATION

The Offsite Dose Calculation Manual (ODCM) requires alarm and/or trip setpoints for
specified radiation monitors on each noble gas effluent line. Precautions, limitations, and
setpoints applicable to the operation of Ginna Station gaseous effluent monitors are provided
in plant procedures. Setpoints are conservatively established for each ventilation noble gas
monitor so that dose rates in unrestricted areas corresponding to 10 CFR 20 limits will not be
exceeded. Setpoints are determined so that dose rates from release of noble gases comply
with the Offsite Dose Calculation Manual (ODCM) requirements, which stipulate that the
instantaneous dose rate for noble gases shall be less than or equal to 500 mrem/yr to the total
body and less than or equal to 3000 mrem/yr to the skin. The methodology for calculating
alarm and trip action points for each radioactive gaseous effluent monitor is contained in the
latest revision of the Offsite Dose Calculation Manual.
11.5.4

ENVIRONMENTAL RADIOACTIVITY MONITORING PROGRAM

The onsite and offsite environmental sampling locations for airborne particulates, radioiodine,
and direct radiation are included in the Offsite Dose Calculation Manual. The requirements
of the radiological environmental monitoring program are included in the Offsite Dose
Calculation Manual (ODCM) as required by the Technical Specifications.
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Figure 11.5-1 Gaseous Radwaste Treatment Systems Effluent Paths and Controls
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Figure 11.5-2 Liquid Radwaste Treatment Systems Effluent Paths and Controls
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12.1

12.1.1

ENSURING THAT OCCUPATIONAL RADIATION
EXPOSURES ARE AS LOW AS IS REASONABLY
ACHIEVABLE
ALARA PROGRAM

The Radiation Protection program at Ginna Station shall ensure that internal and external
radiation exposures to station personnel, contractor personnel, and the general population
resulting from station operation, including anticipated operational occurrences, will be within
applicable limits and will be as low as is reasonably achievable (ALARA).
Rochester Gas and Electric Corporation (RG&E) has developed a Nuclear Directive entitled
ALARA, which establishes the Nuclear Operations Group policy with regard to maintaining
occupational radiation exposure ALARA and defines the authority and responsibilities of
corporate and plant personnel relevant to the Nuclear Directive.
The Nuclear Directive applies to all RG&E personnel, contractors, vendors, and station
visitors who are subject to occupational radiation exposure at the Ginna Station and to those
personnel whose assignments involve design, construction, or operational activities having a
significant impact on the current or future occupational radiation exposure of station
personnel.
12.1.2

ORGANIZATIONAL RESPONSIBILITIES

The President is responsible for assuring the occupational radiation exposure of all personnel
in the Nuclear Operations Group to be ALARA in accordance with the Nuclear Directive.
The Vice President, Nuclear Operations Group, is responsible for development,
implementation, and maintenance of the ALARA Program and is responsible to ensure the
ALARA commitments of the Nuclear Directive are properly implemented in the Nuclear
Operations Group.
12.1.3

RADIATION PROTECTION PROGRAM

The bases of the Ginna Station Radiation Protection Program are that doses to personnel will
be maintained within the limits of 10 CFR 20 and that the radiation protection designs and
program features are consistent with the guidelines of Regulatory Guide 8.8, Revision 3.
Shielding is provided to reduce levels of radiation. Ventilation is arranged to control the flow
of potentially contaminated air. Radiation monitoring systems are used to measure levels of
radiation in potentially occupied areas and to measure airborne radioactivity throughout the
plant. Use of respiratory protective equipment is used as stipulated in Regulatory Guide 8.15.
The Radiation Protection Program is provided for plant personnel and visitors during reactor
operation, maintenance, MODE 6 (Refueling), radwaste handling, and inservice inspection.
ALARA procedures are in place that govern all activities in restricted areas at Ginna Station.
The Radiation Protection Program is organized and maintained to meet the requirements of
10 CFR 20 with approved exceptions specified in the Technical Specifications. The program
is adhered to for all operations involving personnel radiation exposure.
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12.2

RADIATION SOURCES

The radiation source assumptions discussed below are those used for the post-accident
shielding design review(Reference 1) performed according to the Three Mile Island Lessons
Learned Short-Term Requirements (NUREG 0737, Item II.B.2).
The activity assumed for liquid source-term calculation is based on 100% of the noble gas
inventory, 50% of the halogen core inventory, and 1% of all other nuclides in the core
inventory. The activity assumed for gaseous source-term calculation is based on 100% of the
noble gas core inventory and 25% of the halogen core inventory.
Two liquid source terms were used in the evaluation. For systems which contain postaccident
recirculation fluid, the source term was based on diluting the liquid inventory discussed above
with 303,800 gal of fluid filling the containment sump from the refueling water storage tank
(RWST), both accumulators, and a boric acid storage tank. These systems include the
following:
A. Residual heat removal.
B. Containment spray recirculation.
C. High-pressure injection.
D. Nuclear sampling (residual heat removal process fluid).
For systems which can contain fluid from the reactor coolant system but do not take suction
on the containment sump, the source term was based on diluting the liquid inventory with the
46,600 gal in the reactor coolant system. This source was used for the nuclear sampling
system (reactor coolant fluid) and the portion of the chemical and volume control system
associated with reactor coolant degassing.
Gaseous source terms were determined for containment and for the waste gas system. The
containment airborne source term was based on diluting the gaseous inventory discussed
previously with the air contained in the containment free volume (970,000 ft3). The waste
gas system source term was determined for a reactor coolant degassing operation by
calculating the quantity of activity entering the volume control tank via the normal letdown
path and assuming that a quantity equal to the stripping fraction (based upon a stripping
efficiency of 1.0) enters the vapor space and is immediately purged to the vent header
system. The stripping fraction is defined as
SF = (CR - CL) / CR
where:

SF =

stripping fraction

CR =

concentration entering volume control tank in liquid

CL =

concentration leaving volume control tank in liquid

Table 12.2-1 provides the shielding source terms for liquid and gaseous radioactivity which
were calculated using the assumptions above.
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A Technical Specification change included the isolation of the lines from the boric acid
storage tank to the safety injection pumps. Consequently, the quantity of boric acid assumed
in the analysis from a boric acid storage tank would not enter the containment sump. Since
approximately 1% (3000 gal) of the total of 303,800 gal would not enter the sump in the
current plant configuration, the dose rates would be expected to increase approximately 1%
and be manifested by the containment sump concentration values in Table 12.2-1. This small
increase is not significant in terms of the shielding previously provided.
The impact of core power uprate on post accident radiation source terms was evaluated in
Reference 2.
The uprate source terms are based on an analyzed core power level of 1811 MWt, and use of
an 18-month fuel cycle. Consistent with original licensing basis, the activity assumed for the
liquid source-term calculation is based on 100% of the noble gas core inventory, 50% of the
halogen core inventory, and 1% of all the other nuclides in the core inventory, and the activity
assumed for the gaseous source-term calculation is based on 100% of the noble gas core
inventory and 25% of the halogen core inventory. The estimated isotopic activity of dose
significant isotopes following core power uprate in the liquid source and the gaseous source
are presented in Table 12.2-2.
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REFERENCES FOR SECTION 12.2
1.

Design Review of Plant Shielding and Environmental Qualification of Equipment for
Spaces/Systems Which May be Used in Post-Accident Operations Outside Containment
at R.E. Ginna Nuclear Power Plant, dated December 31, 1979.

2.

Letter from Constellation Energy to the NRC, subject: Licensing Amendment Request
Regrading Extended Uprate, dated July 7, 2005.
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Table 12.2-1
SHIELDING SOURCE TERMS (T=0) (HISTORICAL)
Isotope

Liquida Source
Activity
(Ci)

Gaseousb Source
Activity
(Ci)

Containment Sump
Concentration
(Ci/cm3)

Reactor Coolant
Concentration
(Ci/cm3)

Containment Airborne
Concentration
(Ci/cm3)

Waste Gas Concentration
(Ci/cm3)

84Br

3.9 x 106

2.0 x 107

3.5 x 103

2.2 x 104

7.2 x 10

3.4 x 103

87Kr

1.9 x 107

1.9 x 107

1.7 x 104

1.1 x 105

7.0 x 102

6.7 x 105

133Te

2.3 x 105

---

2.1 x 102

1.3 x 103

---

---

134Cs

8.9 x 104

---

8.0 x 10

5.0 x 102

---

--

136Cs

2.5 x 104

---

2.2 x 10

1.4 x 102

---

---

137Cs

3.7 x 104

---

3.3 x 10

2.1 x 102

---

---

139Ba

7.9 x 105

---

7.0 x 102

4.4 x 103

---

---

83Br

1.7 x 106

8.4 x 105

1.5 x 103

9.5 x 103

3.0 x 10

1.9 x 102

83mKr

3.3 x 106

3.3 x 106

3.0 x 103

1.9 x 104

1.2 x 102

1.1 x 105

85mKr

1.0 x 107

1.0 x 107

8.9 x 103

5.6 x 104

3.6 x 102

2.6 x 105

85Kr

3.9 x 105

3.9 x 105

3.5 x 102

2.2 x 103

1.4 x 10

5.9 x 103

2.9 x 107

2.9 x 107

2.6 x 104

1.6 x 105

1.0 x 103

8.5 x 105

2.8 x 105

---

2.5 x 102

1.6 x 103

---

---

89Sr

3.9 x 105
3.9 x 105

-----

3.2 x 102
3.5 x 102

2.0 x 103
2.2 x 103

-----

-----

90Sr

2.6 x 104

---

2.3 x 10

1.5 x 102

---

---

90Y

2.6 x 104

---

2.3 x 10

1.5 x 102

---

---

92Sr

4.8 x 105

---

4.3 x 102

2.7 x 103

---

---

88Kr
88Rb
89Rb
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Isotope

Liquida Source
Activity
(Ci)

Gaseousb Source
Activity
(Ci)

Containment Sump
Concentration
(Ci/cm3)

Reactor Coolant
Concentration
(Ci/cm3)

Containment Airborne
Concentration
(Ci/cm3)

Waste Gas Concentration
(Ci/cm3)

92Y

5.2 x 105

---

4.7 x 102

3.0 x 102

---

---

93Sr

5.8 x 105

---

5.2 x 102

3.3 x 103

---

---

99Mo

7.9 x 105

---

7.0 x 102

4.4 x 103

---

---

99mTc

6.8 x 105

---

6.1 x 102

3.9 x 103

---

---

103Ru

5.8 x 105

---

5.2 x 102

3.3 x 103

---

---

103mRh

5.8 x 105

---

5.2 x 102

3.2 x 103

---

--

106Ru

2.2 x 105

---

1.9 x 102

1.2 x 103

---

---

106Rh

2.2 x 105

---

1.9 x 102

1.2 x 103

---

---

132Te

5.8 x 105

---

5.2 x 102

3.3 x 103

---

---

132I

3.1 x 107

1.5 x 107

2.7 x 104

1.8 x 105

5.6 x 102

2.7 x 104

134Te

8.4 x 105

---

7.5 x 102

4.8 x 103

---

---

134I

4.7 x 107

2.3 x 107

4.2 x 104

2.6 x 105

8.5 x 102

4.0 x 104

138Xe

7.9 x 107

7.9 x 107

7.0 x 104

4.4 x 105

2.9 x 103

3.4 x 106

138Cs

7.9 x 105

---

7.0 x 102

4.4 x 103

---

---

140Ba

7.3 x 105

---

6.6 x 102

4.2 x 103

---

---

140La

7.9 x 105

---

7.0 x 102

4.4 x 103

---

---

143Ce

6.3 x 105

---

5.6 x 102

3.6 x 103

---

---

143Pr

6.3 x 105

---

5.6 x 102

3.6 x 103

---

---

144Ce

4.8 x 105

---

4.3 x 102

2.7 x 103

---

---

144Pr

6.3 x 105

---

5.6 x 102

3.6 x 103

---

---
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Isotope

Liquida Source
Activity
(Ci)

Gaseousb Source
Activity
(Ci)

Containment Sump
Concentration
(Ci/cm3)

Reactor Coolant
Concentration
(Ci/cm3)

Containment Airborne
Concentration
(Ci/cm3)

Waste Gas Concentration
(Ci/cm3)

91Sr

4.8 x 105

---

4.3 x 102

2.7 x 103

---

---

91mY

---

---

---

---

---

---

91Y

5.0 x 105

---

4.5 x 102

2.8 x 103

---

---

95Zr

6.8 x105

---

6.1 x 102

3.9 x 103

---

---

95mNb

---

---

---

---

---

---

95Nb

6.8 x 105

---

6.1 x 102

3.9 x103

---

---

97Zr

6.8 x 105

---

6.1 x 102

3.9 x 103

---

---

97mNb

---

---

---

---

---

---

97Nb

6.8 x 105

---

6.1 x 102

3.9 x 103

---

---

105Ru

4.5 x 105

---

4.0 x 102

2.6 x 103

---

---

105mRh

4.5 x 105

---

4.0 x 102

2.6 x 103

---

---

105Rh

2.9 x105

---

2.8 x 102

1.6 x 103

---

---

131Te

3.8 x 105

---

3.4 x 102

2.1 x 103

---

--

131I

2.2 x 107

1.1 x 107

1.9 x 104

1.2 x 105

3.9 x 102

1.9 x 104

131mXe

3.4 x 105

3.3 x 105

3.0 x 102

1.9 x 103

1.2 x 10

5.8 x 103

133I

4.1 x 107

2.0 x 107

3.7 x 104

2.3 x 105

7.4 x 102

3.5 x 104

133mXe

2.0 x 106

2.0 x 106

1.8 x 103

1.1 x 104

7.2 x 10

3.7 x 104

7.9 x 107

7.9 x 107

7.0 x 104

4.4 x 105

2.9 x 103

1.4 x 106

3.6 x 107

1.8 x 107

3.2 x 104

2.0 x 105

6.6 x 102

3.1 x 104

2.2 x 107

2.2 x 107

2.0 x 104

1.2 x 105

8.0 x 102

9.1x 105

133Xe
135I
135mXe
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Isotope

Liquida Source
Activity
(Ci)

Gaseousb Source
Activity
(Ci)

Containment Sump
Concentration
(Ci/cm3)

Reactor Coolant
Concentration
(Ci/cm3)

Containment Airborne
Concentration
(Ci/cm3)

Waste Gas Concentration
(Ci/cm3)

135Xe

1.5 x 107

1.5 x 107

1.4 x 104

8.6 x 104

5.5 x 102

2.6 x 104

141Ba

6.8 x 105

---

6.1 x 102

3.9 x 103

---

---

141La

6.8 x 105

---

6.1 x 102

3.9 x 103

---

---

141Ce

7.3 x 105

--

6.6 x 102

4.2 x 103

---

---

Note: The information presented in the above Table represents the Source Terms used in the original post-accident shielding assessment documented in Reference 1 and is
retained herein for historical purposes only.
a.

Based on 100% noble gas core inventory, 50% halogen core inventory, and 1% of all other core inventory.

b.

Based on 100% noble gas core inventory, and 25% halogen core inventory.
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Table 12.2-2
SHIELDING SOURCE ACTIVITY at T=0 hrs - Power Level 1811 MWt
Isotopea

Liquidb Source Activity (CI)

Gaseousc Source Activity
(CI)

KR-83M

6.46E+06

6.46E+06

KR-85

5.85E+05

5.85E+05

KR-85M

1.36E+07

1.36E+07

KR-87

2.62E+07

2.62E+07

KR-88

3.68E+07

3.68E+07

KR-89

4.50E+07

4.50E+07

KR-90

4.45E+07

4.45E+07

XE-131M

5.59E+05

5.59E+05

XE-133

1.01E+08

1.01E+08

XE-133M

3.17E+06

3.17E+06

XE-135

2.56E+07

2.56E+07

XE-135M

2.04E+07

2.04E+07

XE-137

9.08E+07

9.08E+07

XE-138

8.61E+07

8.61E+07

BR-82

1.69E+05

8.45E+04

BR-83

3.21E+06

1.61E+06

BR-85

6.70E+06

>3.35E+06

I-129

9.15E-01

4.58E-01

I-130

1.05E+06

5.25E+05

I-131

2.54E+07

1.27E+07

I-132

3.76E+07

1.88E+07

I-133

5.15E+07

2.58E+07

I-134

5.70E+07

2.85E+07

I-135

4.86E+07

2.43E+07

I-136

2.31E+07

1.15E+07

RB-86

1.30E+03

--
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Isotopea

Liquidb Source Activity (CI)

Gaseousc Source Activity
(CI)

RB-88

3.74E+05

--

RB-89

4.80E+05

--

RB-90

4.66E+05

--

RB-90M

1.09E+05

--

CS-132

1.42E+02

--

CS-134

1.10E+05

--

CS-134M

3.08E+04

--

CS-135M

1.98E+04

--

CS-136

3.24E+04

--

CS-137

6.30E+04

--

CS-138

9.54E+05

>--

CS-139

9.03E+05

--

CS-140

8.13E+05

--

GA-72

3.53E+01

--

AS-76

2.22E+01

--

GE-77

5.16E+02

--

SE-83

2.50E+04

--

AG-110M

2.20E+03

--

AG-110

8.48E+04

--

AG-111

3.44E+04

--

AG-112

1.84E+04

--

CD-115M

9.00E+02

--

IN-115M

9.77E+03

--

CD-115

9.73E+03

--

SN-121

8.53E+03

--

SB-122

1.34E+03

--

SB-123

1.85E+03

--

SB-124

8.11E+02

--

SB-125

7.62E+03

--
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Isotopea

Liquidb Source Activity (CI)

Gaseousc Source Activity
(CI)

SN-125

6.86E+03

--

TE-127M

7.02E+03

--

SB-127

5.45E+04

--

SN-127

3.49E+04

--

TE-127

5.40E+04

--

TE-129M

2.38E+04

--

SB-129

1.63E+05

--

TE-129

1.62E+05

--

SB-130M

2.39E+05

--

SB-130

5.30E+04

--

TE-131M

7.32E+04

--

SB-131

4.26E+05

--

TE-131

4.52E+05

--

SB-132M

1.67E+05

--

SB-132

2.54E+05

--

TE-132

7.22E+05

--

TE-133M

3.82E+05

--

SB-133

2.98E+05

--

TE-133<

6.10E+05

--

TE-134

8.65E+05

--

SR-89

4.95E+05

--

SR-90

4.63E+04

--

SR-91

6.20E+05

--

SR-92

6.70E+05

--

SR-93

7.57E+05

--

SR-93

7.14E+05

--

BA-137M

5.97E+04

--

BA-139

9.31E+05

--

BA-140

8.94E+05

--

BA-142

8.03E+05

--
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Isotopea

Liquidb Source Activity (CI)

Gaseousc Source Activity
(CI)

MO-99

9.67E+05

--

TC-99M

8.49E+05

--

MO-101

8.67E+05

--

TC-101

8.68E+05

--

RH-103M

6.95E+05

--

TC-104

6.43E+05

--

RH-105

4.68E+05

--

RH-105M

1.46E+05

--

TC-105

5.17E+05

--

RH-106

2.92E+05

--

RU-103

7.71E+05

--

RU-106

2.61E+05>

--

PD-109

1.64E+05

--

CE-141

8.48E+05

--

CE-143

7.89E+05

--

CE-144

6.46E+05

--

NP-239

1.05E+07

--

PU-238

2.23E+03

--

PU-239

1.85E+02

--

PU-240

2.79E+02

--

PU-241

6.15E+04

--

PU-242

8.40E-01

--

Y-90

4.84E+04

--

Y-91M

3.66E+05

--

Y-91

6.38E+05

--

Y-92

6.73E+05

--

Y-93

7.73E+05>

--

Y-94

7.80E+05

--

NB-95M

6.07E+03

--

NB-95

8.66E+05

--
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Isotopea

Liquidb Source Activity (CI)

Gaseousc Source Activity
(CI)

Y-95

8.38E+05

--

ZR-95

8.60E+05

--

NB-97M

8.15E+05

--

NB-97

8.68E+05

--

ZR-97

8.59E+05

--

LA-140

9.26E+05

--

LA-141

8.35E+05

--

LA-142

8.22E+05

--

PR-142

4.76E+04

--

LA-143

7.86E+05

--

PR-143

7.74E+05>

--

PR-144

6.52E+05

--

ND-147

3.39E+05

--

PM-147

6.62E+04

--

PM-148M

1.59E+04

--

PM-148

1.45E+05

--

PM-149

3.19E+05

--

PM-151

1.00E+05

--

SM-153

2.58E+05

--

EU-154

6.14E+03

--

EU-155

4.14E+03

--

EU-156

1.03E+05

--

EU-157

1.34E+04

--

EU-158

4.49E+03

--

EU-159

2.38E+03

GD-159

3.25E+03

--

TB-160

5.61E+02

--

HO-166

7.80E+01

--

AM-241

7.55E+01

--

CM-242

1.75E+04

--
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Isotopea

Liquidb Source Activity (CI)

Gaseousc Source Activity
(CI)

M-244

2.06E+03

--

a.

Based on 100% noble gas core inventory, 50% halogen core inventory, and 1% of all other core
inventory

b.

Based on 100% noble gas core inventory, 25% halogen core inventory

c.

Dose significant isotopes
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12.3
12.3.1
12.3.1.1

RADIATION PROTECTION DESIGN FEATURES
DESIGN CRITERIA
Conformance to 1967 Design Criteria

The following design criteria were used during the licensing of Ginna Station. They represent
the Atomic Industrial Forum version of proposed criteria issued by the AEC for comment on
July 10, 1967, and discussed in Section 3.1.1.
CRITERION: Monitoring and alarm instrumentation shall be provided for fuel and waste
storage and associated handling areas for conditions that might result in loss of
capability to remove decay heat and to detect excessive radiation levels (AIFGDC 18).
Monitoring and alarm instrumentation is provided for fuel and waste storage and handling
areas to detect inadequate cooling and to detect excessive radiation levels. Radiation
monitors are provided to maintain surveillance over the release operation.
The spent fuel pool (SFP) cooling system flow is monitored to ensure proper operation as
described in Section 9.1.3.
A controlled ventilation system removes gaseous radioactivity from the atmosphere and fuel
storage and waste treatment areas of the auxiliary building and discharges it to the atmosphere
via the plant vent. Radiation monitors are in continuous service in these areas to actuate high
activity alarms on the control board annunciator, as described in Sections 11.5 and 12.3.
CRITERION: Adequate shielding for radiation protection shall be provided in the design of
spent fuel and waste storage facilities (AIF-GDC 68).
Auxiliary shielding for the waste disposal system and its storage components is designed to
limit the dose rates as required by personnel access, testing, operation, and maintenance
requirements.
Gamma radiation is continuously monitored in the auxiliary building. A high-level signal is
alarmed locally and annunciated in the control room.
12.3.1.2

Conformance to 1972 Design Criteria

Conformance to the requirements of 1972 General Design Criteria 19, 61, and 63 of 10 CFR
50, Appendix A, is discussed in Section 3.1.2. With respect to these general design criteria:
A. Sufficient shielding, distance, and containment integrity are provided to ensure that control
room personnel shall not be subject to doses under postulated accident conditions during
the occupancy of the control room which, in the aggregate, would exceed the limits of
GDC-19.
B. All areas of the plant are designed with suitable shielding for radiation protection based on
anticipated radiation rates and occupancy, and individual components which contain
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significant radioactivity are located in confined areas which are adequately ventilated
through appropriate filtering systems.
C. Radiation monitors and alarms are provided as required to warn personnel of impending
excessive levels of radiation or airborne activity.
Conformance to Safety/Regulatory Guides in effect as of August 1972 is discussed in Section
1.8.
12.3.2
12.3.2.1

SHIELDING
Design Basis

Radiation shielding is designed for operation at maximum calculated thermal power and to
limit the MODES 1 and 2 radiation levels at the site boundary to below those levels allowed
for continuous nonoccupational exposure.
The original design basis for normal operation plant shielding is safe operation at a core
power level of 1520 MWt, a one year fuel cycle length, and conservative reactor coolant
source terms assuming 1% fuel defects. The design basis target dose rates in plant areas and
the associated shielding design, presented in Section 12.3.2.2 below, are based on the above
design basis.
Power uprate represents a change from the original design basis. The assessment of impact of
power uprate on adequacy of existing plant shielding was evaluated based on scaling
techniques that took into consideration the radiation source terms used in the original plant
shielding design as discussed in UFSAR Section 12.3.2.1.1 through 12.3.2.2.5 below, and the
uprate source terms, specifically, the design basis fission and corrosion product activity
concentrations in the reactor coolant at the analyzed core power level of 1811 MWt and with
an 18-month fuel cycle length (Reference 4).
Inside containment, continued adequacy of the primary shield following uprate was
determined based on usage of a low leakage fuel management scheme, and review of fluence
calculations that confirmed that the original design calculations remain bounding for uprate
conditions. Due to the conservative analytical techniques used to establish original plant
shielding design, and a comparison of the design basis target dose rates to pre-uprate survey
data, the existing reactor secondary shield and the fuel handling shields were also determined
adequate to address the approximately 19% increase in radiation source terms expected due to
the uprate.
Shielding adequacy outside containment (where the radiation sources are either the reactor
coolant itself, or down-stream sources originating from coolant activity), was determined by
an evaluation that compared the uprate design primary coolant source terms (fission and
activation products) to the original design basis primary coolant source terms. Three sources
were considered: total primary coolant, degassed primary coolant and the primary coolant
noble gas source. Due to the change in isotropic compositions and gamma energy spectrum
between the original and the uprate reactor coolant fluid, the comparison was based on the
dose rate resulting from the above sources shielded by 0, 1, 2, and 3 ft of concrete for
representative source geometry.
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The comparison showed that the ratio of the calculated dose rates resulting from the uprate
source to the original design basis source, for the various design basis source term/shielding
configurations discussed above, range from 1.0 to 2.4. However, since the design basis uprate
primary coolant activity is a very conservative source term (i.e., based on 1% failed fuel, a
2% margin for power uncertainty and an additional 4% margin for fuel management
schemes), credit was taken for a more realistic but limiting upper bound primary coolant
activity based on the plant Technical Specifications.
The uprate assessment conclude that the Plant Technical Specifications will limit the uprate
reactor coolant, degassed reactor coolant and reactor coolant gas activity and the associated
dose rates assuming various shielding configurations, to less than or equal to the original
design basis values.
Thus, taking into consideration the conservative analytical techniques used to establish the
original shielding design, and the Plant Technical Specifications which typically restrict the
reactor coolant activity to levels significantly less than 1% fuel defects, the increase in the
core power level and fuel cycle length is expected to have no significant impact on plant
shielding adequacy and safe plant operation.
It is noted that operating personnel at the station are protected by adequate shielding,
monitoring, and operating procedures. Individual worker exposure is maintained within
acceptable limits by the site ALARA Program, which controls access to radiation areas.
Procedural controls compensate, as necessary, for increased radiation levels to ensure that
operator exposure remains ALARA, and that the normal operation radiation zones are labeled
and controlled for access in accordance with the requirements of 10CFR20 related to
allowable operator exposure and access control.
All plant areas capable of personnel occupancy are considered as one of the five zones of
radiation level listed in Table 12.3-1.
Typical Zone 0 areas are the turbine building and turbine plant service areas. Typical Zone I
areas are the offices and control room. Zone II areas include the local control spaces in the
auxiliary building and the operating deck of the containment during reactor shutdown. Areas
designated Zone III include grade level areas adjacent to the containment structures, fuel
handling areas, and intermittently occupied work areas. Typical Zone IV areas are the region
adjacent to the reactor coolant system after reactor shutdown, waste drumming areas, and
volume control tank spaces.
All radiation and high-radiation areas are appropriately marked and isolated in accordance
with 10 CFR 20 and other applicable regulations.
The shielding is divided into five categories according to function. These categories include
the primary shielding, the secondary shielding, the containment structure, the fuel transfer
(water and pool) shielding, and the auxiliary shielding.
In addition, plant shielding ensures that in the event of postulated accidents, the integrated
offsite exposure due to the contained activity does not exceed established criteria. See
UFSAR Section 12.3.2.2.6 for additional detail.
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12.3.2.2
12.3.2.2.1

Shielding Design
Primary Shield

The primary shield consists of the core baffle, water annuli, barrel-thermal shield (all of
which are within the reactor vessel), the reactor vessel wall, and a concrete structure
surrounding the reactor vessel.
The primary shield is designed to
A. Reduce the neutron fluxes incident on the reactor vessel to limit the radiation induced
increase in transition temperature.
B. Attenuate the neutron flux sufficiently to prevent excessive activation of plant components.
C. Limit gamma radiation from the reactor vessel to avoid excessive temperature gradients or
dehydration of the concrete structure surrounding the reactor vessel.
D. Reduce the residual radiation from the core, reactor internals, and reactor vessel to levels
that will permit access to the region between the primary and secondary shields after plant
shutdown.
E. Reduce radiation leakage to obtain optimum division of the shielding between the primary
and secondary shields.
The primary shield immediately surrounding the reactor vessel consists of an annular
reinforced-concrete structure extending from the base of the containment to an elevation of
252.5 ft. The lower portion of the shield is a minimum thickness of 6.5 ft of regular concrete
(density = 2.3 g/cm3) and is an integral part of the main structural concrete support for the
reactor vessel. It extends upward to join the concrete cavity over the reactor. The reactor
cavity, which is approximately rectangular in shape, extends upward to the operating floor
with vertical walls 4-ft thick, except in the area adjacent to fuel handling, where the thickness
is increased to 6 ft. A steel plate is provided at each point where the four reactor coolant
pipes penetrate the primary shield.
The primary concrete shield is air cooled to prevent overheating and dehydration from the
heat generated by radiation adsorption in the concrete. Eight "windows" have been provided
in the primary shield for insertion of the out-of-core nuclear instrumentation. Cooling for the
primary shield concrete and the nuclear instrumentation is provided by the reactor
compartment coolers.
The primary shield neutron fluxes and design parameters are listed in Table 12.3-2.
12.3.2.2.2

Secondary Shield

The secondary shield surrounds the reactor coolant loops and the primary shield. It consists
of interior walls surrounding the reactor coolant loop in the containment structure and the
operating floor.
The main function of the secondary shielding is to attenuate the radiation originating in the
reactor and the reactor coolant. The major source in the reactor coolant is the Nitrogen-16
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activity, which is produced by neutron activation of oxygen during passage of the coolant
through the core. The secondary shielding will help to limit the full-power dose rate outside
the containment due to activity within the containment to less than 1 mrem/hr.
The secondary shield design parameters are listed in Table 12.3-3.
12.3.2.2.3

Containment Structure

The containment structure consists of a 3 ft 6 in. thick reinforced-concrete cylinder capped by
a 2 ft 6 in. thick hemispherical reinforced-concrete dome. These thicknesses are nominal
values. The true relevant engineering values are dependent on the specific location in the
structure and the loading condition that is present. It also includes supplemental shields in front
of the containment penetrations and 20-in. walls and roof of the control room.
The main purpose of the containment structure is to ensure safe radiation levels outside the
containment following a design-basis accident.
The equipment access hatch is shielded by a 3-ft thick concrete shadow shield and a 1-ft thick
concrete roof to reduce scattered dose levels in the event of a loss-of-coolant accident.
The containment structure design parameters are listed in Table 12.3-4.
12.3.2.2.4

Fuel Handling (Water and Pool) Shield

During fuel handling, shielding is provided to facilitate the removal and transfer of spent fuel
assemblies and control rods from the reactor vessel to the spent fuel pool (SFP). It is
designed to attenuate radiation from spent fuel, control rods, and reactor vessel internals to
less than 2.5 mrem/hr at the refueling cavity water surface and less than 1.0 mrem/hr in the
auxiliary building general areas.
The refueling cavity, flooded to an elevation of 277.0 ft during MODE 6 (Refueling)
operations, provides a water shield above the components being withdrawn from the reactor
vessel. The water height during MODE 6 (Refueling) is at least 23 ft above the reactor vessel
flange. This height ensures that a minimum of 10 ft 2 in. of water will be above the active
fuel of a withdrawn fuel assembly.
The refueling canal is a passageway connected to the reactor cavity and extending to the
inside surface of the containment. The canal is formed by two concrete walls each 6-ft thick,
which extend upward to the same height as the reactor cavity. During MODE 6 (Refueling)
the canal is flooded with borated water to the same height as the reactor cavity.
The spent fuel assemblies and control rod clusters are remotely removed from the
containment through the horizontal spent fuel transfer tube and placed in the spent fuel pool
(SFP). Concrete, 6-ft thick, shields the spent fuel transfer tube. Additional lead and steel
shielding has been added to the joint where the 6-ft thick walls met the containment wall in
the auxiliary and intermediate buildings. The additional shielding is designed to attenuate
radiation to less than 100 mrem/hr adjacent to the joint. This shielding is designed to protect
personnel from radiation during the time a spent fuel assembly is passing through the main
concrete support of the containment and the transfer tube.
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Radial shielding during fuel transfer is provided by the water and concrete walls of the fuel
transfer tube. An equivalent of 6 ft of regular concrete is provided to ensure a maximum dose
value of 1.0 mrem/hr in the auxiliary building areas adjacent to the spent fuel pool (SFP).
Spent fuel is stored in the spent fuel pool (SFP) which is located adjacent to the containment.
Shielding for the spent fuel storage pool is provided by 6-ft thick concrete walls and a
minimum water level of 12 ft 6 in. above the spent fuel assemblies when withdrawn for
movement.
The fuel handling shield design parameters are listed in Table 12.3-5.
12.3.2.2.5

Auxiliary Shielding

The auxiliary shielding consists of concrete walls around certain components and piping
which process reactor coolant. In some cases, the concrete block walls are removable to
allow personnel access to equipment during maintenance periods. The function of the
auxiliary shielding is to protect personnel working near various system components in the
chemical and volume control system, the residual heat removal system, the waste disposal
system, and the sampling system. Access to the auxiliary building is allowed during reactor
operation. Each equipment compartment is individually shielded so that compartments may
be entered without having to shut down.
The shield material provided throughout the auxiliary building is regular concrete (density =
2.3 g/cm3). The principal auxiliary shielding provided is tabulated in Table 12.3-6.
12.3.2.2.6

Shielding Design Modifications

Rochester Gas and Electric conducted a plant radiation and shielding design review of vital
areas and equipment in order to ensure adequate personnel access to vital areas and protection
of safety equipment for post design-basis accident operations. This was done in response to
NUREG 0737, Item II.B.2. As a result of the review, the following shielding modifications
were made.
A. Increase of height of shield wall across from the nuclear sample room.
B. Installation of a lead door on the penetration area shield.
C. Relocation of the vent header line in the auxiliary building intermediate level and shielding
of a portion of the vent header.
D. Installation of lead shielding on the east wall of the count room.
The shielding design review and the corrective actions taken for postaccident vital area
access, which was based on the original licensed power level and a 12-month fuel cycle
length, were reviewed by the NRC and the staff concluded that the requirements of NUREG
0737, Item II.B.2.2 had been met (Reference 1). The impact of core power uprate to 1775
MWt and operation with an 18 month fuel cycle has been evaluated and it is determined that
the post accident operator exposure will remain within the regulatory limits set by NUREG
0737, Item II.B.2 (Reference 4).
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In 1978, NRC IE Bulletin 78-08 (Reference 2) had requested that actions be taken to identify
potential high radiation areas associated with fuel element transfer tubes. Surveys taken at
that time did not identify any areas of concern. However, in 1999, radiation streaming was
discovered adjacent to the fuel transfer tube, which could create a high radiation area during
the movement of irradiated spent fuel. Rochester Gas and Electric provided a revised
response to Bulletin 78-08 (Reference 3). Additional shielding was installed to attenuate this
radiation streaming. As stated in Section 12.3.2.2.4, the shielding will attenuate the radiation
to less than 1.0 mrem/hr in general areas, and to less than 100 mrem/hr adjacent to the joint
during the time a spent fuel assembly is passing through the main concrete support of the
containment and the transfer tube.
12.3.2.2.7

Containment Accessibility Procedure

The containment is completely closed whenever the core is critical or whenever the primary
system is above MODE 5 (Cold Shutdown) with nuclear fuel in place. Limited access to the
containment through personnel air locks is possible with the reactor above MODE 5 (Cold
Shutdown). This type of access is restricted to the areas external to the reactor equipment
compartment, primarily for inspection, testing and maintenance.
Prior to personnel entry into the containment, the containment atmosphere is sampled and
purged, if necessary, using the containment mini-purge system to reduce the concentration of
radioactive gases and airborne particulates (see Sections 6.2.4.4.9 and 9.4.1.2.9). This and
the containment auxiliary filtering system (see Section 9.4.1.2.6) are used to reduce activity
levels inside the containment. The containment mini-purge system is designed to achieve a
99% reduction (0.01 dilution factor) of contaminants in the containment atmosphere in 38
hour for 2000 cfm operation, in 51 hour for 1500 cfm, and in 76 hour for 1000 cfm. After
containment entry has been achieved, with the unit in cold or MODE 6 (Refueling) shutdown,
the blind flanges for the containment shutdown purge system may be removed and that
system may be utilized for purging (see Section 9.4.1.2.8).
The primary reactor shield is designed so that access to the primary equipment compartment
is limited by the activity of the primary system equipment and not the reactor. Opening of the
containment equipment hatch or both doors simultaneously in the personnel locks can occur
during MODE 5 (Cold Shutdown) or MODE 6 (Refueling) conditions including during core
alterations and during movement of irradiated fuel assemblies within containment in
accordance with the requirements of Technical Specification 3.9.3 (Containment
Penetration).
MODE 6 (Refueling) is carried out with borated water in the refueling cavity so that the core
is always in a substantially subcritical condition. Operations which may change core
reactivity, such as replacement of fuel or control rods, are performed only when the
containment penetrations are configured as described in the Technical Specifications. The
fuel transfer penetration tube is under a 40-ft water seal at this time.
12.3.3

VENTILATION

The ventilation systems in Ginna Station are discussed in Section 9.4. The radiation
protection aspects during normal full-power operation are associated with the following
systems:
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A. Gas collection and decay tank system.
B. Plant ventilation system.
C. Containment ventilation system.
D. Air ejector and gland seal exhaust system.
A block diagram of the major systems is shown in the Technical Specifications.
12.3.3.1

Gas Collection and Decay Tank System

All tanks that receive primary coolant are provided with a nitrogen cover gas. These tanks
include the three chemical and volume control system holdup tanks, the volume control tank,
the pressurizer relief tank, and the reactor coolant drain tank. Most of the gas is contained in
the chemical and volume control tanks. The cover gas must be maintained oxygen-free to
prevent explosive mixtures with hydrogen released from the primary coolant. When primary
coolant is letdown to the chemical and volume control tanks, the cover gas is displaced into
the vent header and compressed into one of four 470-ft3 gas decay tanks. Gas in the tanks can
be compressed to 100 psig.
When the liquid in the chemical and volume control tank is processed, the gas is returned
from the decay tank or from a nitrogen supply backup if decay tank gas is not available. In
practice, most of the stored gas is reused. When sufficient excess gas has accumulated, the
decay tank is isolated and held for further decay. It is then sampled for iodine and radiogas
and released through a charcoal filter to the auxiliary building vent system (plant vent). The
normal line-up of the decay tanks is one on service/reuse, one on standby, one held for decay,
and one in reserve. If the activity level in the plant vent is excessive (as determined by the
plant vent monitor), the release is automatically terminated.
12.3.3.2

Plant Ventilation System

The plant ventilation system supplies outside air to the intermediate building hot side and
auxiliary building and exhausts the air to the plant vent stack. All air exhausted from the
auxiliary building is processed by high efficiency particulate air and charcoal filters prior to
release to the plant vent. The normal exhaust flow rate in the plant vent is about 75,000 cfm.
The flow rate is used in calculating offsite dose and is checked regularly to verify that offsite
dose calculations use a valid flow rate.
The plant vent is continuously sampled for air particulate, radiogas, and Iodine-131 by online monitors. There is also a grab sample iodine monitor, which contains a particulate filter
and a charcoal filter (fixed filters). Release determinations are made from laboratory analysis
of the filters from the grab sample iodine monitor. The lab measurements serve as a
calibration check for the on-line readings of the particulate monitor (moving filter) and iodine
monitor. Releases are determined directly for radiogas from the radiogas monitor. Gas
monitor calibration is checked by laboratory analysis of a weekly grab sample. Lab analysis
and the radiation monitoring system are used, as appropriate, for release measurements for
all releases. Several continuous air monitors are provided for the auxiliary building. One
monitor is located on each of the three levels and has channels that continuously monitor for
iodine, particulate, or radiogas activity or a combination of these activities.
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12.3.3.3

Containment Ventilation System

The containment building atmosphere is continuously cooled and cleaned by a recirculating
air system located inside the building (containment air cooling system). The system consists
of four separate air handling units. Each unit has separate inlet dampers and is equipped with
a water cooled heat exchanger, a demister, a bank of high efficiency particulate air filters, and
a fan. The cleaned and cooled air is recycled within containment via a common exhaust
plenum and distribution system.
An auxiliary filtering system is also provided in the containment building. It consists of two
charcoal filter units with a combined air handling capacity of 10,200 cfm. The containment
building atmosphere may be recirculated through these units to reduce iodine concentrations
if entry to the containment or purging is planned.
When purging of the containment is required, the containment mini-purge system is utilized
(see Section 9.4.1.2.9).
The containment atmosphere is continuously sampled for air particulate, radiogas, and
Iodine-131 by on-line monitors. There is also a grab sample iodine monitor, which contains a
particulate filter and a charcoal filter (fixed filters). The filters from the grab sample iodine
monitor are removed once a week and are analyzed in the laboratory to determine and verify
concentrations in the containment atmosphere. Before any containment entry is made, the
containment auxiliary charcoal filter system is placed in operation, and grab samples of the
containment atmosphere are used, in conjunction with the radiation monitoring system, to
determine the iodine, gaseous, and particulate activity levels. Results are used to determine
stay time or to determine if operation of the containment mini-purge system is necessary.
12.3.3.4

Air Ejector and Gland Seal Exhaust System

The air ejector and gland seal exhausts are combined and discharged through a vent on top of
the turbine building. A gross radioactivity monitor is provided external to the vent pipe (a
sodium iodide scintillation detector in a snowplow-type lead shield). See Section 11.5.2.2.8
for additional information.
12.3.4
12.3.4.1

AREA RADIATION AND AIRBORNE RADIOACTIVITY MONITORING
INSTRUMENTATION
Introduction

The function of the radiation monitoring system is to detect any plant problem which may
lead to a radiation hazard and/or release of radioactivity to the environment. The system also
warns the operators of this hazard so that appropriate actions may be taken. To accomplish
this function, the system utilizes both area and process radiation monitors. The process
radiation monitors are discussed in Section 11.5.
The area radiation monitors are used to indicate general radiation levels in a specified area of
the plant over a range of 10-5 or 10-4 to 104 R/hr except the containment high-range radiation
monitors (R-29 and R-30), which have a range of 1 to 107 R/hr. These ranges meet the
instrument range recommendations of Regulatory Guide 1.97. The monitors are set to alarm

Page 24 of 56

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 12 RADIATION PROTECTION

(visually and audibly) at the location and in the control room when a significant increase in
radiation level occurs. This system is also designed to alarm in the control room if a meter or
detector should fail. Various monitors also perform control functions, primarily isolating a
flowpath in order to limit the spread of contamination.
In addition, and in accordance with the requirements of NUREG 0737, Item III.D.3.3, mobile
air monitors having a single channel analyzer, calibrated to the Iodine-131 energy, are located
in various areas throughout the plant to detect the presence of iodine. Portable air samplers
with charcoal and silver zeolite cartridges are available in various locations throughout the
plant.
12.3.4.2

Description

The area radiation monitor alarm setpoints are calculated by methods described in the Offsite
Dose Calculation Manual (ODCM). The alarm setpoints are listed in plant procedures.
Area monitors R-1 and R-3 are in low background radiation areas of less than 1 mrem/hr.
Alarm setpoints will give personnel sufficient warning of changing radiation levels while
preventing spurious alarms.
Area monitor R-7 alarm setpoint for the in-core detector area is set low enough so as to alarm
when flux mapping is in progress but high enough to be off as the in-core detectors are
decaying. This is because if one area radiation monitor channel is alarming, the audible
alarm on the control board will not sound if another channel goes on alarm.
All of the other channel alarms are set sufficiently above the normal operating radiation levels
so as to prevent spurious alarms while at the same time set to provide alarms for any significant
increases of radiation levels that might occur.
The letdown monitor alarm channel, R-9, is located on the letdown line in the sodium
hydroxide tank room. Its function is to detect a change in the radioactivity of the primary
coolant and alert the control room. The alarm setpoint is set at a pre-determined value above
the normal background for an early indication of an increase in failed fuel.
R-23 through R-28 are area monitors for the all-volatile-treatment mixed bed demineralizers,
regeneration tank, and waste tank. Alarm setpoints will warn personnel if these tanks become
radiation areas due to primary to secondary leakage.
Monitors R-29 and R-30 are the containment high range radiation monitors (1 to 107 R/hr).
The alert alarm is set at 10 R/hr corresponding to the top scale of the low-level area monitors
in the containment (R-2 and R-7). A high alarm of 100 R/hr gives notice of a significant
release of fission gases to the containment. These monitors have been installed in accordance
with the requirements of NUREG 0737, Item II.F.1.2.C.
Area radiation monitors R-31 and R-32 are the A and B steam line radiation monitors. Output
from the associated detectors is displayed on control room indicators and the plant process
computer system (PPCS). Alarm setpoints are set within the working range of the readout
device just above the ambient radiation level to maximize sensitivity and avoid spurious
alarms.
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12.3.4.3

Radiation Monitoring System Detectors

All of the monitors in the radiation monitoring system use one of three types of detectors: ion
chamber, scintillation detectors, or Geiger-Mueller tubes.
Ion Chamber:
Incident radiation produces primary ions within the gas volume of the ion chamber detector.
Beta particles produce radiation by direct means such as Coulombic interactions. Gamma
radiation produces ions by the photoelectric effect, Compton scattering, and pair production.
It is these charged particles that produce the primary ions in the gas. The primary ions are
collected on the detector electrodes to produce a signal. The output signal of an ion chamber
detector is a function of the amount of primary ionization produced by the incident radiation.
The amount of primary ionization is a function of the energy of the incident radiation.
Gamma radiation of high or low intensity is capable of penetrating the ion chamber walls and
being detected. For the detection of beta particles, the ion chamber must be equipped with a
thin wall or beta window to allow the beta particles to penetrate into the gas-filled region.
Scintillation detector:
A scintillation detector is a device which converts energy in the form of radiation to energy in
the form of electricity. The first step in scintillation detector operation is the absorption of an
incident particle of radiation by the scintillation crystal. The crystal that is used for beta
particle detection is generally a plastic scintillator. The conversion of energy dissipated in the
crystal causes the emission of light photons. A photomultiplier tube is used which provides a
usable signal that is representative of the original signal.
Geiger-Mueller tube:
The Geiger-Mueller tube operates in the Geiger-Mueller region of a typical gas filled detector
characteristic curve. It is a gas filled detector and because of the high voltage applied
between its electrodes it produces an output signal from a single ionization event caused by
incident radiation. A quenching gas is provided that prevents total ionization of the gas
within the detector and allows the detector to quickly reestablish initial conditions so that a
subsequent radiation event can be detected.
The sensitivity of the detectors is such that they can be used in radiation fields from 0.1
mrem/hr up to 104 R/hr where the energy of the gamma radiation can vary approximately
between 50 KeV and 3 MeV.
Process monitor detector assemblies contain a check source that can be exposed to the detector
by a solenoid-operated shutter. The source is used for verification of system function, but not
for calibration.
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12.3.5
12.3.5.1

EQUIPMENT AND SYSTEM DECONTAMINATION
Design Basis

Activity outside the core could result from fission products from defective fuel elements,
fission products from tramp uranium left on the cladding in small quantities during
fabrication, products of n - or n - p reactions on the water or impurities in the water, and
activated corrosion products. Fission products in the reactor coolant associated with
MODES 1 and 2 and tramp uranium are generally removed with the coolant or in subsequent
flushing of the system to be decontaminated. The products of water activation are not longlived and may be removed by natural decay during reactor cooldown and subsequent flushing
procedures. Activated corrosion products are the primary source of the remaining activity.
The corrosion products contain radioisotopes from the reactor coolant which have been
absorbed on or have diffused into the oxide film. The oxide film, essentially magnetite with
oxides of other metals including chromium and nickel, can be removed by chemical means.
Water from the primary coolant system and the spent fuel pool (SFP) is the primary potential
source of contamination in addition to the corrosion film of the primary coolant system. The
contamination could be spread by various means when access is required. Contact while
working on primary system components could result in contamination of the equipment,
tools, and clothing of the personnel involved in the maintenance. Also, leakage from the
system during operation or spillage during maintenance could contaminate the immediate
areas and could contribute to the contamination of the equipment, tools, and clothing.
12.3.5.2

Methods of Decontamination

Surface contaminants which are found on equipment in the primary system and the spent fuel
pool (SFP) that are in contact with the water are removed by conventional techniques of
flushing and scrubbing as required. Tools are decontaminated by flushing and scrubbing
since the contaminates are generally on the surface only of nonporous materials. Personnel
and their clothing are decontaminated according to the standard radiation protection
requirements.
Those areas of the plant which are susceptible to spillage of radioactive fluids are painted
with a sealant to facilitate decontamination that may be required. Generally, washing and
flushing of the surfaces are sufficient to remove any radioactivity present.
The corrosion films generally are tightly adhering surface contaminants and must be removed
by chemical or mechanical processes. Since decontamination experience with reactors is
continually being gained, specific procedures may change for each decontamination case.
Portable components may be cleaned with a combination of chemical and mechanical
methods if required.
12.3.5.3

Decontamination Facilities

Decontamination facilities onsite consist of an equipment pit and a cask pit located adjacent
to the spent fuel storage pool. In the stainless-steel-lined equipment pit, fuel handling tools
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and other tools can be cleaned and decontaminated. Decontamination of small tools and
pieces of equipment can be accomplished in the contaminated storage building(CSB) (see
Section 12.5.4).
In the cask decontamination pit, the outside surfaces of the shipping casks are
decontaminated, if necessary, by using steam, water detergent solutions, and manual
scrubbing to the extent required. When the outside of the casks are decontaminated, the
casks are removed by the auxiliary building crane and hauled away.
A decontamination shower and washroom for the personnel is located adjacent to the
radiation control area locker room. Personnel decontamination kits with instructions for their
use are in an area adjacent to the radiation control area locker room.
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Table 12.3-1
PLANT ZONE CLASSIFICATIONS
Zone

Condition of Occupancy

Maximum Dose Rate
(1% Failed Fuel) (mrem/hr)

0

Continuous access

0.1

I

Continuous access

1.0

II

Periodic access

2.5

III

Limited access

15

IV

Restricted access

>15
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Table 12.3-2a
PRIMARY SHIELD NEUTRON FLUXES AND DESIGN PARAMETERS CALCULATED NEUTRON FLUXES (HISTORICAL)
Energy Group

Incident Fluxes (n/cm2-sec)

Leakage Fluxes (n/cm2-sec)

E > 1 MeV

2.2 x 109

7.5 x 102

5.3 keVE 1 MeV

2.3 x 1010

1.6 x 103

0.625 eV E 5.3 keV

1.4 x 1010

2.7 x 103

E < 0.625 eV

1.9 x 1010

9.8 x 105

Note: The above table presents the input parameters used to support the primary shield design
for the original license application. The calculated fluxes were based on a core configuration
that included fresh fuel on the core periphery, providing the greatest contribution to neutron and
gamma leakage. With the low leakage fuel management scheme utilized for the uprated core,
the existing primary shielding remains conservative.
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Table 12.3-2b
PRIMARY SHIELD NEUTRON FLUXES AND DESIGN PARAMETERS - DESIGN
PARAMETERS (HISTORICAL)
Core thermal power

1520 MWt

Active core height

144 in.

Effective core diameter

98.16 in.

Baffle wall thickness

1.125 in.

Barrel wall thickness

1.75 in.

Thermal shield wall thickness

3.50 in.

Reactor vessel I.D.

132.0 in.

Reactor vessel wall thickness

6.50 in.

Reactor coolant cold-leg temperature

552F

Reactor coolant hot-leg temperature

607F

Maximum thermal neutron flux exiting primary concrete

106 n/cm2-sec

Reactor shutdown dose exiting primary concrete

<15 mrem/hr

Note: The above table presents the input parameters used to support the primary shield design
for the original license application. The conservative analytical techniques typically used to
establish shielding requirements ensure that core power uprate to 1775 MWt and operation with
an 18-month fuel cycle will have no significant impact on the required thickness of the primary
shielding.
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Table 12.3-3
SECONDARY SHIELD DESIGN PARAMETERS (HISTORICAL)
Core power density

85 W/cm3

Reactor coolant liquid volume (hot)

6245 ft3

Reactor coolant transit times
Core

0.850 sec

Core exit to steam-generator inlet

2.013 sec

Steam-generator inlet channel

0.596 sec

Steam-generator tubes

3.234 sec

Steam-generator tubes to vessel inlet

2.570 sec

Vessel inlet to core

1.774 sec

Total out of core

10.187 sec

Full-power dose rate outside secondary shield

< 1 mrem/hr

Note: The above table presents the input parameters used to support the secondary shield
design for the original license application. The conservative analytical techniques typically
used to establish shielding requirements ensure that core power uprate to 1775 MWt and
operation with an 18-month fuel cycle will have no significant impact on the required thickness
of the secondary shielding.
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Table 12.3-4
CONTAINMENT STRUCTURE DESIGN PARAMETERS (HISTORICAL)
Core thermal power

1520 MWt

Minimum full power operating time

1000 days

Equivalent fraction of core melting

1.0

Fission product fractional releases
Noble gases

1.0

Halogens

0.5

Remaining fission product inventory

0.01

Cleanup rate following accident

0

Maximum integrated dose (infinite exposure) in the control
room

< 2 rem

Note: The above table presents the input parameters used to support post-accident
containment shield design for the original license application. The impact of core power uprate
to 1775 MWt and operation with an 18 month fuel cycle has been evaluated and the maximum
operator dose for vital access missions remain within the regulatory limit of 5 Rem.
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Table 12.3-5
REFUELING CANAL AND SPENT FUEL POOL DESIGN PARAMETERS
(HISTORICAL)
Total number of fuel assemblies

121

Minimum full power exposure

1000 days

Minimum time between shutdown and fuel handling

100 hr

Maximum dose rate (due to spent fuel) adjacent to spent fuel pool
(east side of transfer canal)

1.0 mrem/hr

Maximum dose rate (due to spent fuel) at water surface

2.5 mrem/hr

Maximum dose rate adjacent to the north wall (intermediate
building south)a

15 mrem/hr

Maximum dose rate adjacent to the west walla

15 mrem/hr

Note: The above table presents the input parameters used to support the spent fuel pool and
refueling canal shield design for the original license application. The conservative analytical
techniques typically used to establish shielding requirements ensure that core power uprate to
1775 MWt and operation with an 18-month fuel cycle will have no significant impact on the
shielding requirements associated with fuel handling.
a.

Calculated
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Table 12.3-6
PRINCIPAL AUXILIARY SHIELDING (HISTORICAL)
Component

Concrete Shield Thickness

Demineralizers

4 ft 0 in.

Charging pumps

2 ft 6 in.

Liquid waste holdup tanks

3 ft 3 in.

Spent regenerant chemical holdup tanks

2 ft 0 in.

Volume control tank

3 ft 6 in.

Reactor coolant filter

3 ft 6 in

Gas stripper

3 ft 6 in.

Gas decay tanks

3 ft 6 in.

Gas compressor

2 ft 6 in.

Waste evaporator (physically removed in 1999)

2 ft 6 in.

Design parameters for the auxiliary shielding include:
Core thermal power

1520 MWt

Fraction of fuel rods containing small clad defects

0.01

Reactor coolant liquid volume (hot)

6245 ft3

Letdown flow (normal purification)

40 gpm

Effective cesium purification flow

3 gpm

Cut-in concentration deborating demineralizer
Dose rate outside auxiliary building

160 ppm
1 mrem/hr

Dose rate in the building outside shield walls

2.5 mrem/hr

Note: The above table presents the input parameters used to support Auxiliary Building shield
design for the original license application. The conservative analytical techniques typically
used to establish shielding requirements, and the plant technical specifications that limit the
reactor coolant activity to well below 1% fuel defects ensure that core power uprate to 1775
MWt and operation with an 18 month fuel cycle will have no significant impact on the required
thickness of the auxiliary building shielding.
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12.4
12.4.1

DOSE ASSESSMENT
OPERATION IN MODES 1 AND 2

Radiation surveys are made of plant areas on a periodic basis by radiation protection
personnel. Measurements are recorded on floor plan maps which are prepared for this
purpose. The radiation survey information presented in Sections 12.4.1 and 12.4.2 represent
survey performed prior to the uprate. Following power uprate, the maximum increase in
radiation level is expected to be 19%. Results of radiation surveys taken during 1983 are
summarized in Tables 12.4-1 and 12.4-2.
Inspection of the data in Table 12.4-2 shows that radiation levels in the control room, office
building, and turbine building were negligible (e.g., all readings were less than 0.05 mrem/
hr). Radiation levels in the intermediate building were also relatively low. The next highest
area reading observed was 4 mrem/hr at the entrance to the nuclear sample room. Most of the
other areas in the intermediate building were less than 1 mrem/hr. The spent fuel pool (SFP)
skimmer filter read several hundred mrem/hr.
Radiation levels in the auxiliary building depend on the nature of the activities in progress
and radioactivity levels in process systems and waste handling equipment. Radiation levels
in the spent fuel pool (SFP) and refueling area were generally less than 2 mrem/hr. Radiation
levels in accessible areas on the three operating floors were generally less than 2 mrem/hr.
Several hundred mrem/hr may be present in rooms containing process lines and equipment
such as the NaOH tank room, volume control tank room, reactor coolant filter room,
nonregenerative heat exchanger room, spent resin tank room, waste holdup room, and drum
storage area.
Radiation levels from equipment in the auxiliary building such as the waste holdup tank,
contaminated valves and lines in the letdown system, demineralizer units, volume control
tank, reactor coolant filters, spent resin units, and storage tanks may approach high values.
For example, 10 rem/hr was noted from the reactor coolant filter, 2 rem/hr from the bottom of
the waste holdup tank, and 50 rem/hr from the spent resin tanks.
Radiation levels in containment depend on several factors, including the power level,
radioactivity levels in the primary coolant (fuel defects), the amount of leakage from the
primary system, and the status of the various ventilation systems (e.g., recycle cooling system,
auxiliary cleanup system, and purge system). Under full power and secured conditions the
radiation levels on the operating floor are generally on the order of 10 to 50 mrem/hr with
local areas near equipment or lines approaching 100 to 200 mrem/hr in a few areas. Radiation
levels in accessible areas of the intermediate and basement floor areas are also in the same
order of magnitude. High levels may be present from contaminated lines, in shielded areas in
the basement level, and under the primary coolant loops. High levels from neutron streaming
are present around the reactor head and at the bottom of the reactor vessel in sump A.
12.4.2

FUEL HANDLING OPERATIONS

The radiation levels associated with fuel handling are low because the spent fuel is handled
remotely using several feet of water for shielding. During transfer of spent fuel from the
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reactor to the storage pool, radiation levels are 1 to 2.5 mrem/hr at the manipulator cranes and
1 to 2 mrem/hr at the surface of the water. These dose rates are not changed by movement of
spent fuel. The general floor working areas have a radiation level of 1 to 10 mrem/hr.
Radiation levels associated with fuel inspection are essentially the same as for fuel transfer.
Inspection can be done by underwater television cameras and leak testing or "sipping" is also
done remotely, under water.
During the fuel shipping process, spent fuel would be loaded into a shipping cask remotely,
under water. Most of the exposure would be received during the decontamination of the
shipping cask after it was removed from the storage pool.
The radiation levels when handling fuel with maximum burnup are not expected to be
significantly different from those detailed above. No more than a 10% increase in radiation
levels is expected with maximum burnup fuel.
12.4.3
12.4.3.1

POSTACCIDENT CONDITIONS
Summary

Doses to personnel during postaccident access to vital areas were evaluated as part of the
plant shielding design review submitted to the NRC in December 1979. (See Reference 1).
This evaluation identified the most critical areas requiring personnel access after the onset of
extreme accident conditions following a postulated major release of radioactivity into the
containment building. Consideration was given to areas where predetermined postaccident
functions would be performed (nuclear sample room, chemistry laboratory, count room,
control room, and air sample penetrations) and to areas where personnel could be called upon
to execute certain accident-mitigating or short-term recovery tasks (hydrogen recombiner
panel, radwaste panel, and building ventilation filters). Potential radiation exposures were
determined for each task and included additional exposure due to accessing the areas
considered.
As a result of subsequent plant modifications, the list of areas that need operator access has
changed. Several of the access requirements listed in the 1979 Design Review Report
(Reference 1) are no longer required due to changes in licensing basis since 1979,
specifically access requirements associated with post-accident sampling and access
requirements to the hydrogen recombiner panel. The access requirements for sampling were
predicated upon the perceived need for samples of the containment sump, containment
atmosphere, and reactor coolant system within a relatively short period of time after an
accident occurred. However, post TMI studies have shown that other means can be
employed to determine the degree of core damage and classify events for emergency
planning purposes. Consequently, the Post Accident Sampling System (PASS) was removed
from the Technical Specifications in Amendment 81 using the Consolidated Line Item
Improvement Process (CLIIP) per TSTF-366. WCAP-14986, and the associated NRC SER
(Reference 4) provided the technical justification. Hydrogen recombiners were removed
from the plant Technical Specifications in Amendment 90 per TSTF-447, and the associated
NRC SER (Reference 5). In general, post TMI information determined that hydrogen
production following a design basis Loss-of-Coolant Accident was slow enough that other
means could be employed to reduce the concentration to below combustible limits if needed.
In the event of a severe accident, the rate of
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hydrogen production exceeds the capability of the recombiners, causing the recombiners to
become an unwanted ignition source. Therefore, entry into this area is no longer considered
necessary for short term post accident operations.
Also, a review of the Emergency Operating Procedures indicated that there are no Emergency
Operating Procedure steps that discuss the need to change the auxiliary building, spent fuel
pool or control room accident filters. In addition, the Emergency Operating Procedure review
established that the vital area access requirements noted in the 1979 Report are not considered
"required" steps but "enhancements" to be undertaken only if the environment is considered
acceptable by Health Physics (HP) personnel.
Regarding the time when access may be envisioned, the review determined that immediate
access was not required for any of the operator actions listed in the 1979 Design Review
Report. Based on the above review, and except as noted, it was determined that for purposes
of demonstrating availability, the earliest access time that needed to be addressed was at 1 day
following the accident. The earliest access time that needed to be addressed for the radwaste
panel was 10 days following the accident.
The updated list of operator access requirements includes an additional action identified
subsequent to the issuance of the 1979 Design Review Report, i.e., throttling of the service
water flow to the component cooling water heat exchangers to support cooling of the residual
heat removal system. This action must be completed prior to initiation of the recirculation
phase during which sump water is recirculated back to the reactor coolant system following a
Loss-of-Coolant accident.
12.4.3.2
12.4.3.2.1

Methodology
Calculation of Dose Rates

Dose rates for the areas of interest were calculated in the December 1979 Design Review
Report by determining the potential contributing sources at a representative location and
using the appropriate source term from Table 12.2-1 adjusted for decay as required. The dose
rate at the representative location was used as the general area dose rate for the area and
chosen to envelope all critical location of interest. The SDC code (see Reference 2) was used
in performing the dose rate calculations.
Reference 3 documents the impact of core power uprate on the post-LOCA gamma radiation
dose rates developed in the 1979 Design Review Report by using source term scaling
techniques. The updated dose rate and dose estimates reflect the source term assumptions
discussed in the 1979 Design Review Report, as updated to reflect a core power level of
1811 MWT (includes a 2% margin to accommodate power measurement uncertainty), and
operation with an 18-month fuel cycle.
12.4.3.2.2

Doses to Personnel During Postaccident Access to Vital Areas

Personnel doses received in performing a specific task in a given vital area were calculated as
the sum of the doses received during travel to and from the vital area and the dose received
while performing the given operation in the vital area.
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The doses received during travel were determined by calculating dose rates at selected
locations along the travel route (or at a single location if the dose rate along the travel route is
relatively uniform) using the methodology discussed in Section 12.4.3.2.1 and multiplying
the dose rates by the appropriate travel times. Travel times for access routes initially
evaluated in the 1979 Design Review Report were based upon an assumed travel rate of 200
ft per minute.
The travel time associated with the additional action identified subsequent to the issuance of
the 1979 Design Review Report, i.e., throttling of the service water flow to the component
cooling water heat exchangers, is based on a time and motion study.
As part of the power uprate, Ginna has also updated the planned access route to the Target
Areas from that described in the 1979 Design Report. The new access route follows a path
from the north side of the control room to the south entrance of the auxiliary building at El
271 ft utilizing a path east of the containment outside any structures or buildings. Access
between the floors of the auxiliary building will be via the east stairway. This path was
selected since it was determined, based on review of the potential radiation sources, that it
was more prudent, based on the concepts of ALARA, to minimize the time spent for access
purposes within the auxiliary building and maximize the time spent for access purposes
outside the structure.
Doses received while performing a given operation were determined by multiplying the dose
rate for the given area by the time to perform the operation. Dose rates for the given vital area
were calculated using the methodology discussed in Section 12.4.3.2.1. Time estimates for
performing indicated tasks for access routes initially evaluated in the 1979 Design Review
Report were based upon experience gained during a decade of plant operation at Ginna
Station, whereas the time estimate for the additional action identified subsequent to the 1979
report is based on a time and motion study.
12.4.3.3
12.4.3.3.1

Areas That May Require Access for Postaccident Operations
Hydrogen Recombiner Control Panel (Area A)

Short-term post-accident access to the Hydrogen Recombiner Control Panel located on
Elevation 253-ft of the Intermediate Building is no longer required. Long-term operation of
this system (if available) would employ dose reduction efforts per station ALARA practices.
12.4.3.3.2

Postaccident Containment Air Sample Penetration No. 203 (Area B)

Short-term post-accident access to Containment Air Sample Penetration No. 203 located at
Elevation 271-ft of the Intermediate Building is no longer required. Long-term sampling
activities would encounter greatly reduced dose rates, and would employ dose reduction
efforts per station ALARA practices.
12.4.3.3.3

Nuclear Sample Room (Area C)

Short-term post-accident access to the Nuclear Sample Room located on Elevation 271-ft of
the Intermediate Building is no longer required. Long-term sampling activities would
encounter greatly reduced dose rates, and would employ dose reduction efforts per station
ALARA practices.
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12.4.3.3.4

Primary Chemistry Laboratory (Area D)

Short-term post-accident access to the Primary Chemistry Laboratory located in the Service
Building is no longer required. Long-term sampling activities would encounter greatly
reduced dose rates, and would employ dose reduction efforts per station ALARA practices.
12.4.3.3.5

Count Room (Area E)

Short-term post-accident access to the Count Room (adjacent to the Nuclear Sample Room) is
no longer required. Long-term sampling activities would encounter greatly reduced dose
rates, and would employ dose reduction efforts per station ALARA practices.
12.4.3.3.6

Postaccident Containment Sample Penetration No. 305 (Area F)

Short-term post-accident access to Containment Sample Penetration No. 305 located at
Elevation 253-ft of the Intermediate Building is no longer required. Long-term sampling
activities would encounter greatly reduced dose rates, and would employ dose reduction
efforts per station ALARA practices.
12.4.3.3.7

Radwaste Control Panel (Area G)

Area G, the radwaste control panel, is located on the basement floor of the auxiliary building.
Immediate postaccident access to the waste disposal panel and gas analyzer is not required;
however, certain longer term actions may make access necessary to this area. The waste
disposal panel contains pressure gauges for the tanks using cover gas and also for the gas
decay tanks and vent header. Alarms for tank and vent header pressure and gas analyzer
oxygen are locally indicated with a waste disposal panel alarm given on the main control
board. All gas system manual operations and releases are controlled locally at the waste
panel. In addition, various equipment associated with the liquid waste system are manually
controlled at this location.
During recirculation, residual heat removal piping, safety injection pumps and pipes, and
containment spray pumps and pipes will make radiation levels on the basement floor of the
auxiliary building very high.
It is anticipated that when occupancy is required at the radwaste control panel, an individual
would spend 2 minutes in this area, once per shift. From Table 12.4-4, the radiation levels at
this location are estimated to be 3900 R/hr 1 hour after the accident. A 2-minute occupancy
in this area would result in a 130 rem dose. After 1 day, 3 days, and 10 days, the dose to a
worker in 2 minutes would be 14 rems, 7 rems, and 2.6 rems, respectively.
Access to the radwaste control panel is estimated based on use of route 5 (Table 12.4-3). The
dose received along this route is estimated to be 0.45 rem during the first hour of the accident
and less than 42 mrem 1 day following the accident.
12.4.3.3.8

Safeguards Bus 16 (Area H)

Area H is on the intermediate level of the auxiliary building, around safeguards bus 16. It is
not expected that any immediate access would be required to the areas of the safeguards buses
or their associated motor control centers.
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Radiation levels in area H will be from the safety injection pumps and associated piping
directly below on the basement floor. The shine through the 18-in. concrete floor has been
estimated to be about 78 R/hr at 1 hour after the accident. This radiation level drops to 3.3
R/hr at 1 day and 0.52 R/hr at 10 days (see Table 12.4-4).
In the event the chemical and volume control system is used to strip gas from the primary
coolant, the waste gas piping from the volume control tank to the gas compressor and into the
waste gas decay tanks will be contaminated. The waste gas decay tanks, once filled with
accident source activity, will also contribute to the radiation level in area H, although to a
lesser extent.
Radiation levels 30 ft from the 1-in. waste gas piping have been estimated to be 130 R/hr at 1
hour after the accident. After 1 day, these levels decrease to 7 R/hr, approximately double the
radiation level coming from the floor below. The waste gas decay tanks have been estimated
to contribute 3.6 R/hr to area H at 1 hour into the accident and 0.12 R/hr after 1 day.
The waste gas piping is 1 in. in diameter and could be locally shielded. One in. of lead
shielding would decrease the radiation level by a factor of about 4, and 2 in. of lead by a
factor of 10.
Access to area H at 1 hour after an accident is assumed to be via route discussed in UFSAR
Section 12.4.3.2.2 and will result in an additional 5.7rem for ingressing and egressing the
area. The majority of this dose comes from the waste gas piping (5.2 rem). If no waste gas
stripping is in progress, then the access dose would be only 0.52 rem. If the waste gas piping
is contaminated with stripped gases, shielding with the equivalent of 1 in. of lead on waste
gas piping and 1/2 in. of lead on residual heat removal sample lines results in a dose to
individuals accessing area H of just over 1.94 rem. If access to this area is required at 1 day
postaccident, then the radiation dose for ingress and egress would be 0.19 rem and 0.01 rem
for unshielded and shielded waste gas and residual heat removal sample piping, respectively.
12.4.3.3.9

Safeguards Bus 14 (Area I)

The safeguards bus 14 is on the 271-ft elevation. It has been designated as area I and is
directly over area H. Occupancy in this area will be the same as explained for area H.
The radiation level in area I will be essentially from the direct dose from containment. At 1
hour, the radiation level has been estimated to be about 6.5 R/hr; after 8 hours, 0.9 R/hr; and
only 0.06 R/hr after 1 day.
Access to area I is via route discussed in UFSAR Section 12.4.3.2.2 and will add 0.45 rem to
the worker’s dose at 1 hour following an accident and only 0.007 rem after 1 day.
12.4.3.3.10 Postaccident Containment Air Sample Penetration (Area J)
Short-term post-accident access to the Containment Air Sample Penetration is no longer
required. Long-term sampling activities would encounter greatly reduced dose rates, and
would employ dose reduction efforts per station ALARA practices.
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12.4.3.3.11 Auxiliary Building Heating, Ventilation, and Air Conditioning (Area K)
Short-term post-accident access to the Auxiliary Building Heating, Ventilation and Air
Conditioning Areas to change filters is no longer required. Long-term filter changes would
encounter greatly reduced dose rates, and employ dose reduction efforts per station ALARA
practices.
12.4.3.3.12 Spent Fuel Pool (SFP) and Auxiliary Building Heating, Ventilation, and Air
Conditioning Filters (Area L and Area M)
Short-term post-accident access to the Spent Fuel Pool and Auxiliary Building Heating,
Ventilation and Air Conditioning Areas to change filters is no longer required. Long-term
filter changes would encounter greatly reduced dose rates, and employ dose reduction efforts
per station ALARA practices.
12.4.3.3.13 Control Access High Efficiency Particulate Air and Charcoal Filters (Area N)
Short-term post-accident access to the Control Access High Efficiency Particulate Air and
Charcoal Filters is no longer required. Long-term filter changes would encounter greatly
reduced dose rates, and employ dose reduction efforts per station ALARA practices.
12.4.3.3.14 Control Room
An additional operator action was identified subsequent to the issuance of the 1979 Design
Review Report. The task required throttling of the service water flow to the component
cooling water heat exchangers to support cooling of the residual heat removal system. This
action must be completed prior to initiation of the recirculation phase during which sump
water is recirculated back to the reactor coolant system following a Loss-of-Coolant
accident.
The earliest access time is expected to be at 10 minutes after the accident. The only radiation
source at that time is the airborne source inside containment. The source term assumptions
for the containment airborne source are consistent with that used in the 1979 Design Review
Report, i.e., 100% of the core noble gases and 25% halogens. No credit is taken for any
removal mechanisms other than decay. The access route dose estimates are based on use of
the new access route discussed earlier in Section 12.4.3.2.2.
12.4.3.3.15 Control Room
Continuous occupancy is required in the control room after an accident, and direct radiation
exposure from shine must be considered after a design basis accident. Per Reference 7, the
estimated integrated dose was calculated (Reference 8) for shine from containment, the (CREATS) filters and the plume passing the control room. The total integrated dose from these
three sources is estimated to be 0.36 Rem for the duration of the accident. This dose must be
added to the total airborne dose (see Table 6.4-1).
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Table 12.4-1
RADIATION MONITORING SYSTEM READINGS (1983)
Monitor Number

Monitor Name or Location

1520 MWt
(mrem/hr)

R1

Control room area

< 0.1

R2

Containment area

10

R3

Radio chem lab

0.1

R4

Charging pump room

5

R5

Spent fuel pool area

1

R6

Nuclear sample room

2

R7

Incore detector area

10

R8

Drumming station

3

R9

Letdown line monitor

40
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Table 12.4-2
RADIATION SURVEY READINGS IN PLANT AREAS (1983)a
Area Description or Location

Readings
(mrem/hr)

Control room

<0.05

Quality control office

<0.05

Results and test office

<0.05

Health physics office

<0.05

Cafeteria

<0.05

Main hall

<0.05

Turbine building
General area

<0.05

Main steam

<0.05

Reheaters

<0.05

Condensers

<0.05

Blowdown

<0.05

Secondary sample sink

<0.05

Intermediate building areas
Elevation 253 ft

0.05 to 3

Elevation 271 to 278 ft

0.05 to 4

Elevation 295 to 298 ft

0.05 to 4

Auxiliary building operating floor
Spent fuel pool and decontamination pit area

1

New fuel storage area

1

Refueling water storage tank (RWST)

6

Monitoring and reactor makeup in water tank area

1

Waste handling area

5 to 10

Boric acid storage tank area

2 to 25

Waste condensate demineralizer room

3 to 130a

Drumming station

5 to 10

Waste storage vault

250 to 10,000

Auxiliary building intermediate floor
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Area Description or Location

Readings
(mrem/hr)

Refueling water storage tank (RWST) area

0.5 to 4

Vent filter area

1

Waste line southeast end

70

Gas compressor room

1 to 60

Gas decay tank room

1

Chemical and volume control system tank rooms
Volume control tank room

1 to 6
1000 to 5000

Concentrates tank room

2 to 200b

Demineralizer vault

103 to 106

Reactor coolant filter room

50 to 20,000c

Auxiliary building basement floor
General operating area

1 to 5

Refueling water storage tank (RWST) room
Valves on lines

6 to 25
15 to 200

Seal injection filter

1000 to 10,000

NaOH tank room

4 to 160d

Nonregenerative heat exchanger

15 to 250

Seal return cooler

4 to 35

Charging pump room

2 to 180

Chemical and volume control system tank room

5 to 150

Waste holdup tank

15 to 2000e

a.

Reading on demineralizer, maximum.

b.

Reading on filter, maximum.

c.

20 rem/hr at contact with filter.

d.

Reading on letdown line, maximum.

e.

Reading on bottom of tank, maximum.

a.

Readings taken in 1983 at 100% full power or 1520 MWt.
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Table 12.4-3
Table DELETED
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Table 12.4-4
EXPOSURE RATES FOR VITAL AREAS AS A FUNCTION OF TIME (R/hr)
VITAL AREAa
Area Identification per 1979 Design
Review Report

1 Hour

1 Day

30 Days

Area A (Hydrogen Recombiner)

Access Requirement has been eliminated

Area B-F (PASS related activities)

Access Requirement has been eliminated

Area G (Radwaste Panel)

6 Months

4000>

470

28

6.7

78

3.3

0.21

NCb

Including Waste gas system (unshielded
pipes)

232

10

0.37

NCb

Including waste gas system (1 in. lead
on pipes)
Area I (Safeguards Bus 14)

120

3.8

0.19

NCb

7

0.06

Negligiblec

NCb

Area H (Safeguards Bus 16)
Excluding waste gas system

Area J (PASS related activity)

Access Requirement has been eliminated

Area K-N (HVAC Filter change out)

Access Requirement has been eliminated

New Area-Access Requirement
identified Subsequent to the 1979
Design Review Report
Throttle SW to CCW HX
a.

5 rem/hr at T=10 mins

See Section 12.4.3 for Vital Area Description

b. NC: Not calculated
c.

(0.001 R/hr)

Page 49 of 56

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 12 RADIATION PROTECTION

Table 12.4-5
VITAL AREA RADIATION DOSE SUMMARY
Vital Areaa/Location

Time After
Accident

Occupancy

Dose In
Area

Area A (Hydrogen
Recombiner Control Panel)

Access Requirement has been eliminated

Area B-F (Post Accident
Sampling Access
Requirements)

Access Requirement has been eliminated

Access
Dose to and
From

Total

Area G (Radwaste Control
Panel)

10 day

2 min

2.7 rem

Negl

2.7 rem

Area H (Safeguards Bus 16)

1 day

--

3.3 R/hr

Neglb

3.3 R/hr

Area I (Safeguards Bus 14)

1 day

--

0.1 R/hr

Neglb

0.1 R/hr

0.6 remb

1.5 rem

Area J (Post Accident
Sampling Access
Requirement)
Area K-N (HVAC Filter
Changeout (Aux Bldg., Spent
Fuel Pool, Control Room)
c

Throttle SW to CCW HX

Access Requirement has been eliminated
Access Requirement has been eliminated
10 mins

10 mins<

0.9 rem

a.

See Section 12.4.3 for Vital Area Description

b.

Areas H and I consider Access at 1 day and beyond. Area G is based on Access at least 10 days after the
accident.

c.

Access requirement identified subsequent to issuance of the 1979 Design Review Report.
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12.5
12.5.1

RADIATION PROTECTION PROGRAM ADMINISTRATION
ORGANIZATION

The designated radiation protection manager at Ginna Station is the Manager, Radiation
Protection. Personnel report to the Manager, Radiation Protection, for key areas of the
radiation protection programs. The authority and responsibilities of this management
position is discussed in Section 13.1.2.1.2.2.
The qualifications of individual members of the radiation protection staff meet or exceed the
minimum qualification requirements for comparable positions referenced in ANSI N18.11971 as supplemented by Regulatory Guide 1.8, September 1975. The Manager, Radiation
Protection, or members of the supervisory staff, meet or exceed the specific requirements for
a radiation protection manager.
Training programs for radiation protection personnel are discussed in Section 13.2.1.
12.5.2
12.5.2.1

EXPOSURE CONTROL PROGRAM
External Exposure

The external occupational exposure control program consists of Radiation Work Permits
(RWP), dosimetry, dose monitoring and review, dose limitations, and quality assurance.
The control of personnel dose within the RWP is accomplished by the use of personnel
dosimeters, radiation surveys, timekeeping and/or stay times, and a records system for
documenting dose. The dosimeter used primarily for dose of legal record shall be accredited
by the National Voluntary Laboratory Program (NVLAP) for ionizing radiation dosimetry.
Any dosimetry service providing dose of legal record shall use a dosimeter accredited by
NVLAP for ionizing radiation dosimetry. If the NVLAP accredited dosimeter is lost or
damaged, a backup dosimeter or other means of dose reconstruction may be used as the dose
of record. The system of records used to control personnel external exposure is through
individual dose history files and continuously undated database of dose and RWP history.
The exposure limitations program consists of procedures establishing policy for annual
external dose guideline limits and RWP criteria to meet the ALARA concept.
The quality assurance for external exposure control consists of the calibration of dosimeters
and portable survey instruments, and quality control checks. The program is also evaluated
for compliance by audits and surveillance. The program is evaluated for performance
improvement by self-assessments.
12.5.2.2

Internal Exposure

The internal occupational exposure program consists of using RWPs, dosimetry records,
internal exposure review, internal exposure limitations, and quality assurance of whole body
analysis equipment. The control of personnel internal exposure within the RWP is
accomplished by the use of airborne radioactive air sampling to identify and control airborne
radioactivity, time keeping and/or stay times, and a records system for documenting any
internal dose. The method of monitoring internal exposure is the radiological analysis of air
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samples to calculate derived air concentration (DAC) hours. Internal dose of record may be
assigned from DAC hours or from in-vivo or in-vitro radiological analyses. The system of
records used to control personnel internal exposure is through individual dose history files,
computer database of DAC hour tracking and RWP history, whole body count results, air
sample results, and air contamination surveys. The exposure limitations consist of
procedures establishing policy for DAC limits for posting as an airborne area, RWP criteria
to meet the ALARA concept, and DAC hour limits for requiring whole body counting,
internal dose assignments or in-vitro analysis.
The quality assurance of internal exposure consists of the calibration of portable survey
instruments, air sampling equipment, counting instruments, whole body counters, and the use
of quality control checks for calibrated equipment. The program is evaluated for compliance
by audits and surveillances, and is evaluated for performance improvement by selfassessments.
12.5.2.3

Respiratory Protection

A respiratory protection program is in effect in accordance with 29 CFR 1910.134,
Regulatory Guide 8.15 and NUREG 0041, under the supervision of a Health Physicist. This
program is implemented by written procedures on the use, selection, fitting and testing,
maintenance, and operation of respirators.
12.5.2.4

Radioactive Sources Control

All radioactive sources are under the control of the Manager, Radiation Protection and/or a
designated Health Physicist. Handling of all sources is by trained personnel following
established plant procedures or Radiation Work Permits. These procedures or permits
specify precautions, protective clothing, dosimetry, and permissible locations for use, where
applicable. Procedures include requirements for receipt of radioactive materials, use of
sources, and inventory of sources. Sources that contain quantities of byproduct material
listed in 10 CFR 30.70, Schedule A or 10 CFR 30.71, Schedule B, and all other sources are
leak tested in accordance with plant procedures.
12.5.2.5

Medical Examinations

All prospective employees must pass a physical examination given by the Medical
Department. This includes medical history, radiation history, physical, electrocardiogram (if
considered necessary), special eye examination, and lab analyses. Special health
reexamination or bioassay tests are required as determined by the Medical Department.
Employees required to wear respirators must pass a medical check. This includes the
pulmonary function testing process and completion of a medical questionnaire.
Reexaminations are required annually.
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12.5.3

SURVEILLANCE PROGRAM

12.5.3.1

Surveys

Radiation and contamination surveys are performed in accordance with written procedures.
The procedures include the methodology for conducting the survey as well as minimum
survey frequencies for all areas of the station.
12.5.3.2

Radiation Work Permits

Radiation Work Permits are used for entry into all restricted areas of Ginna Station such as
radiological surveys by radiation protection personnel, tours by operations personnel, or
inspections by station personnel and for specific tasks or jobs such as maintenance work on
reactor coolant systems, special plant evolutions (resin transfers, etc.), or plant modifications.
The duration of the approval period and the approval process for Radiation Work Permits are
specified in radiation protection procedures.
12.5.3.3
12.5.3.3.1

Access Control, Posting, and Labeling
Restricted Areas

The plant site is divided into categories, the unrestricted area, the restricted area, and
controlled areas. A controlled area may be established outside the restricted area but inside
the site boundary for any reason.
The restricted area encompasses all plant areas access to which is controlled to limit
personnel exposure to radioactive materials and radiation. Access to the restricted area is
limited to those persons authorized for entry by station supervisors and radiation protection
personnel. Entry to and exit from the restricted areas in the intermediate building, auxiliary
building, and containment are through the designated access control point only.
Any area inside the restricted area in which radioactive materials and radiation are present is
surveyed, classified, and conspicuously posted with the appropriate radiation caution sign.
The general area of the service facilities is designed to provide adequate personnel
decontamination and change areas. The Radiation Protection Access Control Point is an area
designed to provide personnel monitoring, tools and materials monitoring, worker point of
contact for entry, use of Radiation Work Permits for controlling worker exposure, and
personnel decontamination. The Radiation Protection group controls access and egress for
workers into restricted areas to ensure radioactive materials are controlled in the restricted
area or otherwise properly controlled in accordance with plant procedures.
12.5.3.3.2

Access Control

Dosimeter readings are recorded when personnel enter or exit the restricted area on the
Radiation Work Permit used for entry, except for an emergency entry when dose may be
recorded after exiting the restricted area. Locations within the restricted area that exceed
1000 disintegrations per minute/100 cm2 of removable contamination are considered
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contaminated areas and are posted with step-off pads and/or signs. The limit for removable
contamination outside the restricted area is 1000 disintegrations per minute/100 cm2.
Administrative and physical security measures are employed to prevent unauthorized entry of
personnel to any high-radiation area or very-high-radiation areas (greater than 500 rads in 1
hour at 1 meter). These measures include the following:
A. Areas in which radiation levels are so high that individuals might receive doses in excess of
100 mrem in 1 hour are barricaded and conspicuously posted as high-radiation areas.
Administrative controls require the issuance of a Radiation Work Permit prior to entering
any high-radiation area.
B. Entrances to locations where the above value exceeds 1 rem in 1 hour are conspicuously
posted and, in addition, doors or barriers are locked to prevent unauthorized entry. Keys to
these doors or barriers are kept under special administrative control. In addition, very high
radiation areas shall include additional administrative controls to prevent unauthorized
access.
C. Any individual or group of individuals entering a high-radiation area is provided with either
a radiation monitoring device which continuously indicates the radiation dose rate in the
area or a radiation monitoring device which continuously integrates the radiation dose rate
in the area and alarms when a preset integrated dose is received for areas with established
dose rates or is accompanied by an individual qualified in radiation protection procedures
with a dose rate monitoring device.
12.5.3.3.3

Protective Apparel

Personnel entering a contaminated area are required to wear protective clothing. The nature
of the work to be done is the governing factor in the selection of protective clothing to be
worn by individuals. The protective apparel available are shoe covers, head covers, gloves,
and coveralls or lab coats. Additional items of specialized apparel such as plastic or rubber
suits, face shields, and respirators are available for operations involving high-level
contamination. In all cases, radiation protection personnel shall evaluate the radiological
conditions and specify the required items of protective clothing to be worn on the
appropriate Radiation Work Permit.
Respiratory protective devices may be required in a situation arising from plant operations in
which an airborne radioactive area exists or is expected. The use of engineering controls
should be the primary means of controlling airborne radioactive areas. In all cases, the
airborne concentrations are monitored by radiation protection personnel and the necessary
controls or protective devices are specified on the Radiation Work Permit according to
concentration and type of airborne contaminants present.
12.5.4

RADIATION PROTECTION FACILITIES AND EQUIPMENT

Locker rooms are used to store items of personal clothing not required or allowed in the
restricted area. Dressing/undressing areas, decontamination sink, showers, and PCMs
(personnel contamination monitors) are provided for men and women in an area adjacent to
the intermediate building, hot side.
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The work areas are located adjacent to the restricted area access and are interconnected. The
areas consist of an office area, chemistry, count room, radiochemistry laboratory, and
chemistry laboratory. The first aid room, general work area, storage area, dosimetry/records
area, staff offices and manager’s offices are in the administration building in close proximity
to the work areas.
The count room contains a gamma spectroscopy system with germanium detectors. The
primary sample stations are located in the restricted area on the other side of the radiochemistry
laboratory wall. A pass box with an alarm system makes it possible for samples to be
transferred to the radiochemistry laboratory with minimal personnel handling times.
Radiation protection facilities include calibration and source checking facilities. Calibration
sources include a self-contained, interlocked cabinet type gamma calibrator, gamma
calibrators and several smaller sources for free air irradiation at lower dose rates.
A hot shop was historically used for storage and decontamination of contaminated tools and
equipment. The hot shop at one time contained a decontamination sink, ultrasonic cleaner,
and automatic dishwasher. The contaminated storage building (CSB) is currently used for
storage and decontamination of tools, materials and equipment. The CSB is connected to the
auxiliary building (AB) by an enclosed walkway and fire rated doors. There is also a fire
rated door in the CSB that provides access to the adjacent canister preparation building
(CPB). The CSB has a floor area of approximately 3600 ft2.
A radioactive material storage building (RMSB) is currently used for storage of tools,
materials and equipment. The building is located on the west side of the plant south west of
the engineering building. The RMSB has a floor area of approximately 2400 ft2. (See Figure
1.2-1)
A Radioactive Material Storage Facility is loacted west of the Plant, outside of the Protected
Area fence. This facility is used for storage of Radioactive Material. The facility is
controlled to prevent unauthorized access and unauthorized removal of licensed radioactive
material.
The spent fuel cask decontamination pit in the auxiliary building is used for large equipment
decontamination (see Section 12.3.5).
Portable radiation survey instruments meeting current industry standards are available for
routine monitoring functions. Ginna's instruments use various detectors such as GeigerMueller, ion chamber, scintillation, proportional counter, and newer technology to measure
radiation. They are capable of measuring alpha, beta, gamma, neutron, and X-ray radiations
from background to very high levels of radiation in the thousands of R/hr range..
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13.1
13.1.1
13.1.1.1

ORGANIZATIONAL STRUCTURE OF GINNA NUCLEAR
GENERATING STATION
ORIGINAL CONSTRUCTION ORGANIZATION
Design and Construction Activities (Project Phase)

The four principal organizations responsible for the initial design and construction of Ginna
Station were the owner, Rochester Gas and Electric Corporation; the prime contractor,
Westinghouse; the architect-engineer and subcontractor to Westinghouse, Gilbert Associates,
Inc.; and the constructor and subcontractor to Westinghouse, Bechtel Corporation. Their
organizational relationships and responsibilities, particularly as applied to quality control, are
discussed in Section 17.1.1.
Rochester Gas and Electric engaged the firm of Pickard, Lowe and Associates, of
Washington, D.C., as consultants on reactor and plant engineering, site meteorology, and
general site studies. In addition, specialists in environmental sciences participated in
developing information concerning the site. These included Dr. Ben Davidson, meteorologist
and Director, Geophysical Science Laboratory, New York University College of Engineering;
Drs. Donald Pritchard and James Carpenter, hydrologists, and respectively Professor and
Assistant Professor, Department of Oceanography, Johns Hopkins University; Dr. G. Hoyt
Whipple, health physicist, Professor of Radiological Health, School of Public Health,
University of Michigan; and Dr. Robert Sutton, geologist, University of Rochester. The firm
of Hansen, Holley and Biggs, Massachusetts Institute of Technology, was engaged for
structural engineering analyses. For quality control and the establishment of an operating
surveillance program, the Southwest Research Institute, San Antonio, Texas, was engaged as
a consultant.
13.1.1.2

Preoperational Activities

Organization and staffing for the preoperational startup and test phase for Ginna Station is
discussed in Section 14.2.
In accordance with agreements made with RG&E, Westinghouse furnished supervision for
the precritical tests, core loading criticality, post-critical tests, and plant performance tests
with RG&E furnishing technical assistance, licensed operators, and labor for startup and
plant operation, for core loading, and for all testing operations.
13.1.2

CORPORATE NUCLEAR OPERATIONS ORGANIZATION

The R.E. Ginna Nuclear Power Plant’s (Ginna) Operating License was transferred to Exelon
Generation Company, LLC (Exelon) on April 1, 2014. Exelon owns and operates a fleet of
nuclear power plants throughout the United States, of which Ginna is now a part of.
13.1.2.1

President and Chief Executive Officer, CENG (CEO)

This position is responsible for overall corporate policy and provides executive direction and
guidance for the corporation as well as promulgates corporate policy through the Senior Vice
President - Nuclear Operations.
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13.1.2.2

Senior Vice President - Nuclear Operations Chief Nuclear Officer, CENG
(COO/CNO)

This position has overall responsibility for the safe and reliable operation of the Company's
nuclear stations including management, oversight and strategic support of the operations of
the stations. This is the senior executive responsible for setting and implementing policies,
objectives, expectations, and priorities to ensure activities are performed in accordance with
the quality assurance program and other requirements. The CNO oversees activities of the
Nuclear Safety Review Board (NSRB).
13.1.2.3
13.1.3

DELETED
GINNA OPERATING ORGANIZATION

Figure 13.1-2 through 13.1.11 show the organization charts for personnel reporting to the Site
Vice President and Plant Manager. Depending on the scope of the activities, one or more
individuals may be assigned the described management responsibilities. The on-site
operating organization includes one or more individuals knowledgeable in the following
fields: nuclear power plant operation; nuclear power plant mechanical, electronic systems;
nuclear engineering; chemistry and radiochemistry; radiation protection; and quality
assurance. Fleet or site procedures provide detailed organizational descriptions. The
responsibilities and lines of authority of principal station personnel are as follows.
13.1.3.1

Site Vice President (SVP)

This position reports to the Senior Vice President Site Operations and is responsible for
overall plant nuclear safety and implementation of the Company's quality assurance program.
This position is responsible for the station's compliance with its NRC Operating License,
governmental regulations, and ASME Code requirements. This position provides day-to-day
direction and management oversight of activities associated with the safe and reliable
operations of a nuclear station. During an absence, the SVP shall delegate in writing the
succession to this responsibility. The SVP direct reports are indicated in Figure 13.1-1.
13.1.3.2

Plant Manager

This position reports to the SVP and is responsible for plant operations and maintenance. This
position assures the safe, reliable, and efficient operation of the plant within the constraints of
applicable regulatory requirements, Operating License, and the quality assurance program.
The Plant Manager, in carrying out the responsibility for overall safety of plant operations, is
responsible for timely referral of appropriate plant matters to management and independent
reviewers. The Plant Operating Review Committee (PORC) reports to the Plant Manager.
The Plant Manager's direct reports are indicated in Figure 13.1-2.
13.1.3.3

Director, Site Engineering

The management position for engineering and design has the responsibility and authority for
day-to-day engineering support activities, develops and maintains engineering programs,
policies, procedures, and provides engineering services in accordance with the Quality
Assurance Program. A staff of supervisory, technical, and administrative
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personnel supports maintenance activities. Director, Site Engineering reports are indicated
in Figure 13.1-3.
Engineering Supervision

13.1.3.3.1

Engineering managers lead and coordinate projects including discipline interfaces and assign
projects to department engineers. Functional areas of responsibility include:
a. Design engineering.
b. Engineering administration.
c. Modifications and their implementation.
d. Plant configuration control.
e. System engineering.
f.

System Testing.

g. Technical support.
13.1.3.3.1.1

Department Engineer(s)

The Department Engineers report to the Engineering Manager associated with their
respective discipline. The assigned engineers are responsible for the following:
a. Prepare design documents.
b. Review design documents.
c. Evaluate qualification test results associated with design.
d. Review repair procedures.
e. Prepare and review 10 CFR 50.59 Screens and 10 CFR 50.59 Evaluations.
f.

Assist in resolution of maintenance and operational concerns.

g. Ensure plant systems are appropriately maintained and operated during daily activities and
modifications.
13.1.3.4

Director, Site Work Management

The management position(s) responsible for control of work coordinate, administer, execute,
and monitor daily and outage work schedules. This position is also responsible for material
management and site supply, which coordinates parts requirements, specifies and evaluates
parts procures all materials for the site, ships and receives material, and controls the on-site
inventory. The site supply chain provides and coordinates scope and priority for station
procurement engineering efforts. The direct reports to the Manager are shown on Figure 13.14.
13.1.3.5

Director, Site Training

The management position responsible for training provides direction, control, and overall
supervision of personnel as required by regulations and training for all site personnel as
required. Functional areas of responsibility include:
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a. Learning services
b. Maintenance technical training.
c. Operations training.
Director, Site Training direct reports are shown on Figure 13.1-5.
13.1.3.6

Manager, Site Security

The Manager, Site Security, reports to the Site Vice President and is responsible for
security.
13.1.3.7

Director, Site Operations

Responsible for safe, reliable and efficient plant operation consistent with Fleet and station
goals. As the senior manager responsible for plant operations, the Operations Director
establishes and reinforces standards and expectations for Operations Department personnel
and other site personnel who interface with Operations in order to establish an error-free and
professional work environment.
13.1.3.7.1

Shift Operations Superintendent

The Shift Operations Superintendent (SOS) is responsible for the conduct and performance of
the on-shift Operations crews. The SOS directly supervises the Shift managers and is
responsible for their personal development and the development of their crews.
The SOS is also responsible for the content and quality of training received by both
licensed and non-licensed operators.
13.1.3.7.1.1

Shift Managers

The Shift Managers report to the Shift Operations Superintendent and are responsible for the
performance of all personnel assigned to their shifts who could affect plant safety, regardless
of specialty affiliation. The primary function of the Shift Manager is to supervise the
operation and related activities of Ginna Station, to supply the electrical demand of the system
in the most efficient manner possible, and to protect the health, safety, and welfare of the
general public from the potential hazards associated with the plant. The Shift Technical
Advisor, Unit Supervisor, Reactor Operators, and Equipment Operators report to the Shift
Managers.
During all plant modes, a Shift Technical Advisor (STA) is assigned to be in the control room
within 10 minutes of being notified by the Shift Manager. The STA provides advisory
technical support to the Shift Manager in the areas of thermal hydraulics, reactor engineering,
and plant analysis with regard to the safe operation of the unit and emergency response.
13.1.3.7.1.2

Operating Shift Crews

The Operating Shift Crews report to the Shift Operations Superintendent through the Shift
Manager. The Ginna Station Operations Department consists of crews which conform to the
requirements for shift complement as specified in 10 CFR 50.54 (k), (l), and (m). Additional
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information pertaining to shift crews is provided in the Technical Specifications. Minimum
fire brigade composition is discussed in the Fire Protection Program Report (Reference 1).
13.1.3.7.2

Senior Manager Operations Support and Services

Supervises the Operations Support and Operations Services Groups. The Operations support
staff works to achieve consistently high levels of performance in the area of plant operations.
Is responsible for managing department procedures, performance indicators, budgetary
oversight, implementation of the fire protection program, and other functions that are
necessary to support effective operation. Routinely interfaces with site counterparts and
industry peers to ensure continuous improvement. The Operations Services Group is directly
involved with strategic placement of planned maintenance for all site departments. As such,
the position interfaces with numerous site departments to determine optimum scheduling of
work (both on-line and outage) to achieve improved plant performance and reliability.
13.1.3.7.2.1

Fire Marshal

The Fire Marshal is a supervisory level position in the Operations Department that manages
all aspects of the Fire Protection Program at the site.
13.1.3.7.3

Reactor Engineer(s)

The Reactor Engineers report to the Director, Site Operations and are responsible for
ensuring the safe and efficient operation of the reactor. They are responsible for the plant
nuclear performance, nuclear material accountability, and reactor technology.
13.1.3.8

Manager, Site Radiation Protection

The Manager, Site Radiation Protection, reports to the Plant Manager. The Manager, Site
Radiation Protection manages personnel who supervise the Radiation Protection Program
administration, radioactive waste control, As-Low-As-Reasonably-Achievable (ALARA)
program administration, respiratory protection program, plant radiation monitoring systems,
on-the-job radiation monitoring, and in-plant radiation surveillance program. The Manager,
Site Radiation Protection also supports the corporate and plant emergency organizations. The
Manager, Site Radiation Protection direct reports are indicated in Figure 13.1-7.
The Manager, Site Radiation Protection is responsible for maintaining a program to control
doses to in-plant personnel within all regulatory guidelines and maintaining the principles of
ALARA. The General Supervisor, Radiation Protection, is also responsible for ensuring that
the Radiation Protection Training Programs provide the knowledge and skills necessary for
technicians to fulfill their assigned duties.
All radioactive sources are under the control of the Manager, Site Radiation Protection and/or
a member of the radiation protection staff.
13.1.3.8.1

Radiation Protection Staff

Members of the radiation protection staff report to the Manager, Site Radiation Protection,
and direct the monitoring and control of the radiological aspects of work in and around the
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radiologically controlled areas of the plant. The Manager, Site Radiation Protection may
assign the individuals responsibility for coordination of one or more of the following duty
areas:
•

Radioactive waste.

•

ALARA.

•

External dosimetry.

•

Internal dosimetry.

•

Plant radiation/contamination monitoring equipment.

•

Respiratory protection.

•

Radiation protection.

•

Contamination control

13.1.3.9

Manager, Site Chemistry, Environment and Radwaste

The management position(s) responsible for chemistry activities, laboratory and system
processes, related procedures and programs.
• Environmental services
• Radioactive waste
• Radiological environmental monitoring
The direct reports of the Manager, Site Chemistry, Environment and Radwaste are
indicated on Figure 13.1-8.
13.1.3.9.1

Radiochemistry Staff

The Radiochemistry staff reports to the Manager, Site Chemistry, Environment and Radwaste
and directs the monitoring and control of chemical and radiochemical parameters of plant
process streams containing radioactive material and is responsible for establishing a
comprehensive primary sampling and analysis program to assess for system degradation; for
establishing a radiological effluent monitoring program to assess the quantity of radioactive
material released into the environment; and for establishing an environmental monitoring
program to assess the radiological effects of plant radiological releases to the environment
surrounding the plant.
13.1.3.9.2

Secondary Chemistry

The Secondary Chemistry group reports to the Manager, Site Chemistry, Environment and
Radwaste and directs the chemical control of all nonradioactive systems at the plant site to
ensure compliance with federal and industry regulations and standards, and is responsible for
authorizing the methodology used in the Secondary Chemistry Monitoring Program; for
interpreting the results of chemical analyses; for advising the plant on operational
modifications necessary for improved secondary water control; for advising the Plant
Management promptly of off-control chemistry conditions affecting operating status and
recommending
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corrective actions for those conditions; and for reviewing all secondary system
analytical results.
13.1.3.10 Director, Site Maintenance
The Management position(s) for maintenance are responsible for the performance of
corrective, predictive and preventive maintenance, cleanliness controls and modification
installation of mechanical and electrical equipment and instrumentation in accordance
with the QAP and other requirements. A staff of supervisory, technical, administrative,
and contract personnel supports day-to-day maintenance of equipment within their
functional area. The Director, Site Maintenance direct reports are indicated in Figure
13.19.
13.1.4 QUALIFICATIONS OF PLANT PERSONNEL
13.1.4.1 Qualifications of Plant Staff
The qualifications of individual members of the plant staff meet or exceed the minimum
qualification requirements for comparable positions referenced in ANSI N18.1-1971, as
supplemented by Regulatory Guide 1.8, September 1975, with the exception of members
of operating shift crews who require a 10 CFR 55 license, non-licensed operators,
technicians, and repairmen.
The Director, Radiation Protection or members of the supervisory staff meet or exceed
the qualification requirements of Regulatory Guide 1.8, September 1975, for a radiation
protection manager.
Licensed Senior Reactor Operators and licensed Reactor Operators are qualified in
accordance with 10 CFR 55. As a minimum, the Manager, Operations, or the Assistant
Operations Manager of Shifts, and the Shift Managers, and Control Room Foremen have
Senior Reactor Operator Licenses.
The following personnel who provide onsite or offsite support to Ginna are qualified in
accordance with 10 CFR 50.120:
1. Non-licensed operators.
2. Shift Managers (supervisory duties).
3. Shift Technical Advisors.
4. Instrument and Control Technicians.
5. Electrical Maintenance personnel.
6. Mechanical Maintenance personnel.
7. Radiation Protection Technicians.
8. Chemistry Technicians.
9. Engineering support personnel.
13.1.4.2

Qualifications of Incumbent Plant Personnel

The qualifications in the form of resumes of individual key plant managerial and supervisory
personnel at the time of initial plant startup were included in the original FSAR.
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REFERENCES FOR SECTION 13.1
1.

EPM-FPPR, Ginna Station Fire Protection Program Report, Volumes 1, 2, and 3.
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13.2

TRAINING PROGRAM

13.2.1

PLANT STAFF TRAINING PROGRAM

13.2.1.1

Objectives

The objectives of the staff training programs for the R. E. Ginna Nuclear Power Plant are as
follows:
A. Train a staff to operate and maintain the nuclear plant safely, dependably, and economically.
B. Prepare the maintenance personnel for their functions necessary to the support and safety of
plant operation.
C. Prepare shift supervisors and control room personnel for the NRC qualification
examination for reactor operator and senior reactor operator.
13.2.1.2

Initial Training Programs (Historical)

13.2.1.2.1

Personnel Selection

The personnel chosen for the initial operating staff of Ginna Station were selected following
evaluation of their aptitude in company-sponsored courses in nuclear engineering and their
previous power plant experience. Following this selection, they were carefully screened by
Westinghouse preplacement aptitude tests. These tests were professionally administered
psychological and technical aptitude examinations used to evaluate the adaptability of the
applicant to nuclear power plant operation. The technical preparation of personnel for the
plant was a continuing project starting in 1963.
13.2.1.2.2

Nuclear Theory

Table 13.2-1 summarizes the training program for the initial Ginna Station staff. The training
program began in November 1963. A nuclear engineering course was taught by Dr. John W.
Bartlett of the University of Rochester. This was an introduction to nuclear power course and
consisted of 18 evening lectures, one per week, with the last lecture on March 30, 1964. A
nuclear theory course under the direction of Dr. Leonard Geller of Stoller Associates began
on September 14, 1965. This graduate level course of 153 hr was conducted for
approximately 45 employees from the Production, Chemical Laboratory, Employee Relations,
Public Relations, Engineering, and Load Dispatcher Departments. The 51 sessions covered
the following material:
Four sessions

math refresher.

One session

introduction to nuclear program.

Ten sessions

atomic and nuclear physics.

Eleven sessions

nuclear reactor theory.

Five sessions

thermal design of nuclear plants.

Six sessions

radiation effects and shielding.
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Five sessions

control and instrumentation.

Three sessions

auxiliary reactor systems.

Six sessions

reactor containment and hazards analysis.

In conjunction with the above-mentioned course, a nuclear theory laboratory course was
conducted at the University of Rochester under the direction of Dr. John W. Bartlett. This
consisted of thirteen 3-hour laboratory classes where nuclear experiments were carried out.
The next phase of the training program began on January 3, 1967. It was conducted by
Westinghouse in conformance with the reactor operator training program then in use, to
prepare applicants for the AEC reactor operator licensing examinations.
13.2.1.2.3

Plant Systems and Operations

Ten weeks of the Westinghouse program were held at the Westinghouse Reactor Evaluation
Center, Waltz Mill Site, Madison, Pennsylvania. Lectures were given on:
•

Atomic, nuclear, and reactor physics.

•

Reactor operations and instrumentation.

•

Reactor engineering and PWR technology.

•

Radiation protection and reactor safety.

One week was devoted to group reactor core loading exercises including criticality
experiments on the Critical Experiment Station reactor. Two weeks were spent at the Critical
Experiment Station reactor facility by each trainee for individual console operations and data
handling. During this time, each trainee performed at least 30 reactor startups on the Critical
Experiment Station reactor.
Twenty-three weeks of the Westinghouse program were conducted at the Saxton Nuclear
Experimental Corporation (SNEC) PWR facility in Saxton, Pennsylvania. Here, the basic
knowledge gained at Westinghouse Reactor Evaluation Center was applied to a PWR plant.
Classroom lectures were given so that each trainee became familiar with the SNEC radiation
protection program, evacuation procedures, and all systems in the plant. All trainees worked
shift work for several weeks to get practical experience on a PWR unit. Each trainee had at
least two full startups of the reactor. Also, while at SNEC, each trainee witnessed reactor
head removal and fuel handling.
The remaining 6 weeks of the Westinghouse program were devoted to a lecture series on
systems and components of the R. E. Ginna Nuclear Power Plant. The offsite part of the
Westinghouse training program ended on October 13, 1967.
13.2.1.2.4

Final Phase

The final phase of the Westinghouse training program began at the plant site in October 1967.
During this phase, fundamentals of reactor theory and chemistry were reviewed. Plant
systems and operations were studied, observed during construction, and operated during
check out.
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Key supervisory plant personnel, including shift foremen, were prepared for the AEC senior
operator license examination prior to initial criticality. To this end, training consisted of
operating experience at existing PWR plants, or the equivalent, where they were administered
an AEC operator examination.
Plant operating personnel, as a team, conducted tests of plant systems, wrote emergency and
operating procedures, and prepared the proposed Technical Specifications.
13.2.1.3

Onsite Training Prior to Startup

The onsite training school program began in the spring of 1968. It was expected that initial
criticality would occur approximately 11 months after the start of the training school, leaving
ample time for the proper training of personnel. The instructors for the school were members
of the supervisory staff of the RG&E operating department and technical personnel from the
engineering group. The latter group discussed the systems and their components from the
designer's viewpoint. Engineering and scientific personnel from Westinghouse and Gilbert
Associates, Inc., assisted in presentations covering design aspects of equipment supplied by
their respective organizations. Technical consultants and other vendor representatives were
invited to discuss topics of special interest.
The instructional responsibilities were divided among the plant supervisory staff as follows:
Plant Engineer

Atomic structure, nuclear theory, reactor physics, and the
containment

Maintenance Engineer

Reactor kinetics, primary coolant system and components,
fuel handling, and emergency procedures.

Reactor Engineer

Basics of electricity, plant electrical systems, reactor control,
core layout, safety injection system, and administrative
procedures.

Results and Test Engineer

Radiation detection, nuclear instrumentation, and auxiliary
coolant system.

Operations Engineer

Chemical and volume control system and operating instructions.

Assistant Plant Superintendent

Radioactive waste treatment, Technical Specifications, and
site contingency procedures.

Plant Superintendent

Secondary plant systems.

Health Physics Department

Radiation protection, health physics, plant ventilation, water
treatment, and sampling.

Westinghouse Training
Coordinator

Instrumentation and control.
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The supervisory staff was heavily assisted in class preparation and presentation by the six
shift foreman candidates.
All reactor operator trainees were experienced power plant operators. During the training
program, time was allowed so that plant systems and operations were studied, observed
during construction, and operated during checkout.
13.2.2

REPLACEMENT AND RETRAINING OF PERSONNEL

13.2.2.1

Licensed Operator Replacement and Requalification Training

The program for replacement and requalification of licensed operators is in accordance with
10 CFR 55 and is based on a systems approach to training. The program was accredited by
the National Nuclear Accrediting Board in February 1987 (Reference 1).

13.2.2.2

Replacement and Retraining of Unlicensed Personnel

The program for replacement and retraining of the following personnel who provide onsite or
offsite support to Ginna Station is based on a systems approach to training and is in
accordance with 10 CFR 50.120:
•

Non-licensed operators.

•

Shift Supervisors (supervisory duties).

•

Shift Technical Advisors.

•

Instrument and Control Technicians.

•

Electrical Maintenance personnel.

•

Mechanical Maintenance personnel.

•

Radiation Protection Technicians.

•

Chemistry Technicians.

•

Engineering support personnel.

The replacement and retraining of other unlicensed plant personnel within the Ginna Station
operating organization is in accordance with Section 5.5 of ANSI N18.1-1971.
The training of Ginna Station and offsite agency personnel for execution of the station
Emergency Plan is described in the Emergency Plan and implementing procedures referenced
in Section 13.3.
Training for the fire brigade is discussed in the Fire Protection Program Report (Reference 2).
13.2.2.3

General Employee Training

Personnel requiring unescorted access to Ginna Station are required to attend classroom
training in the following areas:
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•

General description of plant facilities and administrative controls.

•

Security program.

•

Industrial safety program.

•

Fire protection program.

•

Station emergency program.

•

Quality assurance program.

•

Radiological Health and Safety Program (required of all personnel entering radiologically
restricted areas).

•

Other training appropriate to an individual job or functional assignment as identified by
their immediate supervisor.

Radiation Protection training includes "hands-on" training with radiation protection
monitoring devices and the donning of protective clothing. Plant personnel are also required
to attend a retraining program based on a systematic approach to training in accordance with
INPO guidelines.
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REFERENCES FOR SECTION 13.2
1. Letter from R. C. Mecredy, RG&E, to Document Control Desk, NRC, Subject:
Certification of Licensed Operator Requalification Training Program, dated May 25, 1989.
2. EPM-FPPR, Ginna Station Fire Protection Program Report, Volumes 1, 2, and 3.
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Table 13.2-1
INITIAL GINNA STATION PERSONNEL TRAINING
Westinghouse
Dr.
Bartletta

Dr. Gellera

Dr. Bartlett
Laboratorya

Waltz Mlls,
Paa

Saxton, Paa

Onsiteb

Superintendent

X

X

X

X

X

X

X

Assistant Superintendent

X

X

X

X

X

X

X

Operations Engineer

X

X

X

X

X

X

X

Maintenance Engineer

X

X

X

X

X

X

X

Nuclear Engineer

X

X

X

X

X

X

Results and Test Engineer

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Trainees

Shift Foreman

X

Licensed operators

X

Nonlicensed operators
Supervisor of Chemistry and Health
Physics

X

Health Physicist

Experience
in Health
Physics

X

X

X

X

X

X

X

X

Health Physics Technicians
Maintenance personnel

Masters
Degree in
Health
Physics

Onsite
Training in
Health
Physicsb

X
X

Xc

Office personnel

X

Chemistry Technicians

X

a.
b.

Description in Section 13.2.1.2.

Description in Section 13.2.1.3.
c.

Not all.
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13.3

EMERGENCY PLANNING

The Ginna Station Nuclear Emergency Response Plan has been submitted to the NRC as a
separate document. The Emergency Plan Implementing Procedures have also been submitted
to the NRC.
Provisions have been made for periodic review and updating of the Nuclear Emergency
Response Plan and Emergency Plan Implementing Procedures and for informing individuals
and organizations that have responsibility for implementation of significant revisions to the
plan and/or procedures.
The New York State Emergency Plan for Radiation Accidents, the New York State Bureau of
Radiological Health Specific Operating Procedure for the Ginna Site, and the Monroe County
and Wayne County radiation emergency response plans have been submitted to the NRC.
These plans are submitted to the Federal Emergency Management Agency (FEMA) by New
York State when revised and are submitted to the NRC for information.
An onsite Technical Support Center (TSC), Operational Support Center (OSC), and Survey
Center have been established. Also, an offsite Emergency Operations Facility (EOF) has
been established. Emergency support facilities have been upgraded to meet the requirements
of NUREG 0737, Item III.A.1.2.
The offsite Emergency Operations Facility (EOF), including the Joint Information Center
(JIC) and the offsite Survey Center, are located at 1255 Research Forest, Gananda Region of
the Town of Macedon, New York. This facility is approximately 12.5 miles south of Ginna
Station.
The Technical Support Center (TSC) is located adjacent to the turbine building on the second
floor of the all-volatile-treatment building. The Operations Support Center (OSC) is located
in the Outage Control Center (OCC), which is in the Ginna Service Building. The Survey
Center (SC) is located in the EOF. The FEMA has determined that the alert and notification
system installed around Ginna Station satisfies the requirements of NUREG
0654/FEMAREP-1, Rev. 1, and FEMA-43, and provides reasonable assurance that the system
is adequate to promptly alert and notify the public in the event of a radiological emergency at
the site.
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13.4

REVIEW AND AUDIT

Three separate organizational units have been established for the purpose of review and audit
of plant operations and safety-related matters. One of these is an onsite review group, the
Plant Operations Review Committee (PORC). The second is the independent review group,
the Nuclear Safety Review Board (NSRB). The third is the Nuclear Oversight (NOS) group,
which performs independent audit and quality verification functions.
13.4.1

ONSITE REVIEW

Plant Operations Review Committee
The PORC is described in the Quality Assurance Topical Report (QATR). Review of
changes to the program are conducted in accordance with 10 CFR 50.54(a).
13.4.2

INDEPENDENT REVIEW

Nuclear Safety Audit and Review Board
The NSRB is described in the Quality Assurance Topical Report (QATR). Changes to the
Quality Assurance Topical Report (QATR) are conducted in accordance with 10 CFR
50.54(a).
13.4.3
13.4.3.1

AUDIT PROGRAM
Nuclear Safety Review Board

The NSRB is required to ensure that independent reviews and audits of activities are
performed. Applicable audits are established and described, including minimum frequency,
in the Quality Assurance Topical Report (QATR).
13.4.3.2

Nuclear Oversight (NOS)

NOS’s organization, qualifications, responsibilities, and training of quality assurance
personnel responsible for audits of safety-related activities are outlined in the Quality
Assurance Topical Report (QATR).
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PLANT PROCEDURES

13.5
13.5.1

ADMINISTRATIVE PROCEDURES

13.5.1.1

Conformance With Regulatory Guide 1.33

The administrative procedures for Ginna Station are maintained consistent with the
commitments discussed in the Quality Assurance Topical Report (QATR) cited in UFSAR
Section 17.2.
13.5.1.2

Preparation of Procedures

Cognizant station managers are responsible for initiating, preparing, and controlling plant
procedures consistent with their responsibilities and for ensuring that any activity is
performed in accordance with the latest applicable procedures. The Administrative Controls
section of the Technical Specifications require that written procedures be established,
implemented, and maintained covering the following activities:
A. The applicable procedures recommended in Regulatory Guide 1.33, Revision 2, Appendix
A, February 1978.
B. The emergency operating procedures required to implement the requirements of
NUREG0737 and NUREG-0737, Supplement 1, as stated in Generic Letter 82-33.
C. Effluent and environmental monitoring.
D. Fire Protection Program implementation.
E. All other programs specified in the Programs and Manuals subsection of the Administrative
Controls section of Technical Specifications.
The preparation, changing, revising, approval, updating, and document control of station
procedures is controlled by the Quality Assurance Topical Report (QATR) and approved
procedures.
13.5.1.3

Description of Administrative Procedures

Administrative procedures included in the applicable categories cited in Section 13.5.1.2 are
available at the station for NRC review.
13.5.2

OPERATING AND MAINTENANCE PROCEDURES

13.5.2.1

Control Room Operating Procedures

Control room operating procedures include the following categories which are available at
the station for NRC review:
•

General operating procedures.

•

System operating procedures.

•

Emergency operating procedures.

•

Turbine plant operating procedures.
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•

MODE 6 (Refueling) procedures.

•

MODE 6 (Refueling) shutdown surveillance procedures.

•

Alarm response procedures.

•

Precautions, limitations, and setpoints.

13.5.2.2

Site Contingency Procedures

13.5.2.2.1

General

Site contingency procedures have been developed to ensure that proper action is taken in the
event of an emergency.
Procedures have been prepared for many emergencies including the following: high radiation,
adverse weather, high water or flood, earthquake, fire, and bomb threat. The Nuclear
Emergency Response Plan implementing procedures are discussed in Section 13.3. Bomb
threat is covered in the Security Plan (see Section 13.6).
13.5.2.2.2

Adverse Weather Conditions

The adverse weather emergency plan describes the operator actions to be taken in the event of
high winds, tornadoes, and ice storm conditions which could occur.
13.5.2.2.2.1

High Winds

The Shift Manager should be in communication with RG&E Energy Operations in regard to
weather conditions if high winds are approaching the area. The Shift Manager will be kept
informed of their course and intensity and of any changes in the forecast.
If, in the judgment of the Shift Manager, a question of the plant safety exists, the unit will be
shut down.
13.5.2.2.2.2

Tornadoes

If area weather conditions are such that tornadoes are possible in the plant area, as determined
from information supplied by RG&E Energy Operations, the Shift Manager will post a
tornado watch with a radio on the roof of the turbine building.
If the tornado is sighted and observed to be a potential danger, the plant will be placed in a
MODE 3 (Hot Shutdown) condition on orders of the Shift Manager.
13.5.2.2.2.3

Ice Storms

RG&E Energy Operations will keep the Shift Manager informed of the possibility of losing
any transmission lines due to severe ice buildup. Load reduction will be determined through
coordination between Energy Operations and the Shift Manager, dependent on the
consequences of the storm and the need for protection of plant equipment and personnel.
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13.5.2.2.3

High Water or Flood Emergency Plan

The high water or flood emergency plan describes the procedures that are followed in the
event that high water or a flooding condition exists on the plant site. The actions taken will
depend on the following conditions:
Flooding of Deer Creek
An analysis has been performed to determine the potential for site flooding from Deer Creek
due to a major precipitation event. The results of this analysis are documented in the NRC
Safety Assessment Report for SEP Topic II-3.B (Reference 1). It was determined that the
flooding potential from Deer Creek was low. Emergency procedures require the installation
of flood barriers and connection of the alternative cooling water supply to the diesel
generators in the event that the water rises above the handrails of the access road bridge over
Deer Creek.
A large pipe break or equipment failure
An evaluation of high and moderate energy pipe breaks, and potential tank failures has been
conducted during review of SEP Topics III-5.A, III-5.B, and IX-3 (Reference 1). Emergency
procedures provide for use of alternative sources of cooling water to the diesel generators and
suction supply to the auxiliary feedwater systems, in the event of a loss of normal service
water.
High lake level (flood)
If a lake level of 252 ft 0 in. occurs and a continued rise is observed or expected, the event
will be classified as appropriate and closely monitored. If wave action causes splashing over
the discharge canal wall or armor stone, a water level watch will be posted in the screen
house. When water level begins to accumulate on the screen house operating floor, or a lake
level of 253 ft 6 in. is observed, a plant load reduction to MODE 3 (Hot Shutdown) will be
commenced, if necessary.
13.5.2.2.4

Earthquake Emergency Plan

The earthquake emergency plan describes the procedures that will be followed in the event an
earthquake tremor occurs at the plant site. The procedures are designed to protect the plant
personnel and equipment and to ensure the health and safety of the general public. If a tremor
of greater than 0.01g is indicated, an inspection of important plant areas will be conducted. If
any damage to the primary or engineered safety features systems is noted or if an
accelerograph reading of 0.08g or greater is noted, the plant will be shut down.
13.5.2.2.5

Fire Emergency Plan

The fire emergency plan describes the prefire strategy, the equipment, and the procedures that
will be followed in the event of a fire within the facility. The required actions are in
accordance with commitments to 10 CFR 50, Appendix R. The actions to be taken will
depend on the following:
•

Location of the fire.
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•

Severity of the fire.

•

Type of fire.

•

Effect on reactor safety.

The fire emergency plan is designed to detect, extinguish, and set forth procedures of plant
operation in the event of a fire to protect plant equipment and to ensure the health and safety
of the general public and plant personnel.
Ginna Station has contacted the Ontario Volunteer Fire Department and an understanding has
been reached on the extent of assistance and equipment which will be available when needed.
13.5.2.3

Other Procedures

Other procedures include the following:
1. Maintenance procedures.
2. Emergency maintenance procedures.
3. Calibration procedures.
4. Test instrumentation calibration procedures.
5. Periodic test procedures.
6. Protective relay procedures.
7. Special test procedures.
8. Primary chemistry procedures.
9. Radioactive discharge procedures.
10. Radiation protection procedures.
11. Secondary chemistry procedures.
12. Chemistry environmental procedures.
13. Quality control inspection procedures.
14. Inservice inspection procedures.
15. Station modification procedures.
16. Ginna security procedures.
All operating, testing, and maintenance procedures are considered to be technical procedures.
These procedures emphasize the precautions to be taken as well as the methods required for
performing the work. Operating and special precautions are delineated as necessary in the
procedures.
Maintenance at Ginna Station can be grouped into two categories: preventive or scheduled
maintenance and troubleshooting or repair of equipment required to support operations.
Preventive maintenance is scheduled during unit shutdown periods and during scheduled
system outages while the unit in online. Breakdown maintenance is done immediately in
accordance with provisions outlined in the Technical Specifications.
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The planner identifies the need for a Radiation Work Permit in the work package, if required.
In the event maintenance is required in a restricted area or on potentially contaminated
equipment, Radiation Protection personnel will either be contacted or a Radiation Work
Permit identified in the work package.
The Ginna holding rules must be followed for the maintenance of all equipment. Holding
rules are established by a Ginna Station procedure and have as their purpose to isolate
equipment to make it safe for work to be performed.
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REFERENCES FOR SECTION 13.5
1.

Letter from D. M. Crutchfield, NRC, to J. E. Maier, RG&E, Subject: Supplement to the
Integrated Plant Safety Assessment Report for the R. E. Ginna Nuclear Power Plant,
dated August 31, 1983.
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13.6

INDUSTRIAL SECURITY

The Exelon plans for physical protection of Ginna Station are described in the NRC-approved
plans which are withheld from public disclosure pursuant to 10 CFR 2.790(d) and 10 CFR
73.21. These plans are the Robert E. Ginna Station Physical Security Plan and the Safeguards
Contingency Plan. The plans conform to the requirements of appropriate federal regulations
governing security activities of nuclear power reactors. Changes to the plans are made in
compliance with 10 CFR 50.54(p) or 10 CFR 50.90 as applicable.
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Figure 13.1-1 Site Vice President
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Figure 13.1-2 Plant Manager
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Figure 13.1-3 Ginna Engineering
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Figure 13.1-4 Site Work Management
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Figure 13.1-5 Nuclear Training
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Figure 13.1-6 Ginna Operations
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Figure 13.1-7 Ginna Radiation Protection
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Figure 13.1-8 Chemistry
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Figure 13.1-9 Ginna Maintenance
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14.1

SUMMARY OF TEST PROGRAM AND OBJECTIVES

Chapter 14 is a historic summary of the initial startup testing programs conducted for the R.
E. Ginna Nuclear Power Plant, both at 1300 and 1520 MWt. Therefore, many of the system
parameters, such as setpoints, flows, operating modes, and operating procedures have
changed and no longer accurately reflect the present plant configuration and variables.
14.1.1
14.1.1.1

STARTUP AND POWER TESTING AT 1300 MEGAWATTS THERMAL
Summary

During the transition from a construction-oriented job to a commercial power producing
plant, equipment and systems were tested to prove their capability in accordance with design
criteria.
The initial startup test program at the R. E. Ginna Nuclear Power Plant was performed in
order to ensure the safe and efficient operation of the plant up to its initial rating of 1300
MWt. The reactor was shown to be stable at all power levels up to 1300 MWt with induced
disturbances to the reactor system. Perturbations to the secondary system were 10% load
swings, 50% load reductions, and 100% turbine trip. Control rods were used for a dynamic
rod drop test, ejected and dropped rod worth measurements, and a xenon oscillation test.
Maximum and/or minimum values of critical reactor system parameters during plant transient
tests were within allowable limits. In addition, core thermal-hydraulic limits were not
exceeded for steady-state or transient situations.
The startup and power testing program results substantiated design predictions. The core
thermal and hydraulic performances showed that the core operated within the specified
thermal and hydraulic limits. Reactor system stability measurements were within applicable
criteria. Control rod reactivity worth measurements and rod insertion scram times were
satisfactory.
The results of the preoperational testing program and the operational and transient tests for
operation up to 1300 MWt were reported to the NRC in the Technical Supplement
Accompanying Application to Increase Power, February 1971 (Reference 1). The staff
reviewed and reported on these results in the Safety Evaluation issued by letter dated January
20, 1972 (Reference 2).
This section (14.1.1) lists the planned initial tests and test objectives from preoperational tests
through completion of the 100-hour rated full power acceptance test at 1300 MWt. Section
14.1.2 summarizes the test program conducted in March and April 1972 to increase rated
power output from 1300 to 1520 MWt. Section 14.6.1 includes the individual test
descriptions for the initial (1300 MWt) startup test program. Section 14.6.2 describes the test
program for increasing rated power from 1300 to 1520 MWt.
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14.1.1.2
14.1.1.2.1

Tests Prior to Reactor Fueling
Summary

Rochester Gas and Electric Corporation in cooperation with Westinghouse Electric
Corporation prepared detailed test procedures prior to scheduled initial testing of systems and
determination of reactor physics parameters.
The tests conducted on the engineered safety systems were included under the tests of the
containment system, safety injection system, the containment spray system, and the
containment recirculation fan coolers (CRFC) and filtration system.
The test objectives incorporated testing of redundant equipment where it was involved.
Abnormal plant conditions were simulated during testing when such conditions did not
endanger personnel or equipment or contaminate clean systems. Where predicted emergency
or abnormal conditions were involved in the testing program, the detailed operation was
provided in the test procedure.
The acceptance criterion for all components and systems was that the test results were
acceptable when the test objectives were met within the design specification limits and within
the applicable Technical Specifications.
The following is an extensive tabulation of major startup tests and operations performed to
place the equipment in the specified system in service. The systems and items tested are
listed in approximately chronological order.
1. Switchgear system.
2. Voice communications system.
3. Service water (SW) system.
4. Fire protection system.
5. Instrument and service air systems.
6. Nitrogen storage system.
7. Reactor coolant system cleaning.
8. Reactor containment air circulation system.
9. Feedwater and condensate circulation systems.
10. Auxiliary coolant system.
11. Chemical feed system.
12. Chemical and volume control system.
13. Containment spray.
14. Safety injection system.
15. Fuel handling system.
16. Reactor containment high pressure test.
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17. Cold hydrostatic tests.
18. Radiation monitoring system.
19. Nuclear instrumentation system.
20. Radioactive waste disposal system.
21. Sampling system.
22. Hot functional tests.
•

Reactor coolant system.

•

Chemical and volume control system.

•

Sampling system.

•

Auxiliary coolant system.

•

Safety injection system.

•

Waste disposal system.

•

Ventilation system.

23. Primary system safety valves tests.
24. Turbine steam seal and blowdown systems.
25. Emergency diesel electric system.
14.1.1.2.2

Test Objectives

The objectives of the tests prior to reactor fueling were as follows:
1. Switchgear system (electrical tests).
Ensure continuity, circuit integrity, and the correct and reliable functioning of electrical
apparatus. Electrical tests will be performed on transformers, switchgear, turbine generator,
motors, cables, control circuits, excitation switchgear, dc system, annunciator system,
lighting distribution switchboard, communication system, and miscellaneous equipment.
Special attention will be directed to the following tests:
A.

480-V switchgear breaker interlock test.

B.

Station loss of voltage auto-transfer test.

C.

Critical power transfer test.

D.

Tests of protection devices.

E.

Equipment automatic start tests.

F.

Check exciter for proper voltage buildup.

2. Voice communication systems.
Verify proper communication between all intraplant stations, for interconnection to
commercial phone service and to balance and adjust amplifiers and speakers.
3. Service water (SW) system.
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Verify, prior to critical operations, the design head and capacity characteristics of the
service water (SW) pumps, the system design flow rate through all heat exchangers, and
the specified requirements when operated in the safeguards mode.
4. Fire protection system.
Verify proper operation of the system by ensuring that the design specifications are met for
the fire service booster pump and the fire service pumps, checking that automatic start
functions operate as designed, and that level and pressure controls meet specifications.
5. Instrument and service air systems.
Verify the operation of all compressors to design specifications, the manual and automatic
operation of controls at design setpoints, design air-dryer cycle time and moisture content
of discharge air, and proper air pressure to each instrument served by the system.
6. Nitrogen storage system.
Verify system integrity, valve operability, regulating and reducing station performance, and
the ability to supply nitrogen to interconnecting systems as required.
7. Reactor coolant system cleaning.
Flush and clean the reactor coolant and related primary systems to obtain the degree of
cleanliness required for the intended service. Provisions to maintain cleanliness integrity
and protection from contamination sources will be made after system cleaning and
acceptance. The system, component, or section of a system shall be considered clean when
the flush cloth shows no grindings, filings, or insoluble particulate matter larger than 40
microns (lower limit of naked eye visibility). After systems have been flushed clean of
particulate matter within the limit specified, the cleanliness integrity of the system will be
maintained filled with water which meets the system cold chemistry requirement. After fill
and pressurization and prior to hot operation, cold chemistry requirements will be
maintained. Oxygen will be analyzed and brought into specification prior to exceeding
200F.
8. Reactor containment air circulating system.
Verify, prior to critical operation, the fan capacities and the remote and automatic operation
of system louvers and valves in accordance with the design specifications.
9. Feedwater and condensate circulation systems.
Verify valve and control operability and setpoints, flushing and hydro as applicable, and
inspection for completeness and integrity. Functional testing will be performed when a
steam supply is available.
10. Auxiliary coolant system.
Verify component cooling flow to all components and proper operation of instrumentation,
controllers, and alarms. Specifically, each of the three loops (i.e., component cooling loop,
residual heat removal loop, and spent fuel pool (SFP) cooling loop) will be tested to ensure
the following:
A.

All manual and remotely operated valves are operable manually and/or remotely.

B.

All pumps perform according to manufacturers' specifications.
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C.

All temperature, flow, level, and pressure controllers function to control at the
required setpoint when supplied with appropriate signals.

D.

All temperature, flow, level, and pressure alarms provide alarms at the required
locations when the alarm setpoint is reached and clear when the reset point is
reached.

E.

Design flow rates established through heat exchangers.

11. Chemical feed system.
Verify valve and control operability and setpoints, flushing and hydro as applicable,
inspection for completeness and integrity. Functional testing will be performed when a
steam supply is available.
12. Chemical and volume control system.
Verify, prior to critical operation, that the system functions as specified in the system
description and appropriate technical manuals, more specifically:
A.

All manual and remotely operated valves are operable manually and/or remotely.

B.

All pumps perform to manufacturers' specifications.

C.

All temperature, flow, level, and pressure controllers function to control at the
required setpoint when supplied with appropriate signals.

D.

All temperature, flow, level, and pressure alarms provide alarms at the required
locations when the alarm setpoint is reached and clear when the reset point is
reached.

E.

The reactor makeup control controls blending, dilution, and boration as designed.

F.

The design seal-water flow rates are attainable to each reactor coolant pump.

G.

The boric acid evaporator package functions as specified in the manufacturers'
technical manuals.

13. Containment spray.
Verify performance of the containment spray pumps.
14. Safety injection system.
Verify, prior to critical operation, response to control signals and sequencing of the pumps,
valves, and controllers of this system as specified in the system description and the
manufacturers' technical manuals, and check the time required to actuate the system after a
safety injection signal is received; more specifically:
A.

All manual and remotely operated valves are operable manually and/or remotely.

B.

All pumps perform their design functions satisfactorily.

C.

For each pair of valves to redundant flow paths, disabling one of the valves does not
impair remote operation of the other.

D.

The proper sequencing of valves and pumps occurs on initiation of a safety injection
signal.

E.

The fail position on loss of power for each remotely operated valve is as specified.
Page 6 of 77

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 14 INITIAL TEST PROGRAM

F.

Valves requiring coincidence signals of safety injection and high containment pressure
operate when supplied with these signals.

G.

All level and pressure units are set at the specified points and provide alarms at the
required locations, and clear when the reset point is reached.

H.

The time required to actuate the system is within the design specifications.

15. Fuel handling system.
Show that the system design is capable of providing a safe and effective means of transporting
and handling fuel from the time it reaches the plant until it leaves the plant. In particular, the
tests will be designed to verify:
A.

The major structures required for MODE 6 (Refueling), such as the reactor cavity,
refueling canal, spent fuel storage, and decontamination facilities, are in accordance
with the design specifications.

B.

The major equipment required for MODE 6 (Refueling), such as the manipulator
crane, spent fuel pool (SFP) bridge, and fuel transfer system, operate in accordance
with the design specifications.

C.

All auxiliary equipment and instrumentation function properly.

16. Reactor containment high pressure test.
Verify, prior to critical operation, the structural integrity and leaktightness of the
containment.
17. Cold hydrostatic tests.
Verify the integrity and leaktightness of the reactor coolant system and related primary
systems with the performance of a hydrostatic test at the specified test pressure with no visible
leakage nor distortion.
18. Radiation monitoring system.
Verify the calibration, operability, and alarm setpoints of all radiation level monitors, air
particulate monitors, gas monitors, and liquid monitors which are included in the
operational radiation monitoring system and the area radiation monitoring system.
19. Nuclear instrumentation system.
Ensure that the instrumentation system is capable of monitoring the reactor leakage neutron
flux from source range through 120% of full power and that protective functions are operating
properly. In particular, the tests will be designed to verify:
A.

All system equipment, cabling, and interconnections have been properly installed.

B.

The source range detector and associated instrumentation respond to neutron level
changes and that the source range protection (high-flux-level reactor trip) as well as
alarm features and audible count rate operate properly.

C.

The intermediate range instrumentation, reactor protective and control features, highlevel reactor trip, and high-level rod stop signals operate properly and that permissive
signals for blocking source range trip and source range "high voltage off" operate
properly.
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D.

The power range instrumentation operates properly and that the protective features
such as the overpower trips, permissive, and dropped-rod functions operate with the
required redundancy and separation through the associated logic matrices, and nuclear
power signals to other systems are available and operating properly.

E.

All auxiliary equipment such as the comparator and startup rate channel, recorders,
and indicators operate as specified.

F.

All instruments are properly calibrated and all setpoints and alarms are properly set.

20. Radioactive waste disposal system.
Verify satisfactory flow characteristics through the equipment, demonstrate satisfactory
performance of pumps and instruments, check for leaktightness of piping and equipment,
and verify proper operation of alarms, instrumentation, and controls. More specifically
verify that:
A.

All piping and components are properly installed as per design specifications.

B.

All manual and automatic valves are operable.

C.

All instrument controllers operate to control process at required values.

D.

All process alarms operate at required locations.

E.

All pumps perform to manufacturer's specifications.

F.

All pumps indication and controls are operable at designated stations.

G.

The waste gas compressors packages operate as specified in manufacturer's technical
manual.

H.

The gas analyzer operates as specified in the manufacturer's technical manual.

I.

The waste boiler operates as specified in the manufacturer's technical manual.

J.

The hydrogen and nitrogen supply packages are sufficient for all modes of operation.

21. Sampling system.
Verify that a specified quantity of representative fluid can be obtained safely and at design
conditions from each sampling point. In particular, the tests will be designed to verify:
A.

All system piping and components are properly installed.

B.

All remotely and manually operated valving operates in accordance with the design
specifications.

C.

All sample containers and quick-disconnect couplings function properly and as
specified.

22. Hot functional tests.
The reactor coolant system will be tested to check heatup (using pump heat) and cooldown
procedures, demonstrate satisfactory performance of components prior to installation of the
core, verify proper operation of instrumentation, controllers, and alarms, and provide
operating conditions for checkout of auxiliary systems.
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The chemical and volume control system will be tested to determine that water can be
charged at rated flow against normal reactor coolant system pressure, check letdown flow
against design rate for each pressure reduction station, determine the response of the system
to changes in pressurizer level, check procedures and components used in boric acid
batching and transfer operations, check operation of the reactor makeup control, check
operation of the excess letdown and seal-water flowpath, and verify proper operation of
instrumentation, controllers, and alarms.
The sampling system will be tested to determine that a specified quantity of representative
fluid can be obtained safely and at design conditions from each sampling point.
The auxiliary coolant system will be tested to evaluate its ability to remove heat from
reactor coolant, verify component cooling flow to all components, and verify proper
operation of instrumentation, controllers, and alarms.
The safety injection system will be tested to check the time required to actuate the system
after a safety injection signal is received, check that pumps and motor-operated valves are
properly sequenced, and verify proper operation of instrumentation, controllers, and alarms.
The radioactive waste disposal system will be tested to verify satisfactory flow
characteristics through the equipment, demonstrate satisfactory performance of pumps and
instruments, check for leaktightness of piping and equipment, and verify proper operation
of alarms.
The ventilation system will be tested to adjust proper flow characteristics of ducts and
equipment, demonstrate satisfactory performance of fans, filters, and coolers, and verify
proper operation of instruments and alarms.
23. Primary system safety valves test.
Test and set pressurizer safety and relief valves to ensure that each valve lifts, relieves
excess pressure, and reseats.
24. Turbine steam seal and blowdown systems.
Verify valve and control operability and setpoints, flushing and hydro as applicable,
inspection for completeness and integrity. Functional testing will be performed when a
steam supply is available.
25. Emergency diesel electric system.
Demonstrate that the system is capable of providing power for operation of vital equipment
under power failure conditions. In particular the tests will be designed to verify:
A.

All system components have been properly installed.

B.

The emergency diesels function according to the design specification under
emergency conditions.

C.

The emergency units are capable of supplying the required power to vital equipment
under emergency conditions.

D.

All redundant features of the system function according to the design specifications.
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14.1.1.3
14.1.1.3.1

Final Plant Preparation
Core Loading

The as-loaded core configuration was specified as part of the fuel core design studies
conducted well in advance of plant startup and as such was not normally subject to change at
plant startup. In the relatively unlikely event that mechanical damage was sustained during
core loading operations by a fuel assembly of a type for which no spare was available onsite,
a previously examined alternate core loading scheme whose characteristics closely
approximate those of the initially prescribed pattern was to be invoked.
The core was assembled in the reactor vessel in water containing enough dissolved boric acid
(usually at least 2000 ppm) to maintain the core multiplication constant at 0.90 or lower and
was not subsequently distributed or changed until the end of the core cycle. Core moderator
chemistry conditions (particularly, boron concentration) were prescribed in the core loading
procedure document and were verified by chemical analysis of moderator samples every 8
hours during core loading operations.
Core loading instrumentation consisted of two permanently installed plant source range
(pulse-type) nuclear channels and two temporary in-core source range channels plus a third
temporary channel to be used as a spare. The permanent channels were monitored in the
control room by licensed plant operators; the temporary channels were installed in the
containment and were monitored by technical specialists of Westinghouse and by licensed
senior reactor operators of RG&E. At least one plant channel and one temporary channel
were equipped with audible count range indicators. Both plant channels and both regular
temporary channels displayed neutron count rate on count rate meters and strip chart
recorders.
Minimum count rates of two counts per second, attributable to core neutrons, were required
on at least two of the four available nuclear channels at all times during core loading
operations. Two artificial neutron sources, each rated at approximately 200 Ci of Polonium210-alpha activity, were introduced into the core at appropriate specified points in the core
loading program to ensure a neutron population large enough for adequate monitoring of the
core.
Fuel assemblies together with inserted control components (rod cluster control units or
burnable poison inserts) were added to the core one at a time according to a previously
established and approved sequence which had been developed to provide reliable core
monitoring with minimum possibility of core mechanical damage. The core loading
procedure documents included a detailed tabular check sheet which prescribed and verified
the successive movements of each fuel assembly and its specified inserts from its initial
position in the storage racks to its final position in the core. Multiple checks were made of
component serial numbers and types at successive transfer points to guard against possible
inadvertent exchanges or substitutions of components.
An initial nucleus of eight fuel assemblies, the first of which bore an installed neutron source,
had been determined to be the minimum source-fuel nucleus which would permit subsequent
meaningful inverse count rate monitoring. This initial nucleus was known by calculation and
previous experience to be markedly subcritical (kEFF < 0.90) under the required conditions of
loading.
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Subsequent fuel additions were made, one assembly at a time, with detailed inverse count rate
ratio monitoring after each addition. The results of each loading step was evaluated by both
Westinghouse technical specialists and licensed RG&E operations personnel and concurrent
approval to proceed was granted before the next prescribed step could be started.
Criteria for safe loading required that loading operations stop immediately if the following
conditions occurred:
A. The neutron count rates on all responding nuclear channels double during any single
loading step.
B. The neutron count rate on any individual nuclear channel increases by a factor of five
during any single loading step.
A containment evacuation alarm was coupled to the plant source range channels with a
setpoint at five times the current count rate to provide automatic indication of high count rate
during fuel addition.
In the event that an unacceptable increase in count rate were to be observed on any or all
responding nuclear channels, special procedures involving fuel withdrawal from the core,
detector relocation, and charging of additional boric acid into the moderator would have been
invoked by Westinghouse technical specialists with the approval of licensed operational
personnel of RG&E.
Core loading procedures specified alignment of fluid systems to prevent inadvertent dilution
of the reactor coolant, restricted the movement of fuel to minimize the possibility of
mechanical damage, prescribed the conditions under which loading could proceed, identified
chains of responsibility and authority, and provided for continuous and complete fuel and
core component accountability.
14.1.1.3.2

Postloading Tests

Upon completion of core loading and installation of the reactor upper internals and the
pressure vessel head, certain mechanical and electrical tests were performed prior to initial
criticality. The electrical wiring for the rod drive circuits, the rod position indicators, the
reactor trip circuits, and the in-core thermocouples were tested at the time of installation.
Final operational tests were repeated on these electrical items.
Mechanical and electrical tests were performed on the rod cluster control unit drive
mechanisms. Tests included a complete operational checkout of the mechanisms. Checks
were made to ensure that the rod position indicator coil stacks were connected to their proper
position indicators. Similar checks were made on the rod cluster control unit drive coils.
Tests were performed on the reactor trip circuits to test manual trip operation. Actual rod
cluster control unit drop times were measured for each rod cluster control. By use of dummy
signals, the reactor control and protection systems were made to produce trip signals for the
various plant abnormalities that required tripping.
After filling and venting was completed, the final cold hydro tests were conducted.
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A complete electrical and mechanical check was made on the in-core nuclear flux mapping
system at the operating temperature and pressure.
14.1.1.4
14.1.1.4.1

Initial Testing in the Operating Reactor
General

The objectives of the tests performed after the initial core loading until completion of the 100hour rated full power acceptance run are summarized in Table 14.1-1.
Tests which were performed from the initial core loading to rated power are summarized in
Section 14.6.1.
14.1.1.4.2

Initial Criticality

Initial criticality was established by withdrawing the shutdown and control groups of rod
cluster control units from the core, leaving the last-withdrawn control group inserted far
enough to provide effective control when criticality was achieved, and then slowly and
continuously diluting the heavily borated reactor coolant until the chain reaction was selfsustaining.
Successive stages of rod cluster control group withdrawal and of boron concentration
reduction were monitored by observing changes in neutron count rate as indicated by the
regular plant source range nuclear instrumentation as functions of rod cluster control group
position and, subsequently, of primary water addition to the reactor coolant system during
dilution.
Primary safety reliance was based on inverse count rate ratio monitoring as an indication of
the nearness and rate of approach to criticality of the core during rod cluster control group
withdrawal and during reactor coolant boron dilution. The rate of approach toward criticality
was reduced as the reactor approached extrapolated criticality to ensure that effective control
was maintained at all times.
Relevant procedures specified alignment of fluid systems to allow controlled start and stop
and adjustment of the rate at which the approach to criticality could proceed, indicated values
of core conditions under which criticality was expected, and identified chains of
responsibility and authority during reactor operations.
14.1.1.4.3

Zero Power Testing

Upon establishment of criticality, a prescribed program of reactor physics measurements was
undertaken to verify that the basic statics and kinetics characteristics of the core were as
expected and the values of kinetics coefficients assumed in the safeguards analysis were
indeed conservative.
Measurements made at zero power and primarily at or near operating temperature and
pressure included verification of calculated values of rod cluster control group and unit
worths, isothermal temperature coefficient under various core conditions, differential boron
concentration worth, and critical boron concentrations as a function of rod cluster control
group configuration. Preliminary checks on relative power distribution were made in normal
and abnormal rod cluster control unit configurations.
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Concurrent tests were conducted on the plant instrumentation, including the source and
intermediate range nuclear channels. Rod cluster control unit operation and the behavior of
the associated control and indicating circuits were demonstrated and the adequacy of the
control and protection systems were verified under zero power operating conditions.
Detailed procedures specified the sequence of tests and measurements to be conducted and
the conditions under which each was to be performed to ensure the relevancy and consistency
of the results obtained.
14.1.1.4.4

Power Level Escalation

When the operating characteristics of the reactor at zero power had been verified, a program
of power level escalation in successive stages was undertaken. Both reactor and plant
operational characteristics were closely examined at each stage and the relevance of the
safeguards analysis was verified before escalation to the next programmed level was effected.
Reactor physics measurements were made to determine the magnitudes of the power
coefficient of reactivity, rod cluster control group differential worth, and relative power
distribution in the core as functions of power level and rod cluster control group position.
Concurrent determinations of primary and secondary heat balances were made to ensure that
the several indications of plant power level were consistent and to provide the bases for
calibration of the power range nuclear channels. The ability of the reactor control and
protection systems to respond effectively to signals from plant primary and secondary
instrumentation under a variety of conditions encountered in normal operations was verified.
At prescribed power levels the response characteristics of the reactor coolant and steam
systems to dynamic stimuli were evaluated. The responses of system components were
measured for 10% loss of load and recovery, full loss of load, turbine trip, loss of flow, and
trip of a single rod cluster control unit.
Adequacy of radiation shielding was verified by gamma and neutron radiation surveys in the
vicinity of the containment and throughout the plant site.
The sequence of tests, measurements, and intervening operations was prescribed in the power
escalation procedures, together with specific details relating to the conduct of the several tests
and measurements.
14.1.1.4.5

Post Startup Surveillance and Testing Requirements

The equipment verification program was designed to provide assurance that essential
systems, which included equipment components and instrument channels, were always
capable of functioning in accordance with their original design criteria. These requirements
can be separated into two categories:
A. The system must be capable of performing its function, i.e., pumps deliver at design flow
and head, and instrument channels respond to initiating signals within design calibration
and time responses.
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B. Reliability is maintained at levels comparable to those established in the design criteria and
during early plant life.
The testing requirements, as described in the Technical Specifications, establish this
reliability and, in addition, provide the means by which this reliability is continually
reconfirmed. Verification of operation of complete systems is checked at MODE 6
(Refueling) intervals. Individual checks of components and instrumentation are made at more
frequent intervals as outlined in the Technical Specifications.
The techniques used for the testing of instrument channels include a preoperational
calibration which confirms values obtained during factory test programs. These reconfirmed
calibration values become the reference for recalibration maintenance at MODE 6
(Refueling) intervals during plant life. Periodic testing, as defined in the Technical
Specifications, includes the insertion of a predetermined signal that will trip the channel
bistable. Indication of the operation is confirmed and recorded.
Testing of components is initiated through manual actuation. If response times are important,
they are measured and recorded. The capability to deliver output is checked by instrumentation
and compared against design data. Allowable discrepancies are established in the vendor
manuals, performance specifications, and Technical Specifications.
Rochester Gas and Electric Corporation believes that such testing provides a realistic basis
for determining maintenance requirements and as such ensures continued system capabilities,
including reliability, equal to those established in the original criteria.
14.1.2

POWER TEST PROGRAM TO 1520 MEGAWATTS THERMAL

An amendment to the operating license was issued on March 1, 1972, which authorized an
increase in the plant output from 1300 to 1520 MWt. A diverse and thorough testing program
was used in the power escalation performed from March 8 to April 14, 1972.
The program consisted of a number of tests and measurements at power levels of 1300, 1380,
1455, and 1520 MWt. At each of these power levels, in-core flux maps, delta T
measurements, containment radiation surveys, and primary coolant activity measurements
were performed. Additional flux maps were obtained at 1455 MWt to calibrate the axial
offset monitoring. The flux maps, delta T measurements, and the containment radiation
surveys all showed very good agreement with predictions.
The response of system components to increases in core power output was studied. The
reactor was operated for a short period at 1520 MWt and performed satisfactorily. Core
physics parameters agreed well with design data and there was considerable margin to core
safety limits. Core instrumentation continued to accurately reflect the behavior of the core.
A detailed discussion of the uprating test program is included in Section 14.6.2. Rochester
Gas and Electric Corporation reported the results of the test program to the AEC in a letter
dated August 14, 1972 (Reference 3).
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REFERENCES FOR SECTION 14.1
1.

Letter from Lamb, LeBoeuf, Leiby & MacRae to Peter A. Morris, Division of Reactor
Licensing, AEC, Subject: Technical Supplement Accompanying Application to Increase
Power, February 1971, dated February 8, 1971.

2.

Letter from D. V. Skovholt, AEC, to Edward V. Nelson, RG&E, Subject: Safety
Evaluation by the Division of Reactor Licensing, R. E. Ginna Power Increase, Enclosure
3, dated January 20, 1972.

3.

Letter from R. R. Koprowski, RG&E, to E. V. Block, NRC, Subject: R. E. Ginna
Nuclear Power Plant Unit No. 1 Power Escalation to 1520 MWt, March 1972, dated
August 14, 1972.
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Table 14.1-1
INITIAL TESTING SUMMARY - INITIAL CRITICALITY THROUGH 100 - HOUR
ACCEPTANCE TEST
Test

Conditions

Objectives

Acceptance Criteria

Rod cluster
control unit
drop tests

MODE 5 (Cold
Measure the scram time of rod cluster
Shutdown) MODE control units under full flow and no flow
3 (Hot
conditions
shutdown)

Drop time less than value
assumed in safety analysis

Thermocouple/
resistance
temperature
detector
intercalibration

Various
temperatures
during system
heatup at zero
power

Determine in-place isothermal correction
constants for all core exit thermocouples
and reactor coolant resistance temperature
detectors

Resistance temperature
detectors verify that
resistance temperature
detector system meets
setpoint requirements of
Technical Specifications

Nuclear design
check tests

All two
dimensional rod
cluster control
groups
configurations at
hot zero power

Verify that nuclear design predictions for
endpoint boron concentrations, isothermal
temperature coefficients and power
distributions are valid

Rod cluster
control group
calibration

Power
coefficient
measurement

All rod cluster
control groups at
hot zero power

Verify that nuclear design predictions for
control group differential worths with and
without partial length rod cluster control
units are valid

FSAR limiting values for
/T, FH

FSAR limiting values for
/T, /h

FSAR limiting values for
/q

0% to 100% of
full power

Verify that nuclear design predictions for
differential power coefficients are valid

Automatic
control
system
checkout

20%

Verify control system response
characteristics for the steam generator level
control system, rod cluster control
automatic control system, and turbine
control system

Power range
instrumentation
calibration

During static
and/or transient
conditions at 30%,
70%,
90%, and 100%

Verify that setpoints cited in
Verify that all power range
instrumentation consisting of power range Technical Specifications are
met
nuclear channels, in-core flux mapping
system, core exit thermo-couple system and
reactor coolant resistance temperature
detectors is responsive to changes in
reactor power level and power distribution
and to intercalibrate the several systems
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Load swing

10% steps at
30%, 70%,
and 100%

Verify reactor control system
performance

No safety criteria
applicable

Plant trip

Full load rejection
from 30% and
100%

Verify reactor control performance

No safety criteria
applicable

Pressurizer
effectiveness

Hot shutdown

Verify that pressurizer pressure can
be reduced at the required rate by
pressurizer spray actuation

No safety criteria applicable

Circulation
(nuclear heat)

7% of rated
power both
reactor coolant
system pumps off

Verify that natural circulation is
established

Enough natural circulation to
remove long-term residual
heat

Circulation
(partial
cooldown)

Shutdown - both
reactor coolant
system pumps off
- one steam
generator isolated

Verify ability to cooldown with natural
circulation

Partial cooldown
completed

Minimum
shutdown
verification

Hot zero power

Verify the nuclear design prediction
of the minimum shutdown boron
concentration with one “stuck” rod
cluster control unit

Measured minimum
shutdown boron
concentration must be less
than the minimum operating
boron concentration

Pseudo
ejection

Hot zero power

Verify nuclear design predictions of
effects on core reactivity and power
distribution of ejection of one rod cluster
control unit from a fully inserted control
group

Pseudo
ejection

70% of rated
power

Verify nuclear design predictions of effects
on core reactivity and power distribution
of ejection of one rod cluster control unit
from typical operating configuration

FSAR limiting values for
FH, reactivity insertion

Power
redistribution
follow

70% of rated
power

Verify that ex-core nuclear
instrumentation adequately monitors
changes in core power distribution under
transient xenon conditions

FSAR symmetric offset Fz
correlation
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Static rod
cluster
control drop

70% of rated
power


Rod cluster
control
insertion

70% of rated
power

Dynamic rod
cluster control
drop

70% of rated
power

Load
reduction

Part-length
group
operational
maneuvering

Load cycle

Verify that a single rod cluster control unit
Inserted rod detectable
inserted fully or part way below the control with instrumentation
bank can be detected by ex-core nuclear
instrumentation and core exit
thermocouple under typical operating
conditions and to provide bases for
adjustment to protection system setpoints

Determine the effect of a single fully
inserted rod cluster control unit on core
reactivity and core power distribution
under typical operating conditions as
bases for setting turbine runback limits

See next step

Verify automatic detection of dropped
rod, and subsequent automatic rod stop
and turbine cutback

Required power reduction
and rod withdrawal block
accomplished

50% reduction
from 70%
50%
reduction from
100%

Verify reactor control system

No safety criteria
applicable

90%

Verify that part-length rod cluster
control maneuvering scheme is effective
in containing and suppressing spatial
xenon transients

FSAR limiting values for
Fz, FH

40% to 85%

Verify that all plant systems are
capable of sustaining load follow
operations without encountering
unacceptable operational limits through
a typical weekly cycle

FSAR limiting values for
Fz, FH, shutdown
margin

Successful completion of all
mechanical and electrical
and control functional
checks

Turbine
generator
startup

Pre-and postsynchronization

Verify that the turbine generator unit and
associated controls and trips are in good
working order and ready for service

Turbine
generator

30% of rated
power

Verify normal trouble-free performance
of the turbine generator at low power

Control valve

70% of rated
power

Verify capability of exercising control
valves at significant load and evaluate
function of valves and controls

Acceptance
run

100 hr at full
rated power

Verify reliable steady-state full power
capability
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14.2
14.2.1

INITIAL ORGANIZATION AND STAFFING
INITIAL STARTUP AND OPERATING STRUCTURE

The organization chart in Figure 14.2-1 shows the normal complement of full-time employees
for Ginna Station at the time of initial tests and operations. In addition to the 67 employees,
the plant management had available technical advice and services from the consultants in
nuclear engineering, environmental sciences, medicine, and industrial hygiene. During initial
startup and testing of the station, additional personnel were available to assist in the initial
testing of the plant. Westinghouse also provided assistance for precritical tests, core loading,
achieving criticality, post-critical tests, and plant performance tests.
Ultimate responsibility for startup and testing rested with RG&E, the holder of the facility
license.
The plant organization in general was similar to that used successfully in the past for other
RG&E thermal plants. The major difference was the selection and training of the personnel,
the Operations Engineer, and the addition of radiation protection personnel. The
responsibility of the plant organization was to operate the plant efficiently and competently in
a manner consistent with safety to the public and plant personnel. Plant supervision was
under the direction of the Superintendent of Electric and Steam Generation who received
technical support from the RG&E Engineering Department.
14.2.2

ONSITE TRAINING PRIOR TO STARTUP

The onsite training school program began in the spring of 1968. It was expected that initial
criticality would occur approximately 11 months after the start of the training school, leaving
ample time for the proper training of personnel. The instructors for the school were members
of the supervisory staff of the RG&E Operating Department and technical personnel from the
engineering group. The latter group discussed the systems and their components from the
designer"s viewpoint. Engineering and scientific personnel from Westinghouse and Gilbert
Associates, Inc., assisted in presentations covering design aspects of equipment supplied by
their respective organizations. Technical consultants and other vendors" representatives were
invited to discuss topics of special interest.
The instructional responsibilities were divided among the plant supervisory staff as follows:
Plant Engineer

Atomic structure, nuclear theory, reactor physics and the
containment.

Maintenance Engineer

Reactor kinetics, primary coolant system and components, fuel
handling and emergency procedures.

Reactor Engineer

Basics of electricity, plant electrical systems, reactor control, core
layout, safety injection system, and administrative procedures.

Results and Test Engineer

Radiation detection, nuclear instrumentation, and auxiliary
coolant system.

Operations Engineer

Chemical and volume control system and operating instructions.
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Assistant Plant
Superintendent

Radioactive waste treatment, Technical Specifications, and site
contingency procedures.

Plant Superintendent

Secondary plant systems.

Health Physics Department

Radiation protection, health physics, plant ventilation, water
treatment, and sampling.

Westinghouse training
coordinator

Instrumentation and control.

The supervisory staff was heavily assisted in class preparation and presentation by the six
shift foreman candidates.
All reactor operation trainees were experienced power plant operators. During the training
program, time was allowed such that plant systems and operations were studied, observed
during construction, and operated during checkout.
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14.3
14.3.1

TEST PROCEDURES
PRE FUEL LOADING TESTS

Test procedures were written and approved by both Westinghouse and RG&E prior to plant
testing. Westinghouse provided technical direction for the tests; however, all tests and test
procedures were under the control of the Plant Superintendent to ensure that proper emphasis
was placed on safety by all during the tests.
14.3.2

POST FUEL LOADING TESTS

Rochester Gas and Electric Corporation, in association with Westinghouse, developed the
pre-operational and post-operational tests which were to determine the adequacy of design
installation and operability of those systems affecting safety. These tests were conducted
after their approval by both Westinghouse and the RG&E operating and engineering
personnel. All tests were performed under the direction of Westinghouse, using RG&E
personnel as operators and data collectors.
The functional system testing was a joint effort between Westinghouse and RG&E. Rochester
Gas and Electric Corporation personnel actively participated during this testing phase by
performing the various system test requirements and recording all pertinent data.
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14.4
14.4.1

CONDUCT OF TEST PROGRAM
CONDUCT OF INITIAL TEST PROGRAM

The Plant Superintendent was responsible for ensuring that each test had been reviewed by all
responsible parties, that initial plant conditions and prerequisites to the test had been met, and
that proper personnel were available and understood the test procedures and precautions.
As part of the precautions, all licensed senior reactor operators and manufacturers'
representatives whose equipment was being tested were instructed to stop a test or a portion
of a test if the test was not being performed safely or in accordance with the written test
procedures. The test was to be promptly continued only if minor modification to the test
procedure was required and it was approved by the Plant Superintendent, or the
Superintendent's representative, and the Westinghouse representative. If substantial revision
was required, however, the Plant Superintendent had to review the change with the same
approach as a new test procedure before the revision could be approved and the test could be
resumed.
During the post fuel loading test period the lines of authority were as follows: all
Westinghouse instructions were to be issued to the specified senior reactor operator on duty
who would in turn relay all messages to the reactor operator or operating personnel
necessary to perform the task.
If at any time during testing the reactor operators or other responsible cognizant personnel
were to feel that an unsafe condition existed or could occur or the test was not being done in
accordance with procedure, they were to take steps to interrupt the test and put the plant in a
safe condition.
The questionable condition was then to be reviewed by Westinghouse and the RG&E Plant
Operations and Review Committee and the RG&E Nuclear Safety Audit and Review Board
as appropriate. If considered unsafe, the procedure was to be rewritten in a safe manner and
then the test was to be reperformed.
Rochester Gas and Electric Corporation Engineering and consultants and Westinghouse
Design had to agree on the general program including the extrapolations and implications of
previous results, and had to resolve anomalies and approve resolution of disagreement among
the senior operations personnel above.
Administrative responsibility relating to Westinghouse Atomic Power Department (WAPD)
personnel onsite and to normal communications between WAPD personnel onsite and the
customer rested with Westinghouse Nuclear Power Service.
Technical responsibility at each individual phase of actual startup rested with the senior onsite
representative of the functional group most directly concerned with the results of that phase.
In the event of apparent overlap of areas of technical responsibility, resolution had to be
obtained within the functional group.
Onsite representatives of supporting functional groups provided technical advice,
recommendations and assistance in planning and executing the respective phases of plant
startup.
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If apparent deviations of test results from design predictions or acceptance criteria were
revealed or if other apparent anomolies developed, relevant test data were reviewed and, if
necessary, the tests themselves were repeated or supporting tests were made to verify the
results. If the apparent discrepancy or anomoly was found to be real, the situation was
reviewed by the Plant Operations and Review Committee to determine whether a question of
plant safety was involved. If such was found to be the case, evaluation of the effect of the
discrepancy or anomoly on plant safety was accomplished at the appropriate level of review.
If after evaluation it was determined that an unreviewed safety question existed, a detailed
evaluation of the consequences of possible accidents under actual (as opposed to predicted)
conditions was made. Similar testing under more stringent conditions was not resumed until
any questions relating to reactor safety had been resolved satisfactorily.
14.4.2

REVIEW, EVALUATION, AND APPROVAL OF TEST RESULTS

Analysis of test data was made by Westinghouse and RG&E operational and engineering
personnel to ascertain the system capability to operate safely and fulfill all design
specifications.
Equipment and/or systems were considered tested as satisfactory when accepted by the
RG&E Operating Department, RG&E Engineering Department, and Westinghouse Atomic
Power Department.
14.4.3

TEST RECORDS

Test records were turned over to RG&E after the testing was satisfactorily completed and will
be retained in Central Records by RG&E for the life of the plant.

Page 23 of 77

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 14 INITIAL TEST PROGRAM

14.5
14.5.1

TEST PROGRAM SCHEDULE
INITIAL CRITICALITY TO ACCEPTANCE

The reactor was made critical for the first time on November 9, 1969, at 0530. Following
initial criticality, the initial low power physics testing was carried out. The initial reactor
physics tests were completed satisfactorily, but the plant had to be cooled down on November
19, 1969, because of a problem with the pressurizer level instrumentation.
The reactor was brought critical again on November 28, 1969, and initial synchronization of
the generator occurred on December 2, 1969.
The reactor power was brought up to 30% of thermal rating on December 3, 1969, with the
necessary testing at 30% power completed in approximately 1 week.
The planned low power physics testing that was done through December 1969 showed that
the agreement between experimental and predicted values was excellent.
The unit was shut down on December 24, 1969, for further maintenance and for reactor
startup training of the operators.
On January 16 and 17, 1970, tests were conducted to show that with the power range
detectors, core outlet thermocouples, and in-core moveable detectors the operators could
detect and verify that a control rod cluster was misaligned with respect to its bank before core
design limits are exceeded during MODES 1 and 2. All licensed operators either performed
or witnessed these tests. In all cases it was very apparent to the operator that the control rod
cluster was misaligned to its bank.
Power was escalated to 50% thermal power on January 21, 1970, with subsequent testing at
50% thermal power being completed in about 1 week. Because of condensate pump failure,
operation at 50% thermal power was extended until February 5, 1970. Sixty percent thermal
power was reached on February 5, 1970, and on February 12, 1970, 75% thermal power was
achieved. From February 12 until March 11, 1970, due to condensate pump and heater drain
pump problems, the unit was operated between 50% and 75% thermal power. The unit was
removed from service for a period of 39.50 hr beginning on March 2, 1970, for the purpose of
repacking the pressurizer spray valves.
The unit was returned to 75% thermal power on March 3, 1970. Testing at 75% thermal
power was completed in approximately 4 days at that time. The heater drain pump repairs
were completed and the unit was raised to 100% thermal power on March 11, 1970. The 100hr 100% power acceptance test run began at 2200 on March 11 and ended at 0200 on March
16, 1970.
After the acceptance test run, 10% and 50% load reduction tests were completed without
incident.
The unit was shut down on March 30, 1970, for scheduled maintenance to prepare the unit for
commercial operation. The unit was declared to be in commercial operation on July 1, 1970.
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14.5.2

1520 MEGAWATTS THERMAL POWER TEST PROGRAM

The power escalation test program from 1300 to 1520 MWt was performed from March 8 to
April 14, 1972. See Sections 14.1.2 and 14.6.2.
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14.6
14.6.1

INDIVIDUAL TEST DESCRIPTIONS
INITIAL STARTUP AND POWER TEST PROGRAM

The following is a summary of the initial startup testing program for the R. E. Ginna Nuclear
Power Plant.
14.6.1.1

Safety Injection Systems Preoperational Tests

14.6.1.1.1

Safety Injection Test

The purposes of this test were as follows:
A. Verify the operation of the steam line isolation sequence.
B. Verify that the proper sequencing and operation of valves, circuit breakers, and diesel
generators occurs on initiation of safety injection and containment spray signals.
C. Verify the operation of indicating and status lights of the above-mentioned equipment.
D. Verify that the proper safeguards equipment is operated with each of the two logic trains.
E. Initiate a safeguards signal by simulating an abnormal condition to transmitters related to
safeguard systems.
F. Verify the operation of the motor-driven auxiliary feed pumps by simulating a low-low
steam generator signal.
G. Verify the operation of the steam-driven auxiliary feed pump by simulating a low-low
steam generator level signal in both steam generators.
The operation of the steam line isolation sequence and the operation of the motor-driven
feedwater pumps and the steam-driven feedwater pumps by their respective safety signals
from both the A and B logic trains were performed satisfactorily.
The proper operation of the diesel generators was witnessed for both logic trains.
Proper sequencing and operation of safeguard valves and the proper operation of their
respective indicating and status lights upon receiving a safety injection and/or containment
spray signal were satisfactorily performed with the results tabulated as in Figure 14.6-1
which typifies data sheets used.
The following circuit breakers were tested coincidentally with the safety injection valves and
initiated by the same safety injection signal as that which actuated the safeguard valves.
BREAKER

COMPONENT

BUSES

52/BT 17-18

(Tie breaker between buses 17 and 18)

---

52/BT 16-15

(Tie breaker between buses 15 and 16)

---

52/BT 14-13

(Tie breaker between buses 14 and 13)

---

52/FP

Fire pump

17
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BREAKER

COMPONENT

BUSES

52/IHIA

Intake heaters

18

52/IHIB

Intake heaters

17

52/IHIC

Intake heaters

18

52/IHID

Intake heaters

17

52/MCC 1G1

Screen house motor control center

18

52/MCC 1G2

Screen house motor control center

17

52/BT 16-14

(Tie breaker between buses 14 and 16)

---

52/CCP 1A

Component cooling pump 1A

14

52/CCP 1B

Component cooling pump 1B

16

52/CHP 1A

Charging pump 1A

14

52/CHP 1B

Charging pump 1B

16

52/CHP 1C

Charging pump 1C

16

52/PHBG

Pressurizer heater backup group

16

52/PHCG

Pressurizer heater control group

14

As with the valves, the breakers listed in this step were tested one logic train at a time to
ensure that each train functioned properly.
In order to ensure that each breaker worked properly, it was necessary to initiate the safety
injection signal a number of times. The procedure and results are combined in the following
test summaries.
Safety injection was initiated in tests 1 through 6 by turning the block-unblock switch on the
main circuit breaker to the unblock position.
Test 1
This was a test of the A train logic so the power was removed from the B train logic by
turning off circuit 9 of dc control panel 1B.
Tie breaker 52/BT 17-18 was closed so that bus 17 was fed from bus 18. Tie breaker 52/BT
16-15 was closed so that bus 15 was fed from bus 16. Tie breaker 52/BT 14-13 was closed so
that bus 13 was fed from bus 14. These three breakers then tripped on safeguard initiation as
required.
Breakers 52/FP1A, 52/FP1B, reactor trip breaker A, reactor trip breaker B, and the fire pump
breaker were closed but then tripped on a safety injection signal.
The intake heater breakers and 52/MCC1G1 were closed. Breakers 52/IH1A, 52/IH1C, and
52/MCC1G1 tripped because of safety injection, and 52/IH1B and 52/IH1D tripped because
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of undervoltage on bus 17. This was determined by closely watching the breaker indicators
on the breakers themselves. By close coordination with the control board, it was determined
that 52/IH1A, 52/IH1C, and 52/MCC1G1 tripped immediately upon safety injection
initiation. Thus, it was assumed that these three trips were caused by safety injection signal.
Breakers 52/IH1B and 52/IH1D are fed from bus 17; thus, in this case these two heaters
tripped on undervoltage a second or so after the previous three breakers tripped. Therefore,
test 1 was performed satisfactorily.
Test 2
This was also a test of logic train A, but tested the tripping of other breakers. Power was not
restored to logic train B. Breaker 52/BT 17-18 was closed so that bus 18 was fed from bus
17. Breaker 52/BT 16-14 was closed so that bus 16 was fed from bus 14. Both of these
breakers tripped on safeguard initiation as required.
Breakers 52/FP, 52/IH1B, 52/IH1D, 52/CCP1B, and 52/MCC1G2 were closed prior to
initiating safety injection and remained closed after initiation of that signal. This is because
these breakers are shunt-tripped from sequence logic train B, not logic train A. Breaker
52/CCP1A was closed and did trip on the safety injection signal. This was caused because of
the safety injection signal combined with the tripping of bus 14. Bus 14 tripped because the
safety injection signal combined with the undervoltage on bus 18. This undervoltage on bus
18 was caused by safety injection because bus 18 was being supplied with power from bus 17
via 52/ BT 17-18; 52/IH1A and 52/LH1C were closed. Through close coordination between
the control board and the main at the circuit breakers, it was determined that these two
breakers tripped immediately upon initiating safety injection and not a second later. This
indicates that these breakers tripped because of the safety injection signal and not because of
the undervoltage condition on bus 18.
Breakers 52/CHP1A and 52/PHCG were closed and did trip when safety injection was
initiated. It was later realized that these trips could have been caused by either the safety
injection signal or the undervoltage signal that occurred on bus 14. These were tripped by
pressing the buttons on SI-11X and SI-12X. Both breakers tripped. Therefore, test 2 was
performed satisfactorily.
Test 3
This was a continuation of the testing of logic train A. Power, therefore, was not restored to
train B logic. Breaker 52/BT 16-14 was closed so that bus 14 was fed from bus 16. On
initiation of safety injection, this breaker tripped. Breakers 52/CCP1A and 52/CCP1B were
both closed. On initiating safety injection, 52/CCP1A tripped and 52/CCP1B did not. Test 3
was performed satisfactorily.
Test 4
This was a test of the B logic train so power was removed from the A train logic by turning
off circuit 12 of dc control board panel 1A.
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Tie breaker 52/BT 17-18 was closed so that bus 18 was fed from bus 17. Tie breaker 52/BT
16-15 was closed so that bus 15 was fed from bus 16. Tie breaker 52/BT 14-13 was closed so
that bus 13 was fed from bus 14. These three breakers tripped on safeguard initiation.
Breakers 52/FP1A, 52/FP1B, reactor trip breaker A, reactor trip breaker B, and the fire pump
breaker were closed and did trip on a safety injection signal.
The intake heater breakers and 52/MCC1G2 were closed. Breakers 52/IH1B, 52/IH1D, and
52/MCC1G2 tripped because of safety injection and 52/IH1A and 52/IH1C tripped because of
undervoltage on bus 18. This was determined by closely watching the breaker indicators on
the breakers themselves. By close coordination with the control board, it was determined the
52/IH1B, 52/IH1D, and 52/MCC1G2 tripped immediately upon safety injection initiation. It
was assumed that these three trips were caused by the safety injection signal.
Breakers 52/IH1A and 52/IH1C are fed from bus 18; thus, in this case these two heaters
tripped on undervoltage a second or so after the previous three breakers tripped. Test 4 was
performed satisfactorily.
Test 5
This was also a test of logic train B, but tested the tripping of other breakers. Power was not
restored to logic train A. Tie breaker 52/BT 17-18 was closed so that bus 17 was fed from bus
18. Tie breaker 52/BT 16-14 was closed so that bus 14 was fed from bus 16. Both of these
breakers tripped on safeguard initiation.
Breakers 52/IH1A, 52/IH1C, 52/MCC1G1, and 52/CCP1A were closed prior to initiating
safety injection and remained closed after the initiation of that signal. This is because these
breakers are tripped from logic train A, not logic train B.
Breaker 52/CCP1B was closed and did trip on the safety injection signal. This was caused
because of the safety injection signal combined with the tripping of bus 16. Bus 16 tripped
because the safety injection signal combined with the undervoltage on bus 17. The
undervoltage on bus 17 was caused by safety injection because bus 17 was being supplied
with power from bus 18 via 52/BT 17-18. Breakers 52/IH1B and 52/IH1D were closed.
Through close coordination between the control board and the operator at the circuit
breakers, it was found that these two breakers tripped immediately upon initiating safety
injection and not a second later. This indicates that these breakers tripped because of the
safety injection signal and not because of the undervoltage condition that occurred on bus
17. Breakers 52/CHP1B, 52/ CHP1C, and 52/PHBG were closed and did trip when safety
injection was initiated. It was later realized that these trips could have been caused by either
the safety injection signal or the undervoltage signal that occurred on bus 16. Breakers
52/CHP1B and 52/CHP1C were closed and then tripped by pressing the button on relay SI21X. This worked properly.
Breaker 52/PHBG was tripped by placing a jumper across contacts 19 and 23 of relay SI-22X.
Test 5 was therefore performed satisfactorily.
Test 6
This was a continuation of the testing of logic train B. Power, therefore, was not restored to
train A logic. Tie breaker 52/BT 16-14 was closed so that bus 16 was fed from bus 14. On
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initiation of safety injection, this breaker tripped. Breakers 52/CCP1A and 52/CCP1B were
both closed. On initiating safety injection, 52/CCP1B tripped and 52/CCP1A did not. Test 6
was performed satisfactorily.
Test 7
This test ensures that reactor trip breakers function on a manual safety injection signal in the
A logic train. Test 1, on the other hand, tests the A logic train on automatic safety injection
signals.
Reactor trip breakers A and B were closed and the B logic train was shut off. The manual
safety injection button was pushed and both breakers tripped. Logic train B was restored to
operation.
Test 8
This test ensures that reactor trip breakers function on a manual safety injection signal in the
B logic train. Test 4 on the other hand tests the B logic train on automatic safety injection
signals.
Reactor trip breakers A and B were closed and the A logic train was shut off. The manual
safety injection button was pushed and both breakers tripped. Logic train A was restored to
operation.
14.6.1.1.2

Accumulator Blowdown Test

This test had basically three goals:
A. Determine the magnitude of pipe displacement and stress resulting from reaction to the
fluid blowdown.
B. Determine the amount of water forced back through the reactor coolant pump into the low
portion of piping between the steam generator and pump suction.
C. Measure the blowdown transient for comparison with the analysis reported in Chapter 14 of
the original FSAR.
Four test runs were made, each accumulator being subjected to both a run at 300 psig initial
pressurization and 740 psig initial pressurization.
Strain and displacement readings were taken on each accumulator discharge line;
measurements of the pressure-time transient were made and the volume of water collected in
the loop seal region was measured for each run.
Pipe Reaction Results
The pipe displacements and stresses were measured under the supervision of Gilbert
Associates and Brewer Engineering Laboratories. Pipe reactions were not excessive and are
given quantitively in the Brewer report, "Accumulator Piping Vibration Test Results."
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Investigation of Water Blowback Through the Reactor Coolant Pump
During the design of Ginna Station, the dynamics of the water jet entering the reactor coolant
pipe were analyzed due to a concern that the accumulator flow might divide and flow back
through the pump, losing water intended for the reactor vessel.
There are two features of the reactor coolant pump which resist such backward flow. One is
the diffuser assembly which forms a dam to flow within an inch or two of the top of the
reactor coolant pipe at pump discharge. The other is the pumping action of the reactor coolant
pump itself which, even while coasting down, strongly rejects water attempting to flow in
reverse through the pump.
The analysis showed that the discharge of water into the reactor coolant pipe from the
accumulator would cause the water level to rise above the diffuser assembly into the impeller.
The opinion of hydrodynamics consultant Dr. V. L. Streeter of the University of Michigan
was that the configuration of the pump is such as to dissipate jet effects, requiring the
spinning impeller only to prevent reverse flow against a foot or two of water head.
An analysis of the length of the pump deceleration transient under loss-of-coolant conditions
and the pumping effect of the reactor coolant pump with a voided suction showed that the
pump will provide the necessary pumping effect to prevent reverse flow for the period
required to ensure effective delivery of accumulator water to the core.
This test showed that water did rise above the diffuser assembly.
Blowdown Transient Behavior
The blowdown flow transients showed well-behaved, predictable transients for three of the
four runs. One anomalous run occurred in the case of the high pressure blowdown of the loop
B accumulator, resulting in further investigation and analysis.
In spite of the bad run, the basic goals of the program were met.
A. The runs showed that the assumption of an adiabatic gas expansion used in the original
FSAR loss-of-coolant analysis was valid.
B. The runs showed that, for both accumulators, the piping resistance is about two-thirds of
the value used in the original accident analysis providing a flow margin about 15% over
the flow initially calculated for the original FSAR accident analysis.
C. The data were good enough to show a correlation between the high and low pressure runs
on the loop A accumulator such that the discharge pipe resistance factors calculated from
each run agreed within about 20%, the major part of which is probably due to errors in
reading the recorder charts.
D. Between the two low pressure runs (loop A versus loop B) the variations in calculated
resistance factor was about as predicted by the piping resistance calculations used as input to
the accident analysis in the original FSAR.
Table 14.6-1 shows numerical results in support of the above conclusion.
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The long blowdown of the loop B high pressure run was cause for concern since it appeared
that a substantial resistance, about three times normal, had suddenly been introduced in the
line.
A review of piping resistance calculations and layout drawings was made without uncovering
any reason for the long blowdown during that specific run.
Items investigated were as follows:
1. Possibility: The initial gas pressure was low.
This was ruled out since two pressure indicators showed 720 psi before start of the test and
because the quantity of N2 was metered into the tank and observed to be the same as a
subsequent loop A high-pressure run.
2. Possibility: The chart speed was inadvertently increased.
Ruled out due to corresponding times of transient between chart and stop watch.
3. Possibility: An obstruction in the line.
Ruled out due to disassembly of valves, observations by boroscope, and by swabbing of the
line segments which could not be observed.
4. Possibility: Stuck check valve.
Ruled out due to obvious free movement and seat tightness of valves when observed on
disassembly. If the valves had been subjected to nearly 700 psi differential, some evidence
in valve damage might have been noted.
5. Possibility: Jammed motor-operated valve.
Inspection showed no sign of mechanical damage or of loss of freedom of movement. No
foreign matter was in the valve.
With the rest of the loop B accumulator flow path shown clean and free flowing and with one
low-pressure run which corresponded well with the line resistance and performance of the
loop A unit, attention was turned to the possibility that the motor-operated valve started, but
did not complete its stroke. This appears to be the most likely reason for the anomalous run at
high pressure on loop B.
AA. The loop A and loop B runs are practically identical up to about 4 sec into the transient
when loop B data show establishment of a constant resistance (about 1275 L/D). From
that point until the termination of blowdown, the pressure transient is predictable for an
unchanging resistance.
BB.

The mark automatically put on the chart with the contacting of the valve open-limit
switch is missing from only this run.

CC.

There was no direct observation that the valve did open, although it was operationally
tested over its full stroke after the test without any difference in pressure across the disk.

DD. Two operators have testified that the monitor lights did not change to indicate picking up
the full-open-limit switch on this run. The weight of evidence which we collected led to
the following judgments:
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1.

The accumulator lines were clean and should function with a fully open isolation
valve in a manner that is entirely consistent with the commitments made in the
original FSAR.

2.

The motor-operated isolation valve started but did not complete its stroke.

Since this motor-operated valve is normally open and is not required to function during an
accident, it should not be considered as in impediment to the safety of the plant. Test
recordings are on file at Ginna Station.
14.6.1.1.3

Safety Injection Flow Test

The purposes of this test were as follows:
A. Verify the safety injection pumps shutoff head.
B. Verify the safety injection pumps pressure and flow characteristics.
C. Verify the residual heat removal pumps pressure and flow characteristics to the reactor
coolant system.
D. Demonstrate the residual heat removal pumps recirculation to all three safety injection
pumps.
E. Demonstrate the residual heat removal pump A recirculation to the safety injection pump C.
The shutoff heads of the safety injection pumps and the residual heat removal pumps are 1520
psi and 141 psi, respectively. The design pressure and flow are 1080 psi at a flow of 300 gpm
for the safety injection pumps and 121 psi at a flow of 1560 gpm for the residual heat removal
pumps. The test demonstrated that the design flow characteristics of all five pumps were
realistic and proven or exceeded in practice. Trace recordings of pressure and flow were
made during the test runs and are on file.
The ability of the two residual heat removal pumps to deliver to the three safety injection
pumps was demonstrated and the various flows and pressures of interest were recorded. The
ability of the residual heat removal pump A to deliver to the safety injection pump C was
satisfactorily demonstrated with the flows and pressures of interest recorded.
The capability of the safety injection system was reevaluated after tests at Point Beach Unit 1
and H. B. Robinson indicated that pipe resistance was greater than predicted. The system was
modified, including the opening of all four injection line isolation valves, the installation of a
second check valve in each injection branch line, and the installation of a manual globe valve
in the branch line to the cold leg of loop A. It was concluded from the reevaluation that the
as-built modified safety injection system met the design objectives for safe operation at 1300
MWt and at the higher power level of 1520 MWt. On March 31, 1971, a safety injection flow
capability test was performed with all fuel elements removed from the core, the reactor vessel
head removed, and the refueling cavity flooded to near the normal MODE 6 (Refueling)
level.
The purpose of the test was threefold: (1) demonstrate the runout capability of the safety
injection pumps, (2) verify the ratio between flows in the individual branch lines, and (3)
demonstrate the effect of the pump miniflow on the system delivery capability.
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The evaluation of the test data led to the following conclusions regarding the as-built
performance of the safety injection system after the modifications:
AA. The injection capability of the system as determined by using pipe resistance derived
from the test is approximately the same as used in the core shutdown and cooling
analyses.
BB. The allowable runout flow of the pumps is greater than was assumed in the core analyses,
i.e., higher core injection flow is available at low reactor pressures such as in the case of
large pipe break accidents.
CC.

The flow balance between branch lines is excellent; the addition of the manual globe
valve in the loop A, cold-leg branch improved the system performance.

DD. The miniflow for each pump was determined to be very near the design value of 30 gpm
at the shutoff head of the pump.
14.6.1.1.4

Containment Spray System Test

The shutoff head of the containment spray pumps was tested and found to be higher than the
shutoff head on the design curve. The original FSAR, Table 6.4-1, lists the design head and
flow of the spray pumps as being 435 ft and 1615 gpm. Since there is no way to test design
flow and head without flooding the containment building, pump performance was evaluated
by comparing the pump flow and head at recirculation flow (45 gpm) to the design head
curve. This tested satisfactorily. The valve operation and sequencing of this system was
tested satisfactorily in the safety injection functional test. The remainder of the piping from
the last valve to the nozzles in the spray ring headers was tested by charging the piping with
compressed air and suspending a helium-filled balloon with tell tails in front of each nozzle.
Each nozzle opening was proven free and clear.
14.6.1.1.5

Residual Heat Removal System Test

The purpose of the residual heat removal test was to verify that the system components were
capable of meeting their design requirements and that the system interlocks and interlocks to
other systems operated as intended. The capability of the residual heat removal pumps to
meet design requirements was successfully demonstrated in the safety injection flow test,
Section 14.6.1.1.3. A functional test of the interlocks involved in the residual heat removal
system was performed as outlined and all interlocks operated as required.
Testing of the residual heat exchangers to ensure that heat exchanging capabilities met
specifications was performed during a cool-down period. Test results demonstrated that the
specifications for these exchangers were conservative. To ensure that the recirculation phase
of safety injection could be performed, a recirculation functional test was written and
successfully completed demonstrating valve operation and flow from sump B through the
residual heat removal pumps.
14.6.1.1.6

Safeguards Systems Operational Test

The intention of this test procedure was to ensure that all safeguards systems were
operationally checked out before criticality. This checkout involved a test of individual
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channel triping followed by logic trains A and B tripping where applicable. Safeguards
systems valves and motors were not actuated for this test since actuation of these
components had been performed in other tests, but rather the actuating devices of the
components such as relays, controllers, etc., were monitored for operation. Verification of
proper operation of alarms and indicating lights was a part of this test procedure. The
following is a list of the safeguards systems that underwent the operational checkout in this
test:
A. Steam line isolation.
B. Safety injection and initiation of the following safeguard action subsequent to initiation of
safety injection:
•

Feedwater system isolation.

•

Reactor trip.

•

Emergency diesel starting.

•

Auxiliary feedwater pump starting.

•

Fan cooling starting.

•

Service water pump starting and system isolation.

C. Containment spray.
D. Containment isolation.
E. Containment ventilation isolation.
14.6.1.1.7

Emergency Diesel Generator Test

This test was performed to verify that the two diesels and auxiliary equipment will perform
their designed functions when required to do so.
The first part of the test was concerned with the capacity of the air storage tanks and their
ability to crank the diesels for 45 sec. Although they were incapable at first, one additional
air storage tank was added to each diesel starting air supply thus doubling the air-storage
capacity. A second test was performed which proved that the air starting system was capable
of cranking the diesels for 45 sec. It was also necessary to test the starting signals for both
diesels. Where signals can come from redundant sources these sources were checked
individually. All start signals performed according to design.
The undervoltage relay circuits are designed to clear a bus of all large loads except the motor
control centers if there is an undervoltage condition on that bus. Thus, the diesel will not be
connected to a fully loaded bus, which would probably trip the diesel on overcurrent because of
the high starting current required. Each redundant undervoltage relay circuit was tested for the
480-V safeguard buses and performed to clear the bus involved and also to start the appropriate
diesel.
The diesel was tested to ensure that it was capable of starting and that the control circuitry
could place it on line in 10 sec. Load tests were run and showed that the diesels were capable
of their rated capacity and could satisfactorily carry their safeguard load during steady-state
and safeguard sequencing load pickup.
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During the test, the sequencing relays for safeguard equipment starting were set and would
start equipment within 3 sec of the design times. Safeguard valves not covered by the safety
injection test were tested to ensure that they would close or open as required on safeguard
initiation. In addition, control and alarm and tripping circuitry was tested to ensure that these
functions were properly performed.
The interlocks on the following breakers were also tested to ensure proper operation: 52/
EG1A1, 52/EG1A2, 52/EG1B1, 52/EG1B2, 52/14, 52/16, 52/17, 52/18, 52/BT16-14, and 52/
BT17-18. Because of this testing, one design change and several wiring modifications were
made. Once the changes were made, the tests on these breakers were completed
satisfactorily.
14.6.1.1.8

Direct Current Test

Each battery system was tested in two basic ways. First, the battery charger voltage outputs
for varying loads and varying charger input voltages were tested. It was found that although
the 480-V ac input voltage was varied by 10%, the dc output voltage of the chargers did not
vary by more than 1% under varying load conditions.
The second basic test was designed to show that the battery itself could sustain a discharge
rate of 131 amps for 8 hours while not lowering the output voltage below 105 V. Although
neither battery passed in the first test, each passed after a number of cells in each battery were
replaced.
14.6.1.2
14.6.1.2.1

Preoperational Instrumentation and Control Tests
Reactor Coolant System Pressure Comparison Test

The purpose of this test was to verify the calibration of the primary coolant system pressure
instrumentation at various actual system pressures. The test was performed while heating up
the system to no-load temperature and pressure conditions. At various pressure levels the
pressure instrumentation of the reactor coolant system was checked against the reading of a
deadweight tester nulled across a differential pressure cell to the actual system pressure. This
test was completed successfully on June 28, 1969.
14.6.1.2.2

Resistance Temperature Detector Cross Calibration Test

This test procedure was used to determine isothermal corrections for reactor coolant
resistance temperature detectors (RTD) and in-core thermocouples. The reactor coolant
temperature was maintained at a constant shutdown temperature of 545F. Resistance
measurements of the 10 RTDs of the reactor coolant loop A were taken three different times
with a precision ohmmeter and averaged. The temperature of each RTD was then calculated.
The same procedure was followed for determining the temperature of loop B. Averaging the
temperatures of the RTDs in loop A resulted in a temperature of 545.5F and that of loop B
also resulted in a temperature of 545.5F.
In-core thermocouple maps were obtained by computer printout while the RTD
measurements were being taken with good agreement between the printouts and RTD
measurements.
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14.6.1.2.3

Steam Generator Manual Control and Level Instrumentation Test

In essence, this test was a functional test of the steam generators, condensate system,
feedwater system, auxiliary feedwater system, and the instrumentation of these systems.
Analog simulators were used to inject signals into steam generator level channels. These signals
were varied to allow verification of bistable setpoints and calibration of the level indicators.
The functions that were verified and their respective setpoints are as follows:
A. Low-low water level single channel alert - 15%.
B. Low-low water level reactor trip - 15%.
C. Steam generator level setpoint deviation - 5%.
D. Steam generator high-level loop A/B channel alert alarm - 68%.
E. Steam generator high-level alarm - 68%.
F. Feedwater valves close - 68%.
G. Feedwater bypass valves open - 10%.
Steam flow and feedwater flow indicators were calibrated by simulating signals to the
indicators. The steam flow-feedwater flow mismatch circuits were adjusted to give low
feedwater flow single-channel alert alarm and reactor trip at a 0.7 x 106 lb/hr of steam flow
in excess of feedwater flow deviation. Steam generator high feedwater flow alarms were set
for a deviation of 0.7 x 106 lb/hr of feedwater flow in excess of steam flow.
Pressure signals were simulated to the steam generator pressure channels to calibrate the
pressure indicators and set the pressure-related bistables. The low steam pressure loop A/B
alarms and channel status lights were set for 600 psig. Steam line low-low pressure loop A/B
channel alert was set for 500 psig. The turbine first stage pressure indications and alarm
checkout was performed by simulating a pressure signal. The channel status trip setpoint was
set at 45.5 psig for the two turbine first stage pressure channels.
The test required the stroking of all valves in the condensate, feedwater, and auxiliary
feedwater systems with final position of the valves in the normal operating position. The
condenstate and feedwater pumps were started and flow measurements versus feedwater
bypass valve position were taken.
The automatic start of the preferred auxiliary feedwater pumps was verified by tripping the
main feedwater pumps.
14.6.1.2.4

Rod Position Indication System Test

Verification of the satisfactory performance of the rod position indicating system for each
control rod and each control rod bank under MODE 3 (Hot Shutdown) conditions was
demonstrated in this test. Voltage readings were taken and recorded at the output of each
linear voltage differential transducer at various intervals of rod travel for each rod.
Associated alarms were verified and the bank overlap of each bank was set at 195 steps for
rod withdrawal and 35 steps for rod insertion.
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14.6.1.2.5

Rod Stepping Test

This test was designed to verify that the rod control systems satisfactorily perform the
required stepping operations for each individual rod under both hot and cold conditions. Each
rod was fully withdrawn and fully inserted while recordings were made of current flows to
the various rod drive mechanism coils. These recordings are on file at Ginna Station.
14.6.1.2.6

Rod Cluster Control Assembly Drop Time and Partial Length Rods
Operational Tests

The purpose of this test was to determine the drop time of each full-length rod cluster control
assembly under a number of reactor coolant system operating conditions. The data sheets
following are samples of the data sheets used for this test noting operating condition of the
system and the rod drop times. Originally, the Ginna Technical Specifications gave a
maximum rod drop time of 2.7 sec based on earlier PWR design and experience. These
specifications were modified to take into consideration the longer control rods of the Ginna
Plant. The specifications were changed to read that the maximum elapsed time to the dash
pot shall not exceed 1.8 sec and shall not exceed 5 sec to bottom out.
A second purpose of this test was to functionally check the partial length control rod drive
system to determine proper indication of rod position and the operational characteristics of
the system when the 440-V power is interrupted. The results of the test are typified in the
data sheets of Figures 14.6-2 and 14.6-3.
14.6.1.2.7

In-Core Thermocouples Test

The purpose of this test was to provide a functional checkout and demonstration of the in-core
thermocouple and readout system at MODE 3 (Hot Shutdown) conditions. The reactor coolant
system was maintained at a constant temperature of 549F for the duration of this test.
Analog readings were taken and recorded for each of the in-core thermocouples. A computer
readout was also obtained for each of the in-core thermocouples. The reactor coolant system
RTD readings were taken at the time and compared to the analog and computer in-core
readings. The results of this test were satisfactory.
14.6.1.2.8

Movable In-Core Detector System Test

This test provided a functional demonstration of the in-core flux mapping system.
Each of the four detectors was operated simultaneously and then separately in all possible
modes of scan. Limit switches were set, associated alarms were verified, scan rates were set,
and position readouts and indicating lights were verified. The test results were satisfactory
with only minor discrepancies which have since been corrected.
14.6.1.2.9

Reactor Makeup Blender and Boric Acid Transfer Pumps Operational Test

The purposes of this test were as follows:
A. Obtain information on the operational characteristics of the reactor makeup blender in the
"automatic makeup," "borate," and "dilute" modes of operation.
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B. Provide a measure of the mixing characteristics of the reactor coolant system.
C. Determine the temperature rise in the boric acid storage tanks caused by the energy input
into the system from the boric acid transfer pumps operating continuously in the
recirculation mode.
Various amounts of reactor makeup water were dialed into the Veeter-Root integrater at
different times and the blender system was energized. When the amount of reactor makeup
integrated equaled the amount dialed, the "blend" system deenergized automatically. The
amount of water delivered to the reactor coolant system was measured by calculating the
displacement in the volume control tank. This was compared to the amount that had been set
for and the amount integrated by the Veeter-Root integrater.
The "borate" mode was checked in the same manner with the exception that the boric acid
was collected in calibrated containers at a sample point.
The flow rates of the "borate" and "dilute" modes were confirmed to agree with the rates set
by the controller.
The "automatic makeup" mode of operation was checked for performance by injecting
different concentrations of boric acid blend into the reactor coolant system and sampling the
coolant at various time intervals at different sample points of the reactor coolant system.
Recirculating the boric acid storage tanks with the boric acid transfer pumps raised the
temperature of the No. 1 tank 14F in 8 hours 55 min and the No. 2 tank 15F in 7 hours 55
min. The No. 1 tank cooled 7.50F in 22 hours and the No. 2 tank cooled 9F in 22 hours. The
test was completed with satisfactory results.
14.6.1.2.10 Pressurizer Level Control Test
The objective of the pressurizer level control test procedure was to verify that the pressurizer
level control system setpoints were properly set and that the control system functioned
properly.a
With the reactor coolant system at the no-load temperature (547F), and pressure (2235 psig)
condition, and with all pressurizer controls in the automatic mode of operation, all pressurizer
level indicators were checked and level indications recorded. Proper operation of channels
was verified in this manner.
Preliminary values for the proportional band, rate time constant, and reset time constant for
pressurizer level controller LC-428 F were given in the RG&E Reactor Control and Protection
System Precautions, Limitations, and Setpoints Operating Instruction, P-1. These
preliminary values were used during the initial checkout and calibration of the controller.
To determine how well the control system responded to system level and average Tavg
variations, first the manual control setpoint on TC-401C (remote setpoint controller for LCa.

The pressurizer level program setpoint is a function of TAVG and varies from 19.5% at 547F to 49% at
570F for operation at 1300 MWt.
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428C) was varied from 547F to 570F. This simulates a rise in average TAVG. A rise in the
pressurizer level followed. The level was lowered to the original value by reversing the above
procedure. The levels on all level channels were recorded.
The level control system of the pressurizer was next checked by increasing the level of the
pressurizer by manually controlling the charging line flow control valve HCV-142 and the
charging pumps. As the pressurizer level increased it was verified that the pressurizer highlevel alarm occurred at 70%, pressurizer heaters were energized at 70%, and pressurizer highlevel reactor trip partial matrix alarm occurred at 92%.
The level was reduced in the pressurizer by the manual method described above and it was
verified that pressurizer low-level alarm occurred at 5% below the level program setpoint, the
low-level alarm, letdown isolation (LCV-427 closed) and heaters turned off at 11%, and a
safety injection partial matrix alarm occurred at a level of 5%.
This test was successfully completed after the second attempt.
14.6.1.2.11 Pressurizer Pressure Control Test
The objective of this test was to first check the response, stability, and general control
characteristics of the pressurizer pressure control system and make any adjustments to the
controllers required to obtain proper operation, and secondly, to verify that all the various
alarms and control setpoints are properly set and function as required.
With the reactor coolant system at the no-load temperature, and pressure conditions and
pressurizer pressure controls on automatic, the proper operation of all pressurizer pressure
indicators and recorders was verified. The control board pressure control controller was
placed in the manual position and its signal varied to verify the following setpoints:
•

Proportional heaters full off at 2250 psig.

•

Proportional sprays begin at 2260 psig.

•

High pressure alarm at 2310 psig.

•

Relief valve PCV-431C opens at 2330 psig.

The reactor coolant system pressure was actually changed to verify the following:
•

Relief valve PCV-430 opened at 2335 psig.

•

High pressure reactor trip at 2400 psig.

With pressurizer heaters on automatic, the reactor coolant pressure was reduced by manually
controlling spray water to the pressurizer. The following setpoints were verified during this
mode of operation:
•

Proportional heaters full on at 2220 psig.

•

Backup heaters on at 2210 psig.

•

Pressurizer Power Operated Relief Valve (PORV) interlock functioned at 2185 psig.
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•

Pressurizer low pressure alarm at 2185 psig.

•

Safety injection could be manually blocked below 2000 psig.

•

Low pressure reactor trip partial matrix alarm at 1720 psig.

•

Safety injection partial matrix alarm at 1715 psig.

The pressurizer heaters had been turned off after verifying their operation points. They were
then turned back on and put in the automatic mode after completing the pressure decrease
portion of the test. This resulted in a gradual pressure increase allowing the following
setpoints to be verified:
•

Low pressure reactor trip partial matrix alarm cleared at 1725 psig.

•

Safety injection unblocked at 1990 psig.

•

Pressurizer Power Operated Relief Valve (PORV) interlock functioned at 2190 psig.

14.6.1.2.12 Steam Dump Test
The purpose of this test was to optimize the settings of the steam dump controller and to
functionally test the system.
Some portions of this test could not be performed since steam dump to the condenser could
not be sustained for any period of time without nuclear heat. Those portions omitted in this
test were performed in the operational transient tests described in Section 14.6.1.7.
A simulated signal was fed into the steam bypass controller. This signal was varied until the
turbine trip interlock was satisfied and the steam dump to the condenser valves opened. The
test signal was decreased until the turbine trip interlock cleared and the steam dump valves to
the condenser modulated close. Four of the eight condenser valves were set to open with the
simulated signal for Tavg at 8F, and the other four were set to open at 16F. This procedure
was repeated for the other condenser steam bypass controller with the exception that four of
the valves were set to open at 12F and the remaining four at 20F.
The atmospheric steam dump system was functionally tested at this time for controller
response and secondary system pressure control capabilities.
This system tested satisfactorily.
14.6.1.2.13 Radiation Monitoring System Operational Test
The purpose of this test was to provide an operational test of the complete radiation
monitoring system to ensure that it would perform all the functions that are required of the
system.
Figure 14.6-4 includes typical data sheets of the test results of one of the radiation monitoring
system channels. The data explains the text objectives. The results of this test were
acceptable.
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14.6.1.2.14 Reactor Coolant System Flow Measurement Test
The purpose of this procedure was to provide a means of obtaining the necessary data to
interrelate pump input power, elbow tap pressure, and steam generator delta P as an accurate
measurement of flow rate. A description of the methods used to interrelate these parameters
is contained in Section 4.2 of the original FSAR.
Having completed this test, the preliminary data analysis was completed and indicated the
reactor coolant system flow rate for loop A to be 95,200 gpm or 106% of design flow, and for
loop B to be 94,000 gpm or 104.8% of design flow.
14.6.1.2.15 Nuclear Instrumentation Test
This test provided a functional demonstration of the nuclear instrumentation system. Each of
the 12 drawers (one for each nuclear instrumentation channel) was functionally operated and
calibrated by simulating a detector signal to the first element after the detector in a channel.
All trips and permissive signal setpoints generated by the nuclear instrumentation system
were set, associated alarms were verified, and all remote meters and recorders were checked
for proper operation and indication. The test results were satisfactory.
14.6.1.3
14.6.1.3.1

Safety and Relief Valve Tests
Pressurizer Safety Valve Test

This test was performed to verify the proper setting of the pressurizer safety valves.
To perform this test the system pressure was maintained between 1865 psig and 2110 psig. A
Crosby Valve Company air-set lifting device was installed on PCV-434 (pressurizer safety
valve) bonnet and an air supply attached to the device. By controlling the pressure regulator
manually, the pressure was gradually increased to the lifting device. Pressurizer pressure
readings and air pressure readings to the lifting device were taken continuously during this
procedure. When the pressurizer valve began to open, simmer, or leak audibly, the air
pressure on the lifting device was released. A differential pressure was determined from a
curve for K2 orifice in Crosby Valve Company Instruction No. T-1652-1 for the air pressure
reading of the air supply to the lifting device when the valve first opened. This differential
pressure was added to the pressurizer pressure reading at valve opening to determine the
actual pressure at which the valve would open. This test was repeated until the valve opened
at 2485 psig 1%. Figure 14.6-5 is a copy of the data sheet for the testing of both pressurizer
safety valves.
14.6.1.3.2

Main Steam Safety Valve Test

The setting of the main steam safety valves was accomplished in the same manner as was the
setting of the pressurizer safety valves; however, the differential pressure was obtained from
the curve for R orifice in Crosby Valve Company Instruction No. T-1652-1 of air pressure
versus differential pressure. The set pressures for each of the main steam relief valves are as
follows:
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V-3508

1141 psig

V-3509

1130 psig

V-3510

1140 psig

V-3511

1140 psig

V-3512

1140 psig

V-3513

1138 psig

V-3514

1085 psig

V-3515

1078 psig

The requirements were to set V-3515 and V-3514 at 1085 psig 1% and V-3508 through V3513 to 1140 psig 1%.
14.6.1.4
14.6.1.4.1

Waste Systems Tests
Liquid Waste Concentration Demonstration Test

The purpose of this test was to demonstrate the proper operation of the two major drumming
processes.
A portion of this test demonstrated the process of drumming concentrated waste from the
waste evaporator feed tank. This included the operation of the recirculation system from the
evaporator feed tank to the dispensing header, and the vacuum operated dispensing valves and
vacuum switches. The test also included testing the use of the drums, shields, vacuum pump,
and manipulating tools.
The test was successfully run with water and has since been used frequently with waste
concentrates with no major problems.
Another portion of this test demonstrated the process of sluicing spent resins from the storage
tanks to the drums. The operation of the pressurization and agitation systems along with the
instrumentation associated with these systems was functionally checked. The proper
operation of the dispensing valves, drums, shields, vacuum pump, and manipulating tools for
this mode of operation was demonstrated.
14.6.1.4.2

Waste Disposal System Gaseous Waste Test

This test was a functional test of the waste gas system to ensure that the system could
adequately process or vent the gaseous waste emanating from the vent header. All alarms
and instrumentation associated with the system were verified for proper operation as were all
automatic functions. The waste gas system has since been operated under its intended normal
radioactive conditions with satisfactory performance.
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14.6.1.4.3

Liquid Waste Processing Test

The purpose of this test was to functionally test portions of the waste disposal system
including the waste evaporator, and to demonstrate that the liquid waste disposal system
can adequately dispose of the liquid waste products in a safe and reliable manner.
The test was run with satisfactory results with one exception. The decontamination factor
across the waste evaporator deteriorated with rated flow of 2 gpm. A decontamination
factor of 106 could be maintained with a flow rate of 1.5 gpm.
14.6.1.5
14.6.1.5.1

Reactor Coolant System Measurement Tests
Reactor Vessel Internals Measurement Test

The intent of this test was to obtain experimental data on the reactor vessel internals
movements during the startup test program.
The instrumentation installed for the test was as follows:
A. Fourteen maximum displacement indicators on the thermal shield to measure
relative motion between the core barrel and thermal shield.
B. Seven accelerometers on the vessel head to detect gross changes in internals response.
C. Thirteen strain gauges to three guide tubes to measure mean deflection and
dynamic response imposed by the flow during operation.
Maximum Displacement Indicators
Maximum displacement indicators were designed and installed on the thermal shield at the
locations shown in Figure 14.6-6. The measurement of the gap is indicated as DIM. "A"
on the sketch following the hot functional test provided an indication of the maximum
relative motion between the thermal shield and the core barrel resulting from a
combination of thermal differential expansion, hydraulic forces and vibration.
The internal spring-loaded plunger was designed to follow the relative cyclic motion
between the thermal shield and core barrel, thus causing the two stationary spring-loaded
styluses to leave small markings on the plunger. These marks provided a direct indication
of the magnitude of the vibratory motion.
With the exception of two locations, No. 13 at the top and No. 2 at the bottom adjacent to a
flexure, the total displacements were relatively small and consistent, and were in close
correlation with expected results based on extrapolated data from model testing and from
previous measurements on other reactors.
Vibratory motion measured by all the indicators was also small. The maximum motion, as
interpreted from the plunger markings, was as follows:
Top

Double Amplitude

Numbers 10, 13, 14

.010 (.005)

Number 9

.012 (.006)

Numbers 11, 12

.014 (.007)
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Bottom

Double Amplitude

Numbers 6, 7

.008 (.004)

Numbers 3, 5, 8

.010 (.005)

Number 1

.014 (.007)

Numbers 2, 4

.004 (.002)

If this motion is conservatively assumed to be thermal shield motion only, i.e., the shield
motion is 0.007 in. at the midpoint between supports, the stress corresponding to this motion
is very small and within the allowable stress for infinite cycle loading allowed by the ASME
Code by an order of several magnitudes.
Several facts are evident from a magnified observation of the scribe markings on the plungers
from No. 2 and No. 13 indicators. The scribe marks on No. 13 are located in a position that
indicates the plunger was projecting 0.080 in. (Dim. A + 0.080) when the vibratory motion
occurred. This indicates that No. 13 indicator was (1) not completely inserted at installation,
(2) slipped soon after installation, or (3) a local thermal realignment occurred between the
thermal shield and core barrel. The complete lack of marking in the completely inserted
position indicates that the large gap is probably the result of either (1) or (2).
Even if the gap occurred as a result of item (3), however, the deflection was well below the
calculated allowable of 0.180 in. between supports.
Indicator No. 2 indicated that the vibratory marking occurred with the plunger in the
completely compressed position (Dim. A approximately = 0), so that the 0.030 in. gap did
not exist during the hot functional test. It is also significant that the spring-loaded plunger
had been driven back into the displacement pin and jambed, so that it was not in contact with
the core barrel after placement of the internals on the new storage stand. Although not
completely conclusive, it appears probable that this gap was influenced by the initial impact
with the storage stand. It is located almost directly opposite the initial point of impact.
Based on the very good condition of the internals, the lack of motion between components
and the small vibratory motion of the thermal shield, the conclusion was that the Ginna
internals as installed are in excellent condition and are adequate for their functional
requirements.
Accelerometers
Seven accelerometers were mounted on the outside of the reactor vessel. Their locations and
directions of sensitivity are shown in Figure 14.6-7. The accelerometers were mounted on the
top of the reactor and clamped to the 4-in.-diameter head penetrations. Those on the bottom
of the vessel were attached to the vessel wall by a magnetic clamp.
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Signals from the (piezoelectric) accelerometers were amplified with charge amplifiers and
recorded on a Visicorder and on magnetic tape. Data was taken when the desired reactor
conditions occurred during hot functional and cold hydrostatic testing, during both one and
two main coolant pump operation and with main coolant temperatures from approximately
120F to 560F.
Part of the intent of these accelerometers was to detect sharp transients or abrupt changes in
vessel motion that might result in the event that a significant abnormality occurred in the flow
or in internals vibrations during testing. No transients of this type were observed while the
data were being taken or during subsequent analysis of the data. Further, no marked changes
in the character of the signals were observed at similar reactor conditions during the test
period.
Strain Gauges
Four active strain gauges were attached to the upper end of three guide tubes (one dummy
gauge was mounted for noise measurement), in order to obtain measurements that indicated
the static and dynamic deflections and loads imposed on the guide tubes during cold
hydrostatic and hot functional testing.
The maximum mean strain measured was 50.4 pico-in./in. and the overall dynamic strain
levels measured were 11.88 pico-in./in. These measured strains indicate that the guide
tubes have an adequate safety margin. Direct verification of adequacy has also been
obtained by visual examination after the hot functional test. The strain gauges were left in
place in order to observe the core effect on the guide tube and vessel dynamic response.
14.6.1.5.2

Reactor Coolant System Vibration Test

The main function of this test was to verify that the vibrations of the reactor coolant pumps
and the reactor coolant system piping and equipment were within acceptable limits during the
pump operation. The test also provided reference data for the future operation of the reactor
coolant system. The data sheets of Figure 14.6-8 are the results of this test.
14.6.1.5.3

Preoperational Reactor Coolant System Leakage Test

The performance of this test was necessary to satisfy the Technical Specifications that the
leakage from the reactor coolant system did not exceed 10 gpm from known sources or 1 gpm
from unknown sources.
Prior to running the test, the system was thoroughly inspected for visible signs of leakage.
The reactor coolant system was maintained at constant temperature and pressure for zero
power conditions for the 10-hour duration of this test. At the end of the test run, tank and
pressurizer levels were compared to levels at test initiation and added or subtracted from the
water inventory of the reactor coolant system. Makeup water to the system for the test period
was measured. A mass balance of the system was made and total leakage calculated. The
results of this test satisfied the Technical Specifications.
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14.6.1.5.4

Reactor Coolant System Thermal Expansion Test

The major objectives of this test were to verify that the reactor coolant system could expand
unrestrained during the system heatup from the cold condition to operating conditions, and
also to establish reference data for the expansion of reactor coolant system components which
could be used for future evaluations.
Basepoint measurements were taken at various points around the reactor coolant system with
the system in the cold condition. These measurements were compared to measurements taken
at the same points under hot conditions. An analysis of the data revealed no restraining problem.
14.6.1.5.5

Flow Coastdown Test

The Ginna flow coastdown test was performed without incident on December 14, 1969. The
data was analyzed and found to agree favorably with Figure 14.1.6-1 of the original FSAR.
Curves of the reduced information are presented in Figure 14.6-9.
The signals for flow recorded during the tests were in the form of a differential pressure (delta
P) measurement. Flow as a fraction of nominal is obtained by taking the square root of the
normalized delta P value. Data was taken and reduced for the two-loop total loss of flow and
for both single-loop coastdowns, all from full flow.
Figure 14.6-9, Sheets 1 through 3, shows the individual loop coastdown curves determined
from the plant data. In order to make a comparison with the design curve, a total core flow
was determined by averaging the individual loop flows. These comparisons are found in
Figure 14.6-9, Sheets 4 and 5. The time to 50% flow for the two-loop coastdown was
predicted at 12.3 sec while the plant was found to take more than 13.5 sec. The one-loop
coastdown (Figure 14.6-9, Sheet 5) also shows the safety analysis predicted curve reaching
half flow sooner than the actual, but the prediction has the slower flow up to that point.
It was therefore concluded that the plant coastdown rate is consistent and conservative with
respect to the FSAR value in order that departure from nucleate boiling be prevented.
Although the core flow for the one-loop loss of flow fell faster than predicted, the two-loop
coastdown is the limiting case and it is in agreement with the FSAR design value.
14.6.1.5.6

Natural Circulation Test

The Ginna natural circulation test was completed successfully on January 18, 1970. The data
was evaluated and found to be in excellent agreement with the predictions reported in the
original FSAR, Section 14.1.12. The comparative information is presented in Figure 14.6-10.
A record of nuclear power, coolant average temperature, delta T, and pressure data taken from
the control board instrumentation was checked against data trended on the plant computer
during the test and found to compare favorably. A primary flow was then calculated, based
on the power level (measured by the nuclear instrumentation system), and the other directly
measured parameters. The data recorded for the flow calculation are shown in Figure 14.610, Sheet 1. Figure 14.6-10, Sheet 2, is a curve of the FSAR prediction with the flow points
calculated from the measured data at two power levels of the test.
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It is thus apparent that natural circulation does occur and that it is more than adequate for
decay heat removal. Furthermore, the flows determined from the plant data are in excellent
agreement with the predicted curve.
14.6.1.6
14.6.1.6.1

Miscellaneous Safety-Related Tests
Backfeed from the 115-Kilovolt Grid Test

The purpose of this test was to ensure that power can be fed back from the 115-kV grid
through the main and auxiliary transformers to the station auxiliaries, in the event of an
extended outage of the station auxiliary transformer as specified in the original FSAR. More
specifically, this test was to prove that the 115-kV cable from station 13A to Ginna Station,
the 115-kV to 19-kV main generator transformer, the 19-kV bus duct, and 19-kV to 4.33-kV
unit auxiliary transformer could be energized from the 115-kV substation, without risk of
damage to the transformer or the high voltage lightning arrestors.
The normal station and system safety holding rules were strictly adhered to during the test.
To perform this test, it was necessary to disconnect the terminals of the main generator from
the isolated phase bus duct by removing the flexible connectors in the lead box under the
generator for the test duration. A visicorder for recording voltage transients was installed in
the 19-kV potential transformer secondaries.
The normal feed to the station auxiliaries during the then existing plant conditions (MODE 5
(Cold Shutdown)), was from circuit 767 through auxiliary transformer No. 12. This circuit
was deenergized and the main transformer was energized from the 115-kV system by
energizing circuit 912. The results of the test follow:
Steady-state post switch voltage (no auxiliary load)
A

68.5 V

0.99/unit

B

68.5 V

0.99/unit

C

68.5 V

0.99/unit

Peak maximum transient voltage
A

1.22/unit

B

1.06/unit

C

1.06/unit

Cycles to near steady-state (clean sine wave)
1120 cycles
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OCB pole closing angle (breaker 91202a)



a.

A

0.7

B

0

C

2

This is not the only breaker that could be used for this test

There was no evidence of any significant dynamic envelope occurring during this test.
The magnitude of the peak transient voltage was less than expected. This could be due to a
combination of two factors.
A. Location of the measuring point on the opposite side of a three-phase wye-delta transformer
from the impinging transient. However, even though higher per unit transients would
probably have been measured on the 115-kV side of the transformer, indications are, from
our test results, that these were not excessive.
B. Extremely small OCB pole closing angles. This could change with the number of circuit
breaker operations or the use of a different circuit breaker such as OCB No. 1G1372.
The harmonic disturbances on top of the 60-cycle fundamental lasted for a much longer time
period than expected. However, they did not appear to be severe enough to cause any
problems. The test was performed on September 21, 1969.
14.6.1.6.2

Blackout Test Without Safety Injection Test

This test was basically concerned with the ability of the diesel generators to supply
emergency power to the 480-V buses in the event that normal outside power is lost. This
includes the clearing of the buses of loading if outside power is lost so that the diesel breakers
will not close to a fully loaded bus.
The loss of power was simulated by simultaneously tripping the 4160-V supply breakers, 52/
12A and 52/12B. Since the individual switchgear and 480-V switchgear interlocks were
tested previously in the diesel test, no problems occurred.
Because they were not covered in other tests, the logic and opening and closing of the steam
supply valves to the steam-driven auxiliary feedwater pump were tested and results were
satisfactory.
14.6.1.6.3

Main Steam Isolation Valve Test

It was the intent of this test to demonstrate that the main steam isolation valves function by
simulating a high-high containment pressure alarm and that the valves close in the prescribed
amount of time.
To prove that the valves would function by simulating a containment high pressure necessitated
modifying the test procedure slightly to allow the test to be done in two steps because of
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plant status. The relays driven by the containment pressure transmitters were tripped
manually to demonstrate steam-line isolation. At a later date, the containment high pressure
was simulated at the pressure transmitters to demonstrate that the relays would trip. When
this portion of the test was done, the valves were prevented from operating by removing the
control air from the valve operator.
The timing of the valves was performed with satisfactory results since specified maximum
closing time is 5 sec and the valves actually closed in 1 sec. The maximum opening time of
the valves was observed to be 3 sec. The operation of the main steam valve isolation function
was included in other tests and all of the logic trains that actuate main steam isolation were
verified to perform as intended in the Reactor Trip System (RTS) operational test (Section
14.6.1.6.6).
14.6.1.6.4

Fire Service Water Test

This test was a functional test of the fire protection system intending to verify the design
criteria of the booster, and diesel-driven and motor-driven fire pumps, as well as to ensure
that all fire detecting devices, alarms, and control functions performed as intended. The test
procedure was revised to conform to the updated standards of Nuclear Energy Property
Insurance Association (NEPIA). All criteria were met with satisfactory results.
14.6.1.6.5

Electrical System Logic Test

The purpose of this test procedure was to specify the operations necessary to operationally
test the following systems:
•

Turbine and generator protection.

•

Emergency power system logic.

•

Rod stop.

•

Turbine load reduction.

Where applicable these tests involved a checkout of the analog system followed by logic train
A and B checks. Also, where possible, the tests were performed with and without blocking
and permissive circuits actuated. The actual tripping of circuit breakers, closing of valves,
and starting of diesel generators was not demonstrated in this test, but rather the activating
devices, relays, controllers, etc., were monitored with the final action blocked. The
performance of this test was carried out over a long period of time which included many
retests as is normal for a test of this type. All components and functions of the systems being
tested were tested satisfactorily.
14.6.1.6.6

Reactor Trip System (RTS) Operational Test

This test procedure was very similar to the electrical system logic test-testing to provide the
operations necessary to operationally check out the reactor trips of the Reactor Trip System
(RTS). The checkout involved a test of the analog system tripping followed by logic train A
and B testing. The logic system testing was done with and without covering manual or
blocking circuits.
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It was first demonstrated that the reactor trip breakers would open automatically and then for
the remainder of the test the trip breakers were prevented from opening and the devices that
actually tripped the breakers were monitored for performance. Once again, this was a long
and complex test that was eventually completed with all objectives satisfactorily met.
14.6.1.6.7

Reactor Coolant System Hydro Test

The function of this test was to verify the integrity and leaktightness of the reactor coolant
system and the high pressure portions of the auxiliary systems at 3105 psig (1.25 times the
design pressure). All the necessary precautions were taken before the start of the test in that
the system had been flushed with high-grade water, the water volume of the reactor coolant
system was within the chemical Technical Specifications for cold conditions, pressurerelieving devices were set to relieve at 3120-3170 psig, the participating systems were
aligned, no visible leaks were apparent, all possible safety precautions had been taken, and
the temperature of the reactor coolant system was above that necessary to pressurize the
system.
The reactor coolant system was then pressurized to 1000 psig, with the charging pump and
HCF-123 (excess letdown pressure control valve). Upon reaching 1000 psig, the pressure
was maintained constant while inspection parties investigated the systems involved for leaks.
This procedure was followed for 1500, 2000, 2500, and 3110 psig with only minor problems
encountered. This test was successfully completed March 1, 1969, at 1800 hours.
14.6.1.6.8

Ventilation Systems Test

Several tests were written and performed on the various ventilation systems of Ginna Station.
The primary purpose of these tests was to functionally check out the systems and to ensure
that design flow rates were achieved without overtaxing components and to ultimately
balance the systems for flow. These tests were performed by Thomas & Young Associates
with RG&E personnel in attendance. Upon completion of these tests RG&E engineers spot
checked the various systems using RG&E test equipment to verify the test data.
14.6.1.6.9

Preoperational Containment Vessel Leak Rate Test

The object of the initial preoperational integrated leakage rate test was to establish the degree
of leaktightness of the reactor containment building, penetrations, and isolation valves at the
design pressure of 60 psig and to establish a reference test for subsequent retests at 35 psig.
The allowable leakage of 0.2% per day was defined by the design-basis accident applied in
the safety analysis for Ginna Station in accordance with the site exposure guidelines set forth
in 10 CFR 100.
The allowable integrated leakage rates for the test were as follows:
Conditions

Allowable Integrated Leak Rate
(%/day)a

Accident, 60 psig at 286F

0.1000

Test, 60 psig at 93F

0.0731
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Conditions

Allowable Integrated Leak Rate
(%/day)a

Test, 35 psig at 93F
a.

0.0597

See item (B) in this section.

During the test period of 6.50 days, the structural integrity test on the reactor containment
structure was also conducted. A maximum internal pressure of 69 psig (1.15 times 60 psig
design pressure) was used for the structural integrity test. The leakage rate data was gathered
over a period of at least 24 consecutive hours after conditions were stabilized at each
pressure.
Following each 24-hour period, a controlled leakage rate was superimposed on the reactor
containment building to verify and validate the test instrumentation.
A. The reactor containment structure leakage rate at 59.9 psig and 93.2F was found to be
0.0219 0.0168% per day.
B. The leakage rate at 35.1 psig and 93.8F was -0.0059 0.0180% per day. The negative
value indicates that the leakage rate was less than the instrumentation sensitivity and ability
to react in a relatively short (24-hour) period. With a longer test time, the reduction in error
would have led to a better averaging and more definition of the finite rate. When a
controlled leakage rate of 4.9 lb/hr was superimposed on the vessel at 35 psig, the
calculated rate of 5.05 lb/hr demonstrated the satisfactory performance of the
instrumentation.
C. Primary boundary leaks were noted in six penetrations during the test. The resulting
leakage was, of course, a part of the overall leakage rate.
D. Comparison of test instrumentation calibrations before and after the test was made and
negligible differences were noted.
E. It was not necessary to superimpose a fixed leakage rate at both pressure levels; one was
considered sufficient, preferably at the retest condition.
Figure 14.6-11 describes the actual containment vessel pressure versus time. Figure 14.6-12
describes the pressurization system.
14.6.1.6.10 Structural Integrity Test
The Gilbert Associates Report, GAI 1720, Structural Integrity Test, presented the results and
observations made on the reactor containment during the structural integrity test on April 11,
1969, to April 14, 1969, and during subsequent depressurization which was concluded on
April 18, 1969. The conclusions of the structural integrity test were obtained from the
interpretations of test data and responses of the reactor containment when subjected to a
maximum internal pressure of 69 psig (115% of design pressure-60 psig).
Most of the structural integrity test instrumentation performed well and their recorded data
are regarded as being valid. Some discrepancies in the data were noticed and the significant
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discrepancies were noted and discussed. The number of discrepancies was small compared
with the amount of data recorded.
The results of the structural integrity test showed the stresses, strains, and displacements
were within the limits as defined in the original FSAR and the GAI predicted results. The
whitewash areas revealed crack patterns and spacings in good agreement with the GAI
prediction; no horizontal cracks were found in dome concrete except for construction joints.
The base shear restraint was stiffer than anticipated. The strains and displacements of the
cyclinder wall, the discontinuity of dome and cylinder wall, and the dome revealed that the
structural stiffness of the containment is greater than anticipated.
The structural capacity of the containment met and exceeded its imposed criteria.
14.6.1.6.11 Reactor Trip System (RTS) Operation Time Response Test
The intent of this test was to determine the response time from the time the plant protection
parameters reach their trip setpoints until the tripping time of the reactor trip breakers. In the
procedure, the reactor trip time from the deenergizing of the undervoltage coil to the actual
tripping of the breaker was recorded, and thereafter in succeeding tests the time from trip
setpoint to operation of the undervoltage coil was recorded. From this information the total
time from trip setpoint to breaker trip was determined for each of the trip parameters. The
trip response time limits as specified in Chapter 14 of the original FSAR were proven to be
conservative by the results of this test.
14.6.1.7

Operational and Transient Tests

The tests of this category were designed to test the reactor control and protection systems
response.
14.6.1.7.1

Ten Percent Load Swing Test at Thirty Percent Power

The purpose of this test was to introduce a 10% load decrease and verify the nuclear plant
transient response including automatic control systems performance and then introduce a
10% increase in load and verify the response and performance again.
The power level was 113 MWe when the test began and 70 MWe after the 10% reduction of
load. The load increase was from 70 MWe to 113 MWe. In either case the control system
brought the nuclear plant smoothly to the new power level, and there was no measurable
amount of nuclear power overshoot. No alarms were observed on the 10% load decrease.
Alarms were observed on both steam generators on the load increase.
In both cases rods moved at full speed for about 30 sec and then for a short period at low
speed. The rods remained stationary for some 8 min after which they moved two or three
steps in the reverse direction at about one or two steps per minute. Steam generator control
was smooth and no manual intervention was necessary. On the decrease in load the level in
the steam generators decreased about 5% and on load increase the level rose about 5%. TAVG
swing was limited to about 2F. The pressurizer pressure swings were limited to about 20 psi.
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14.6.1.7.2

Generator Trip Test

The objective of this test was to verify the ability of the automatic control system and the
secondary plant to sustain interaction between systems and accommodate a net electrical load
loss from below a 50% power level. The test results were to be evaluated to determine
possible changes in control setpoints in order to improve the transient response based on
actual plant operation.
The initial power level of the plant was 110 MWe. The main transformer high-side circuit
breakers were opened to achieve loss of load. The final power level after the trip was 12
MWe, enough to sustain the plant auxiliary load. The control system responded smoothly and
equilibrium conditions were reached in 15 min after loss of load. Controlling rod control
bank D moved into the core from 194 steps out of the core just prior to loss of load to 65 steps
out of the core at equilibrium conditions. This test was successful.
14.6.1.7.3

Ten Percent Load Swing Test at Seventy-Five Percent Power Level

This test procedure verified the nuclear plant transient response, including automatic control
systems performance, when step load changes were introduced at the turbine generator. This
test had been performed at a 30% power level previously. The plant load at initial conditions
of this test was 348 MWe. A step change to 291 MWe was introduced. After equilibrium
conditions were reached, a step change back up to 348 MWe was introduced.
No problem was incurred with either step change. The control system brought the plant to the
new power level in approximately 3 min. There was no noticeable overshoot of any major
variable. The rods stepped into the core at a rate of 72 steps per minute for 35 sec on the load
decrease and stepped out at a rate of 72 steps per minute for 40 sec on the load increase.
Alarms on Load Decrease
1. Steam generator level deviation, loop A.
2. Steam generator level deviation, loop B.
3. Pressurizer low pressure.
4. Feedwater heater and drain tank level.
Alarms on Load Increase
1. Steam generator level deviation, loop A.
2. Steam generator level deviation, loop B.
3. Pressurizer low pressure.
4. Feedwater heater and drain tank level.
5. Charging pump speed.
14.6.1.7.4

Fifty Percent Load Reduction from Seventy-Five Percent Power Level Test

The purpose of this test was to verify the ability of the automatic control system and the
ability of the secondary plant to sustain a 50% load rejection from 75% of full power, and the
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interaction between the systems. Particular attention was paid to the operation of the steam
dump system. Figure 14.6-13 shows some of the more interesting recordings of process
variables. The 10% load swing test at 75% power preceded this test by a short time and the
variations of the process variables for both tests can be seen in Figure 14.6-13. The test was
begun with a power level of 347 MWe and control rods of the controlling bank D at 215 steps
out of core. Following the 50% load reduction, the plant leveled off at equilibrium conditions
in 17 min and 138 MWe and a bank D position of 35 steps out of core.
The turbine power was run back smoothly during the reduction. Margin to delta T trips
increased smoothly. Rods moved in at maximum speed for 1 min and 12 sec. Delta T
setpoint 1 dropped to 48F while actual delta T dropped faster. Six steam dump valves
opened and gradually modulated down to two valves open and oscillating slowly but
acceptably.
Six min after test initiation rods were at 69 steps out of core on bank D. Pressurizer level rose
from 41% to a peak of 48%.
Alarms That Functioned During Load Reduction
•

Steam generator level deviation A and B.

•

Hotwell level - high.

•

Steam generator high feedwater flow loop A.

•

Nuclear instrumentation system power range upper detector high flux deviation.

•

Pressurizer low pressure.

•

High feedwater flow loop B.

•

Steam generator low level loop A single channel alert.

•

Feedwater heater and drain tank level.

•

Nuclear instrumentation system power range lower detector high flux deviation.

•

Average TAVG minus T reference deviation.

•

Steam generator high level loop A channel alert.

•

Steam generator high level loop A.

•

Feedwater pump seal-water low differential pressure.

It can be seen on the "A" steam generator feedwater flow recording that there was instability
of flow. The control system was allowing the "A" steam generator level to reach 68%, where
the feedwater isolation scheme was activated, which accounted for the sharp decrease in flow.
The sudden increase in flow after an isolation occurrence was caused by the automatic
resetting of the feedwater valve control whereby the valve was allowed to open again. This
situation was corrected by changing the "A" steam generator feedwater valve controller
response characteristics.
14.6.1.7.5

One Hundred Percent Power Level Transient Tests

Ten percent and 50% load swing tests were performed at the 100% load level that were
identical to the same load swing tests at 75% power level. The results of these tests were
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satisfactory and similar to those at the 75% level. On March 14, 1970, a plant trip test from
100% power level was successfully conducted. The purpose of the test was to verify the
ability of the primary and secondary plant to sustain a trip from 100% power and bring the
plant to a MODE 3 (Hot Shutdown) condition in an orderly manner. The test was initiated
by pushing the manual turbine trip button on the main control board. The following was
verified:
A. The turbine and reactor trips did occur.
B. The steam dump valves did open.
C. Pressurizer safety valves and Main Steam Safety Valves (MSSV) did not open.
D. The safety injection system did not operate.
E. All control rods were inserted in the core.
One Hundred Percent Trip Alarm Annunciations
•

2200 hours

•

Manual turbine trip.

•

Reactor trip.

•

Number 1 generator voltage regulator field forcing.

•

Turbine valves single-channel alert.

•

Turbine valves auto stop.

•

Air to extraction dump valves tripped.

•

Feedwater heater and drain tank level.

•

Condenser hotwell level.

•

Condensate header pressure.

•

Feedwater pump seal water low differential pressure.

•

Feedwater pump low suction pressure.

•

Feedwater pump light load.

•

Feedwater pump seal water filter line.

•

Auxiliary feedwater pump light load.

•

Reactor coolant low TAVG loop A and B.

•

Reactor coolant TAVG deviation.

•

Average TAVG deviation.

•

Pressurizer low pressure.

•

Pressurizer safety valve high temperature.

•

Nuclear instrumentation system power range upper-high-flux deviation.

•

Nuclear instrumentation system power range lower-high-flux deviation.

•

Nuclear instrumentation system power range rod stop-rod drop.
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•

First out indication annunciator.

•

Turbine auto-stop.

•

Turbine valves.

•

Steam generator low-low feedwater level loop A.

•

Steam dump armed.

•

Steam generator level setpoint deviation A and B.

•

Rod bottom rod stop.

•

Rod control urgent failure rod stop.

•

115-kV panel.

2210 hours
•

Pressurizer liquid high temperature.

2215 hours
•

Condensate storage tank (CST) level.

The plant functioned as expected with no major deviation from design intent.
14.6.1.7.6

Operational Dynamic Rod Drop Test

The purposes of this test were as follows:
A. Demonstrate the operation of power range rod drop detection circuits and to provide a basis
for the optimum adjustments of setpoints.
B. Demonstrate the operation of turbine runback controller and blocking of automatic rod
withdrawal.
C. Evaluate the plant transient response following a dropped rod and demonstrate the
adequacy of the dropped rod recovery procedure.
Plant power level was 40% at test initiation. The selected rod J-10 was dropped by removing
the fuse from the rods stationary gripper coil circuit. The nuclear plant control system
responded smoothly during this transient, but the turbine runback system did not reduce
turbine load sufficiently to compensate for the reactivity decrease caused by the dropped rod.
The turbine runback was completed manually.
The dropped rod detection was successful as shown in Figure 14.6-14. The four recordings in
the figure are of each of the nuclear power channel signals. The two traces of each recording
are the signals of the upper and lower ion chambers of a channel.
The dropped rod was detected by the rod position indicator on the main control board and the
illumination of the rod bottom light. Verification of the dropped rod was made by the rod
position digital voltmeter on the main control board and in-core thermocouple temperature
computer printout. Verification could also have been made by running a flux map. On
December 10, 1969, while at 30% power, rod J-7 was dropped to the bottom of the core and a
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flux map taken at that time confirmed the satisfactory detection of a dropped rod by flux
mapping.
The following alarms were actuated during the transient:
AA. Nuclear instrumentation system power range upper detector high flux deviation or auto
defeat.
BB. Nuclear instrumentation system power range channel deviation.
CC. Nuclear instrumentation system power range rod drop rod stop.
DD. Rod bottom rod stop.
EE.

Steam generator level deviation loop A.

The dropped rod recovery procedure was proven adequate in this test.
This test was successfully rerun the following week after the initial attempt with a satisfactory
turbine runback performance.
14.6.1.7.7

Delta T Zero Power Alignment and Delta T Channel Span Adjustment Tests

The delta T zero power alignment test provided instructions for the zero alignment for all four
delta T channels. The normal resistance temperature detector inputs into the Dana amplifier
(first amplifier of the reactor control and protection system) were disconnected and precision
decade boxes were connected to the input of the Dana amplifier and a direct reading
voltmeter connected to the output of same. A linearity check of the amplifier was made
using the resistance values provided by the test procedure. With the plant at MODE 3 (Hot
Shutdown) conditions the amplifier was adjusted to produce an output corresponding to
0.0F.
The delta T channel span adjustment test provided a curve of amplifier output versus plant
load. Upon reaching approximately 75% power, a calorimetric was performed to determine
actual level. The Dana amplifiers of each of the protection channels were span adjusted for
the actual power level to provide an output as dictated by the linear curve of amplifier output
versus plant load.
14.6.1.7.8

Nuclear Instrumentation Calibration and Reactor Coolant System Flow
Confirmation

The purpose of this procedure was to specify the requirements for obtaining data for nuclear
instrument calibration and reactor coolant system flow confirmation and to check the
performance of the nuclear instruments by:
A. Obtaining a plot of anode voltage versus source range instrument output for use in setting
source range anode voltage.
B. Obtaining nuclear instrument channel overlap data during increases and decreases in power.
C. Plotting power range detector currents to verify linearity of detector outputs.
D. Determining operational settings of instrument compensating voltages and test current
values.
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E. Obtaining a plot of detector voltage versus output for intermediate and power range output
for use in setting detector voltage.
A plot of source range detector (B10) anode voltage versus detector output in counts per
second was obtained for each source range detector as follows:
AA. Prior to core loading and prior to initial criticality, data was obtained for anode voltage
plot using startup source.
BB. One to 2 hours after shutdown from power operations of at least 500 MW days. (These
plots were performed with neutron flux resulting from gamma-neutron reactions in the
core and a significant gamma field incident on the detector).
With the source range channel adjusted per the NIS Instruction Manual, anode voltage was
varied in 25-V steps over its adjustable range, without exceeding the maximum allowable
operating voltage of 1000-V dc. Data was obtained of anode voltage versus counts per
second (cps), and plotted for each of the two conditions specified above. The anode voltage
setting was determined from the plot using the criteria that the voltage should be set at a point
above the start of the plateau, corresponding to one third of the voltage plateau length. The
anode voltage was set and recorded on a data sheet.
Immediately after anode voltage data was obtained for the condition 2 above, and after setting
the anode voltage, the discriminator voltage was varied in 0.2-V steps over the operating
range and data was obtained to perform a plot of discriminator voltage versus cps.
Discriminator voltage was adjusted to a point determined from the plot.
The four power range nuclear instrument channels were calibrated based on a calorimetric
measurement of the secondary system. The power delivered by each steam generator was
determined by measurement of feedwater flow, feedwater temperature, and steam pressure. A
second method of determining the power delivered by the reactor was by measuring the delta
T across each reactor coolant system loop and the reactor. The delta T measurements
were used to verify the feed flow method and were also used as a means of verifying loop
flow. Measurements of feed flow were made by venturi meters installed in the feed flow lines
to each steam generator. Differential pressure instruments installed across the venturi meters
indicated differential pressure which was used to determine reactor power from a curve of
feedwater temperature versus the square root of differential flow pressure. Percent reactor
power was determined for each power level and a calorimetric calibration was performed by
summing the power being delivered by each steam generator as determined from the curve
(less net thermal input due to pump operation, radiant heat loss and letdown) and dividing by
the design full power output. Percent power was computed as follows:
Power % = [(Power loop A + Power loop B - Power heat gains) x 100] / 4437 x 106 Btu/hr
In performing a calorimetric calibration, plant power was increased to the approximate level
as indicated by the feed flow differential pressure detector and as a backup by the watt meter
in the main generator output. In increasing power to the levels specified in the tabulation
below, the feedwater flow differential readings and watt meter readings as indicated below
were not exceeded for specified power.
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Final Approximate Power

Feedwater Flow D/P Meter

Watt Meter Reading

Level (%)

Reading

(MWe)

30

(Obtained from curve)

150

50

(Obtained from curve)

240

75

(Obtained from curve)

360

100

(Obtained from curve)

460

Once the nuclear instrument calibration data had been taken, the reactor power calculations
were performed by feed flow, and by reactor and loop delta T methods. Using the results of
these calculations, the gain of the power range channel indicating closest to the calculated
power by feedwater flow was adjusted. Following this gain adjustment, the gain of the other
three channels was adjusted as necessary to match this channel. Prior to adjusting the gain of
power range instruments, an examination of the flux maps and out-of-core flux (current)
readings was made for the power at which the calorimetric data was taken, for any
asymmetrical flux pattern that could explain any difference in out-of-core indication.
Reactor power determined from delta T measurements was used for informational purposes.
Reactor power was computed using loop and reactor delta T measurements as follows:
Loop Delta T (Spare Resistance Temperature Detectors Th-Tc) Method

(Equation 14.6-1)
A plot of average power range detector current versus power to determine degree of linearity
was made.
A plot of power range detector current versus detector voltage at near full power condition to
determine operating voltage (twice voltage for 90% of saturated current condition) was made.
An in-core flux map was made for each steady-state power level for obtaining nuclear
instrumentation calibration data.
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An approximation of design reactor flow was computed using differential temperature
measurement and reactor power as one means. Both loop and reactor differential
temperatures were used in making these computations.
14.6.1.7.9

Ex-Core In-Core Calibration Test

It was the function of this test to establish a relationship between in-core and ex-core
generated axial offset and delta flux.
The results of this test were later used to calibrate the upper and lower detector channels and
to align the axial offset signals to the delta T setpoints.
With the part-length control rods inducing an axial offset by virtue of their position in the core
(10 steps from the bottom) and with the plant electrical load maintained constant, a flux and
thermocouple map was run under these conditions and the ex-core detector voltages were
recorded periodically. This same procedure was followed with the part-length rods located 85
and 160 steps out of core. Two more runs were made with bank D positioned on the bottom
of the core as opposed to about 15 steps from the bottom, as was the case in the first three
runs.
This test was again run at 75% power to verify the channel settings and to further refine
settings for extrapolation to 100% power.
This test did establish the fact that there was a fairly linear relationship between the in-core
and ex-core axial offset and a linear relationship between offset and power level.
14.6.1.8

Startup Physics Testing

14.6.1.8.1

Introduction

An extensive physics testing program was conducted to see if the core reactivity
characteristics and power peaking were close to design calculations and conservative with
respect to assumptions used in the safety analysis. Measurements were made to determine:
A. Core reactivity parameters, including reactivity coefficients and control rod bank worths.
B. Power distributions, from zero to full power, with and without control rod bank insertion.
C. The effects of abnormal rod configurations, including individual rods fully withdrawn, fully
inserted, and intermediate out-of-position configurations.
D. The adequacy of the ex-core instrumentation to monitor core performance for both normal
and abnormal control rod configurations.
The conclusions drawn from the physics program results were as follows:
AA. The core performance was quite close to the design predictions.
BB.

The measured values for physics parameters required for safety analyses were less
restrictive than the assumed values.

CC.

The core instrumentation system was successful in monitoring the core power
distribution and sensing power asymmetry.
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14.6.1.8.2

Power Distribution Measurements

The power distribution measurement results were documented separately in WCAP-7542-L,
September 1970, Topical Report: Power Distribution Monitoring in the R. E. Ginna PWR.
The responses of the ex-cores, thermocouples, and incore movable detectors to both normal
and abnormal power distributions are discussed therein.
14.6.1.8.3

Zero Power Critical Boron Concentrations

A summary of key reactivity measurements made during the initial physics tests is presented
in Table 14.6-2. These zero power measurements are in excellent agreement with predicted
values with the exception of the stuck rod configuration which has all rods but one inserted.
The measured boron concentration is less than the predicted value, indicating the reactor had
a greater total rod worth than predicted for the limiting stuck rod configuration.
14.6.1.8.4

Reactivity Coefficients and Shutdown Margin

In Table 14.6-3 the isothermal temperature coefficients are in good agreement with the
predictions. It should be noted that the positive coefficient does not exist with the normal rod
configuration at zero power or at any other power level. This all-rods-out case was achieved
only for the purpose of the test program and was specifically permitted by the Technical
Specifications.
The measured doppler coefficients shown in Table 14.6-3 are larger than predicted. The shutdown margin calculated from measured data is greater than the design value by roughly 0.3%
reactivity. The greater measured doppler defect is overcome by the greater measured rod
worth with one stuck rod for a small gain in shutdown margin.
14.6.1.8.5

Ejected and Dropped Rod Worths

The statically ejected and dropped rod worths are listed in Table 14.6-4. In the safety
analyses, the ejected rod for the zero power case was assumed to be worth 1% reactivity. The
measured value (0.75% reactivity) shows this assumption was conservative. The measured
ejected rod for the limiting full power configuration was 0.30% reactivity, compared to
0.365% assumed in the safety analysis. The measured power peaking factors (documented in
WCAP-7542-L) for these two rod configurations are compared to the values assumed in the
safety analyses at the bottom of Table 14.6-4.
The dropped rod reactivities presented in Table 14.6-4 are not directly related to any safety
concern; no minimum or maximum limit was used in any original FSAR safety or accident
analysis.
14.6.1.8.6

Xenon Oscillation Test

An xenon oscillation test was performed to determine the dampening characteristics of the
12-ft core. The oscillation was induced by bank D insertion for 4 hours, then the bank D was
withdrawn. The part-length bank was held at the midplane throughout the test. The initial
oscillation had the following characteristics:
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Period

28 hours

Amplitude (t + 1/2 period)/Amplitude (t)

0.5

The oscillation was again induced, but axial symmetry was maintained using part-length rod
movement to counteract the xenon oscillation. The part-length rods successfully held axial
offset at 0%.
14.6.2
14.6.2.1

POWER TEST PROGRAM TO 1520 MEGAWATTS THERMAL
Test Description

Rochester Gas and Electric Corporation obtained an amendment to the operating license for
the R. E. Ginna Nuclear Power Plant on March 1, 1972, which authorized an increase in the
plant output from 1300 to 1520 MWt. The testing program during the initial escalation in
power to 1520 MWt was performed in March and April 1972. The objective of the program
was to ensure a well-documented transition from 1300 to 1520 MWt. The core average
burnup was 14,800 MWd/metric ton uranium.
A set of base conditions was measured at 1300 MWt before power escalation was initiated to
serve as a basis for comparison with subsequent tests. These base conditions included
chemical and radioactivity levels at typical locations, radiation measurements, power
distribution measurements, and a core performance evaluation. These tests were repeated at
intermediate power levels of about 1380 MWt and 1455 MWt, before going to the full power
level of 1520 MWt.
Figure 14.6-15 displays the reactor power level as a function of time for the test period.
There were several distinct phases to the uprating program. Following a 5-day plant shutdown, a number of reactor physics parameters were measured at hot zero power. While these
zero power tests were not a necessary portion of the testing program, the shutdown did afford
an excellent opportunity for obtaining end-of-cycle physics data for use with nuclear design
calculations.
At the completion of the zero power testing, the power escalation program was initiated. As
can be seen in Figure 14.6-15, this escalation was comprised of several discrete steps, from 0
to 1300 MWt, from 1300 to 1380 MWt, from 1380 to 1455 MWt, and in mid-April to 1520
MWt. After each new power level was reached, a number of tests and measurements were
performed. These included flux and delta T measurements, containment vessel radiation
surveys, and primary coolant activity level measurements. Data obtained at each power level
were reduced and evaluated before the core power was increased. In addition, careful
attention was paid to system components during all phases of the escalation program.
As power was increased to 1300 MWt, the power coefficient was measured and the power
defect obtained. A review of test results at 1300 MWt, including a detailed check of the flux
map results showed good agreement with the expected data. Data obtained at 1380 MWt also
displayed this good agreement with predictions, thus justifying a further power increase to
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1455 MWt. In addition to the tests outlined above, flux maps were obtained at 1455 MWt to
facilitate the generation of the axial offset f(delta I) setpoints for operation at 1520 MWt.
Two phenomena caused further power escalation beyond 1455 MWt to be postponed. A
higher than expected primary coolant activity was encountered and steam line vibration was
noted. The results of all other tests were favorable and indicated that power could be raised to
1520 MWt.
On April 12, 1972, shortly before the cycle 1B MODE 6 (Refueling) shutdown, core power
was increased to 1520 MWt for approximately 6 hours. The escalation from 1300 MWt
proceeded at 1% power per hour and followed 4 days operation at 1300 MWt for primary
coolant activity cleanup. Plant improvements had been implemented to remedy the steam
line vibration problem. The purpose of the operation at 1520 MWt was to test the secondary
system at 1520 MWt before the annual maintenance period and to test the fuel prior to
conducting the fuel inspection. After completing all tests outlined above, the reactor was
returned to 1300 MWt.
Testing performed during the power escalation program demonstrated that the plant could be
operated at 1520 MWt. Core flux and delta-T maps showed that, as expected, there was very
little change in assembly relative power levels as core power was raised from 1300 to 1520
MWt. Margins to the core safety limits remained large. For example, the measured peak
FNQ, including a 5% measurement uncertainty, was 1.63. This may be compared with the
Technical Specification limit at that time of 2.72. One reason for the low measured value is
that a full cycle of depletion had taken place; peaking factors are expected to be largest at the
beginning of a cycle.
The containment radiation surveys did not reveal any unexpected increases in radiation levels
during or following the escalation program. The primary-coolant radioactivity levels did,
however, increase more rapidly than expected, particularly for the shorter-lived isotopes such
as Xenon-135, Krypton-87, and Krypton-88. The effect of the power escalation on fuel rod
integrity can best be analyzed by comparing primary coolant activity following equilibrium
operation at 1300 MWt prior to early March with the activity at 1300 MWt in early April.
These data indicate that some additional fuel rods probably failed between early March and
early April. The data obtained at 1520 MWt could not be evaluated in this fashion since
several days of operation at a given power level is required to reach equilibrium coolant
activity conditions. The small increase in coolant activity noted at 1520 MWt compared to
the 1300 MWt levels did indicate the beneficial effect on coolant activity of increasing power
level slowly.
A comprehensive testing program was established and followed to ensure an orderly power
escalation. Care was taken to evaluate all available information before proceeding to new
power levels greater than 1300 MWt. This care ensured that a safe and well-documented
program was carried out which resulted in demonstrating that the core could be operated at
1520 MWt.
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14.6.2.2

Steam Generator Moisture Carryover Tests

Steam generator moisture carryover tests were performed at each power level during the
uprating test program and at 1520 MWt in April.
The results of these tests were as follows:
Power

Date

Percent Carryover

1300

March 11, 1972

0.02

1380

March 12, 1972

0.052

1455

March 13, 1972

0.21

1455

March 14, 1972

0.22

1520

April 12, 1972

0.519

The moisture carryover met the 0.25% requirement at the warranted power level of 1455
MWt.
14.6.2.3

Assembly Delta T Measurements

In conjunction with each flux map, a complete set of assembly temperature rise
measurements was taken. Before proceeding to a new power level above 1300 MWt, the last
set of thermocouple data was extrapolated to the new power level based on the power
increase and on the expected assembly relative powers. While the temperature
measurements are not as accurate as the flux measurements, they do provide a quick check
of the assembly power levels. In general, the measured assembly exit temperatures were
within 1F of the expected values. (The temperature rise through the core at 1520 MWt is
approximately 58F.) In the few cases where the differences were larger than 1F, the flux
maps ensured that the assembly power levels were as expected.
14.6.2.4

Plant Radiation Surveys

Radiation surveys were made throughout the plant with portable survey instruments during
the power escalation program. Gamma and neutron radiation levels were measured at a
number of points on the operating floor, the intermediate floor, and the basement of the
containment vessel. The measurements gave a rough estimate of the radiation levels in the
containment. Accuracy of the measurements was limited since surveys at different power
levels were taken by different people, a constant counting geometry could not be maintained
at each survey station, and the high radiation levels gave only a short time in which
measurements could be made. In addition, nonequilibrium effects and the changes in waste
treatment system flow rates could have introduced errors into the measurement.
It was expected that the neutron radiation levels would be proportional to the power. The
gamma radiation level should not, however, be proportional to power since it depends on
waste treatment. A summary of the data is presented in Table 14.6-5. The values listed in the
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table for radiation increase refer to the average of the surveys taken at a particular power level
and are related to the average obtained at 1300 MWt.
14.6.2.5
14.6.2.5.1

Reactor Physics Measurements
Zero Power Measurements

Following the scheduled 5-day shutdown prior to the uprating program and while at a
nominal hot zero-power level, a number of reactor physics measurements were performed.
The results are primarily of benefit in reactor design and development and were not an
important facet of the uprating program. These tests included:
•

Critical boron concentration - All rods out.

•

Isothermal temperature coefficient - All rods out.

•

Bank D differential and integral worth.

•

Critical boron concentration - Bank D inserted.

•

Isothermal temperature coefficient - Bank D inserted.

•

Bank C differential and integral worth (bank D inserted).

•

Critical boron concentration - Banks C and D inserted.

•

Isothermal temperature coefficient - Banks C and D inserted.

Basic results of the measurements are reported in Table 14.6-6.
The worths of bank D and bank C were less than those predicted and measured at the
beginning of cycle 1B. This might have been expected since the relative power in the rodded
assemblies decreased during the cycle. The plots of integral and differential worth for banks
D and C are presented in Figures 14.6-16 and 14.6-17, respectively.
The isothermal temperature coefficient was obtained as a function of boron concentration by
taking measurements of several different control rod insertion configurations. At a given rod
configuration, the moderator temperature was varied about a nominal value to obtain the
reactivity effect of such a change. The isothermal temperature coefficient was found to be a
nonlinear function of the boron concentration, as can be seen in Figure 14.6-18. Nonlinear
behavior was expected based on the curves presented in Section 3.2.1 of the original FSAR.
The nonlinearity may have been due in part to the different control rod configurations
employed. The changes seen in the nominal moderator temperature may have contributed to
the nonlinearity due to the effect on the neutron diffusion length as a result of changing
moderator density. The data at 616 and at 532 ppm of boron are about 10% less negative than
predicted for the end-of-life by the cycle 1B design report, while the value at 422 ppm agrees
well with the prediction.
14.6.2.5.2

At-Power Measurements

Upon conclusion of the zero power measurements, reactor power was increased to 1300 MWt
in several steps. During this increase, the power defect was measured. The integral power
defect (doppler, moderator temperature, and flux redistribution) from zero to 1300 MWt was
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measured to be 1.33% delta P at the critical boron concentration of 420 ppm. The reactivity
defect due to doppler and flux redistribution was obtained by removing the reactivity effect of
increasing the moderator TAVG and was found to be 1.00% delta from zero to 1300 MWt.
The values predicted at the end-of-life for the doppler defect and the power defect (not
including flux redistribution) are approximately 1.18 and 1.70 delta , respectively.
After correcting the data for variation in moderator temperature and xenon redistribution, the
power coefficient as a function of power was obtained. These data are plotted in Figure 14.619 Data were not obtained between 1300 and 1520 MWt because it was decided not to
subject the core to the rapid transient which would have been necessary. Power transients
had been found to result in a temporary increase in primary coolant activity.
Upon reaching 1300 MWt, the main portion of the uprating tests began. The intent was to
take core maps at 1300, 1380, 1455, and 1520 MWt. Each map was to be analyzed before
proceeding to a higher power level. At 1300 MWt, a reference flux map was taken to serve as
a basis for evaluation of the power distribution obtained at higher power levels. Excellent
agreement was found between the measurements and the predicted power distributions.
A flux map was taken at 1380 MWt and three maps, for use in the f(delta I) setpoint calibration,
were taken at 1455 MWt. Selected system parameters for these maps are given in Table 14.67.
In all cases, the agreement between measured and predicted power distributions was very
good. Differences were typically less than 3%. The relative power distributions symmetry at
1300 MWt, 1380 MWt, and 1455 MWt are shown in Figure 14.6-20. For ease of
presentation, the values listed in the figures represent the average for the four quadrants.
These data demonstrated that the power distributions were well behaved and that there were
no unexpected hot assemblies.
The assembly relative power distributions for the three flux maps taken at 1455 MWt are
given in Figure 14.6-21. There were no major differences in the assembly power distributions
of these three maps and the measurements agreed well with the predictions from PDQ
calculations.
The power range detector output was monitored as a function of core power. In Figure 14.622, the output of ex-core detector NE-41 (sum of the top and bottom detectors) is plotted as a
function of core power and a linear correlation is seen. A similar linear correlation was seen
for detectors NE-42, NE-43, and NE-44. The correlation between ex-core detector response
and the axial offset as calculated from the flux map data is presented in Figure 14.6-23 for
detector NE-41. The linearity of detector response with axial offset was also found in the
other three ex-core detectors. This linearity demonstrated that the detectors continued to
accurately monitor core axial offset and that the data obtained at 1455 MWt could be used to
generate the f(delta I) setpoints for operation at 1520 MWt.
The power escalation program was halted at 1455 MWt due to high coolant activity and
steam line vibration. On April 12 the reactor was taken to 1520 MWt for a period of 6 hours
so that system component behavior might be determined before the mid-April MODE 6
(Refueling). A core flux map was taken during the operation at 1520 MWt and the results of
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that map are presented in Figure 14.6-24. The assembly relative powers could be directly
compared with the earlier maps in the uprating program since the part-length rods were
withdrawn from the core prior to increasing power to 1520 MWt. The difference between
measurement and prediction was, typically, less than 2%.
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Table 14.6-1a
ACCUMULATOR BLOWDOWN TEST RESULTS - OBSERVED RESULTS
Low Pressure

High Pressure

Loop A

Loop B

Loop A

Loop B

Initial level, %

40

40

40

40

Initial gas volume, ft2

750

750

750

750

Initial pressure, psig

300

300

740

720

Valve opening time, sec

10

9.7

10

---

Delay before fluid enters vessel, sec

---

---

4.5

4.5

Liquid blowdown time - total, sec

---

---

29

54

Gas blowdown time, sec

---

---

30

50

Water lost to loop seal, gal

640

875

1110

1125
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Table 14.6-1b
ACCUMULATOR BLOWDOWN TEST RESULTS - PREDICTION OF FINAL
PRESSURE
Run

Final pressure

Loop A Initial pressure

740 psig

Initial gas volume

750 ft3

Final gas volume

1750 ft3

Calculated (pv =C)

220 psig

Measured - PT – 936

200 psig

PT – 937

220 psig
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Table 14.6-1c
ACCUMULATOR BLOWDOWN TEST RESULTS - PIPE RESISTANCE

a.

Loop

Initial Pressure (psig)

Pipe Resistancea Equivalent
Diameter (L/D)

A

740

305 Same

A

740

334 Run

A

300

371

B

300

388

B

740

1275

Resistance used in accident analysis - 530
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Table 14.6-2
BEGINNING OF CYCLE ZERO POWER CRITICAL BORON CONCENTRATIONS
Zero Power
Critical Boron Parameter

Measured (ppm)

Predicted (ppm)

All rods out

1608

1609

Bank D in

1526

1528

Banks C and D in

1365

1382

Banks B, C and D in

1253

1270

Part-length at midplane

1566

1566

960 25a

1015

Part-length out, 28 rods in

NOTE:—10 ppm = 100 pcm nearly equal to 0.1% reactivity
a.

Inferred from subcritical state. Large uncertainty due to noncritical measurement.
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Table 14.6-3
REACTIVITY COEFFICIENTS AND SHUTDOWN MARGIN
Measured

Predicted

Zero power, all rods out

+1.4 x 10-5/F

+1.2 x 10-5/F

Zero power, bank D inserted

-2.4 x 10-5/F

-1.9 x 10-5/F

10% power

-40 x 10-5 / % Q

-27 x 10-5 / % Q

30% power

-22 x 10-5 / % Q

-16 x 10-5 / % Q

85% power

-10 x 10-5 / % Q

-6.5 x 10-5 / % Q

50% power

1.45%

1.00%

100% power

2.03%

1.40%

Beginning-of-life

3.11%

2.85%

Estimated end-of-life

2.60%

2.27%

Isothermal temperature coefficient

Doppler coefficient

Doppler defect

Shutdown margin
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Table 14.6-4
EJECTED AND DROPPED ROD WORTHS
Bank Positions
Rod

Bank

Position

Worth
(ppm)

S

A

B

C

D

Power
(%)

Ejected rods
K-7

D

230

75a

230

175

5

5

5

0

K-7

D

230

30b

230

230

230

230

20

30

G-11

D

230

29

230

230

230

230

20

30

K-7

D

230

8

230

230

230

230

153

30

J-10

C

230

20

230

230

230

107

22

30

K-7

D

230

38c

230

230

230

107

22

30

G-7

C

230

18

230

230

230

107

22

30

Dropped rods
G-7

C

0

45

230

230

230

230

20

30

K-9

S

0

33

230

230

230

230

20

30

G-7

C

0

23

230

230

230

230

180

30

I-7

B

0

22

230

230

230

230

167

30

J-10

C

0

20

230

230

230

230

169

30

F-12

A

0

20

230

230

230

230

149

30

K-7

D

0

10

230

230

230

230

141

30

K-9

S

0

18

230

230

230

230

153

30

I-7

B

0

40

230

230

230

230

22

30

NOTE:—10 ppm = 100 pcm nearly equal to 0.1% reactivity.
a.
b.
c.

FSAR safety analysis zero power assumed rod worth: 100 ppm Fq (measured) = 7.71 Fq, (assumed) =
12.6
SAR safety analysis full power assumed rod worth: 36 ppm Fq (measured) = 2.58 Fq, (assumed) = 4.75
Bank C insertion not permitted at full power. Position of bank C corresponds to 40% power insertion
limit.
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Table 14.6-5
AVERAGE INCREASE IN CONTAINMENT RADIATION LEVELS DURING
UPRATING PROGRAM TO 1520 MEGAWATTS THERMAL
Date
Reactor Power (MWt)

3/11/72
1300

3/12/72
1380

3/13/72
1455

4/12/72
1520

Percent increase

0

6.1

11.9

17

Neutron radiation percent increase

0

6.2

2.4

23

Gamma radiation percent increase

0

4.0

6.5

18
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Table 14.6-6
SUMMARY OF MEASURED PARAMETERS AT HOT ZERO POWER PRIOR TO
UPRATING TO 1520 MEGAWATTS THERMAL
Parameter

Measured Value

Control bank integral worth, pcm
Bank D

839

Bank C

1176

Critical boron concentrations, ppm
All rods out

616

Bank D in

535

Banks C and D in

425

Boron worth, pcm/ppm

-10.7

Temperature coefficients, pcm/F
All rods out, 548 3F, 616 ppm boron

-13.9 0.4

Bank D inserted, 550 3F, 532 ppm

-14.8 0.2

Banks C and D inserted, 547 2F, 422 ppm

-18.1 0.1
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Table 14.6-7
SELECTED DATA FOR FLUX MAPS
Rod Position
Map

Power (Mwt)

Measured Axial
Offset (%)

D

P/L

93

1300

+0.6

213

83

94

1380

-3.1

210

75

95

1455

-0.6

211

67

96

1455

-11.1

211

84

97

1455

+10.3

212

33
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Figure 14.2-1 Initial Plant Organization
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Figure 14.6-1 Sheet 1 - Original Safety Injection System Functional Test Data Sheet (Typical)
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Figure 14.6-1 Sheet 2 - Original Safety Injection System Functional Test Data Sheet (Typical)
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Figure 14.6-2 Sheet 1 - Rod Cluster Control Assembly Drop Time Test Results (Typical)
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Figure 14.6-2 Sheet 2 - Rod Cluster Control Assembly Drop Time Test Results (Typical)
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Figure 14.6-2 Sheet 3 - Rod Cluster Control Assembly Drop Time Test Results (Typical)
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Figure 14.6-2 Sheet 4 - Rod Cluster Control Assembly Drop Time Test Results (Typical)
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Figure 14.6-3 Partial-Length Rods Operation Test Results (Typical)
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Figure 14.6-4 Sheet 1 - Radiation Monitoring System Operational Test Data Sheet (Typical)
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Figure 14.6-4 Sheet 2 - Radiation Monitoring System Operational Test Data Sheet (Typical)
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Figure 14.6-5 Pressurizer Safety Valve Test Data Sheet
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Figure 14.6-6 Reactor Vessel Internals Displacement Indicators
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Figure 14.6-7 Sheet 1 - Reactor Vessel Accelerometers
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Figure 14.6-7 Sheet 2 - Reactor Vessel Accelerometers
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Figure 14.6-7 Sheet 3 - Reactor Vessel Accelerometers
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Figure 14.6-7 Sheet 4 - Reactor Vessel Accelerometers
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Figure 14.6-8 Sheet 1 - Reactor Coolant System Vibration Test Data Sheet
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Figure 14.6-8 Sheet 2 - Reactor Coolant System Vibration Test Data Sheet
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Figure 14.6-9 Sheet 1 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-9 Sheet 2 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-9 Sheet 3 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-9 Sheet 4 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-9 Sheet 5 - Reactor Coolant Pump Flow Coastdown Test
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Figure 14.6-10 Sheet 1 - Natural Circulation Test Data
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Figure 14.6-10 Sheet 2 - Natural Circulation Test Data
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Figure 14.6-11 Preoperational Containment Leak Rate Test Data
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Figure 14.6-12 Preoperational Containment Leak Rate Test, Pressurization System
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Figure 14.6-13 Sheet 1 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables
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Figure 14.6-13 Sheet 2 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables
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Figure 14.6-13 Sheet 3 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables
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Figure 14.6-13 Sheet 4 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables
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Figure 14.6-13 Sheet 5 - 50% Load Reduction From 75% Power Level Test, Recorded Process
Variables
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Figure 14.6-14 Operational Dynamic Rod Drop Test, Nuclear Power Channel Signals
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Figure 14.6-15 Ginna 1520 Megawatts Power Test Program, March 1 Through April 15, 1972
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Figure 14.6-16 Ginna Uprating, Control Bank D Differential and Integral Worth, Cycle 1B
7800 MWd/MTU, Hot Zero Power
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Figure 14.6-17 Ginna Uprating, Control Bank C Differential and Integral Worth, Cycle 1B
7800 MWd/MTU, Hot Zero Power
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Figure 14.6-18 Ginna Uprating, Boron Concentration Versus Reactivity Insertion, Cycle 1B
7800 MWd/MTU, Hot Zero Power
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Figure 14.6-19 Ginna Uprating, Isothermal Temperature Coefficient Versus Boron Concentration, Cycle 1B 7800 MWd/MTU, Hot Zero Power
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Figure 14.6-20 Relative Power During Uprating: 1300, 1380, 1455 MWt
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Figure 14.6-21 Relative Power During Uprating: 1455 MWt
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Figure 14.6-22 Ginna Uprating, Power Range Output Versus Core Power, Channel NE41
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Figure 14.6-23 Ginna Uprating, Axial Offset Calibration, Channel 41 Output Normalized to
1520 MWt
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Figure 14.6-24 Relative Power at 1520 MWt, April 12, 1972
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15.0

GENERAL

In support of the Extended Power Uprate (EPU) all Chapter 15 accident analyses were
reanalyzed or evaluated. Significant assumptions for the EPU analysis include:
•

FH = 1.72 for 422V+ 1.60 for OFA

•

FQ = 2.60 (limited by LBLOCA)

•

BWI steam generators

•

Tavg window of 576.0F to 564.6F (see Table 15.0-1)

•

The core thermal limits used in the analyses are valid to a core power of 1775 MWt,
excluding calormetric uncertainty.

Utilization of the TAVG window entails selecting a nominal full power TAVG anywhere
between 564.6F and 576F prior to operation of a given cycle. The nominal full power
TAVG then remains at that value for the remainder of the cycle unless changed by an
additional evaluation. Safety analyses were performed to bound operation within the TAVG
window and appropriately considered uncertainties on TAVG. The events that were
potentially impacted by operation at the lower initial vessel average temperature were
analyzed with the lower TAVG explicitly modeled. All other events were analyzed at the
high end of the window (576F) which had not changed from the previous licensing basis
analyses. Thus, the impact of the TAVG window was explicitly accounted for in the analyses.
Changing TAVG can impact other parameters (e.g., steam pressure). Table 15.0-1 gives a
comparison of the important primary and secondary parameters at both ends of the TAVG
window. The evaluations that follow address the impact of these changes on the licensing basis
analyses.
Some assumptions were made in order to perform the evaluations that follow. First, it was
assumed that the reference average temperatures used in the over-temperature T and
overpower T setpoint equations (T" and T"", respectively) were rescaled to the nominal full
power TAVG. It was also assumed that the NIS excore detectors were recalibrated to
compensate for the increase in downcomer coolant density at a lower temperature. The
TAVG program and the pressurizer level program were assumed to remain applicable with the
full power TAVG in the programs set to full power TAVG for the cycle. These items are
assumed to be addressed each time the nominal full power operating TAVG is changed.
15.0.1
15.0.1.1

INITIAL CONDITIONS
Assumed Values of Initial Conditions

Table 15.0-3 lists the non-LOCA initial condition assumptions used. Other major
assumptions considered in the non-LOCA transient analyses are discussed below:
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•

At least 1.4% setpoint tolerance was considered in modeling of the main steam safety
valves (MSSVs). Staggered lift setpoints were modeled for the MSSVs using plant-specific
Technical Specification setpoints, as shown in Table 15.0-4.

•

The pressurizer safety valves (PSVs) were modeled assuming a setpoint tolerance range of
at least +2.3% to -3.0%. Additionally, when it was conservative to do so (that is , for peak
RCS pressure concerns), the effects of the PSV loop seals were explicitly modeled, as
discussed in Reference 10. See Table 15.0-4 for more information.

•

Consistent with the Ginna Technical Specifications (COLR), for minimum reactivity
feedback a maximum moderator temperature coefficient (MTC) of +5 pcm/F was
applicable for power levels less than 70%. For maximum reactivity feedback, a maximum
moderator density coefficient (MDC) of at least 0.45 k/g/cc was assumed.

•

The fission product contribution to decay heat assumed in the non-LOCA analyses was
consistent with the standard ANSI/ANS-5.1-1979 for decay heat power in light water
reactors (Reference 11), including two standard deviations of uncertainty.

•

The assumed core bypass flow percentages were 5.6% for RTDP analyses, and 6.5% for
STDP analyses.

15.0.2

POWER DISTRIBUTION

The transient response of the reactor system is dependent on the initial power distribution.
The nuclear design of the reactor core minimizes adverse power distribution through the
placement of control rods and operating instructions. The Relaxed Axial Offset Control
(RAOC) strategy (Reference 7) is used for Ginna Station.
Power distribution may be characterized by the radial factor (FH) and the total peaking
factor (FQ). The peaking factor limits are given in the COLR and are discussed in Section
4.2.
For transients which may be DNB limited, the radial peaking factor is of importance. The
radial peaking factor increases with decreasing power level due to rod insertion. This
increase in FH is included in the core limits illustrated in Figure 15.0-1. All transients that
may be DNB limited are assumed to begin with an FH consistent with the initial power level
defined in the Technical Specifications.
The axial power shape used in the DNB calculations is discussed in Section 4.3. The radial
and axial power distributions described above are input to the VIPRE code.
For transients which may be overpower limited, the total peaking factor (FQ) is of
importance. All transients that may be overpower limited are assumed to begin with plant
conditions, including power distributions which are consistent with reactor operation as
defined in the Technical Specifications.
For overpower transients which are slow with respect to the fuel rod thermal time constant
(e.g., the chemical and volume control system malfunction that results in a decrease in the
boron concentration in the reactor coolant incident which lasts many minutes and the
excessive increase in secondary steam flow incident which may reach equilibrium without
causing a reactor trip), the fuel rod thermal evaluations are performed as discussed in
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Section 4.4. For overpower transients which are fast with respect to the fuel rod thermal time
constant (e.g., the uncontrolled rod cluster control assembly bank withdrawal from
subcritical and rod cluster control assembly ejection incidents which result in a large power
rise over a few seconds), a detailed fuel heat transfer calculation must be performed.
Although the fuel rod thermal time constant is a function of system conditions, fuel burnup,
and rod power, a typical value at beginning-of-life for high-power rods is approximately 5
sec.
15.0.3

REACTIVITY COEFFICIENTS ASSUMED IN THE ACCIDENT ANALYSES

The transient response of the reactor system is dependent on reactivity feedback effects, in
particular the moderator temperature coefficient and the doppler power coefficient. These
reactivity coefficients and their values are discussed in detail in Section 4.3 and illustrated on
Table 15.0-5.
In the analysis of certain events, conservatism requires the use of large reactivity coefficient
values, whereas in the analysis of other events, conservatism requires the use of small
reactivity coefficient values. Some analyses, such as loss of coolant from cracks or ruptures in
the reactor coolant system, do not depend on reactivity feedback effects. The justification for
use of conservatively large versus small reactivity coefficient values is treated on an event-byevent basis. In some cases, conservative combinations of parameters are used to bound the
effects of core life, although these combinations may not represent possible realistic situations.
The limiting values of the moderator density and doppler power coefficients used in the safety
analyses are shown in Figure 15.0-2.
15.0.4

ROD CLUSTER CONTROL ASSEMBLY INSERTION CHARACTERISTICS

The negative reactivity insertion following a reactor trip is a function of the position versus
time of the rod cluster control assemblies (also commonly referred to as control rods) and the
variation in rod worth as a function of rod position. With respect to accident analyses, the
critical parameter is the time of insertion up to the dashpot entry.
The normal reactivity insertion versus time assumed in accident analyses is shown in Figure
15.0-3. The control rod insertion time to dashpot entry is normalized to 1.8 sec. A total
negative reactivity insertion following a trip of 3.5% delta k is assumed in the transient
analyses except where specifically noted otherwise. This assumption is conservative with
respect to the calculated trip reactivity worth available.
15.0.5

TRIP POINTS AND TIME DELAYS TO TRIP ASSUMED IN THE ACCIDENT
ANALYSES

A reactor trip signal acts to open two trip breakers connected in series feeding power to the
control rod drive mechanisms. The loss of power to the mechanism coils causes the
mechanisms to release the control rods, which then fall by gravity into the core. There are
various instrumentation delays associated with each trip function, including delays in signal
actuation, in opening the trip breakers, and in the release of the rods by the mechanisms. The
total delay to trip is defined as the time delay from the time that trip conditions are reached
to the time the rods are free and begin to fall. Limiting trip setpoints assumed in the accident
analyses and the time delay assumed for each trip function are given in Table 15.0-4.
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The over-temperature and overpower delta T trips assumed in the analysis are presented on
Table 15.0-7, and illustrated on Figure 15.0-1. This figure presents the allowable reactor
coolant loop average temperature and delta T for the design flow and power distribution, as
described in Chapter 4, as a function of primary coolant pressure. The boundaries of
operation defined by the overpower delta T trip and the over-temperature delta T trip are
represented as protection lines on this diagram. The protection lines are drawn to include all
adverse instrumentation and setpoint errors so that under nominal conditions trip would occur
well within the area bounded by these lines. The utility of this diagram is that the limit
imposed by any given DNBR can be represented as a line. The DNB lines represent the loci
of conditions for which the DNBR equals the limit value. All points below and to the left of a
DNB line for a given pressure have a DNBR greater than the limit value. The diagram shows
that the DNBR acceptance criteria is met for all cases if the area enclosed by the maximum
protection lines is not traversed by the applicable DNBR line at any point.
The area of permissible operation (power, pressure, and temperature) is bounded by the
combination of reactor trips: high neutron flux (fixed setpoint), high pressure (fixed
setpoint), low pressure (fixed setpoint), and overpower and over-temperature delta T
(variable setpoints).
The limit value, which was used as the DNBR limit for all accidents analyzed with the
Revised Thermal Design Procedure (see Table 15.0-2), is conservative compared to the actual
design DNBR value required to meet the DNB design basis as discussed in Chapter 4.
The difference between the limiting trip point assumed for the analysis and the normal trip
point represents an allowance for instrumentation channel error and setpoint error. Nominal
trip setpoints are specified in the Technical Specifications.
15.0.6

INSTRUMENTATION DRIFT AND CALORIMETRIC ERRORS - POWER RANGE
NEUTRON FLUX

The instrumentation drift and calorimetric errors used in establishing the power range highneutron-flux setpoint are presented in Table 15.0-8. The calorimetric error is the error
assumed in the determination of core thermal power as obtained from secondary plant
measurements. The total ion chamber current (sum of the top and bottom sections) is
calibrated (set equal) to this measured power on a periodic basis.
The secondary power is obtained from measurement of feedwater flow, feedwater inlet
temperature to the steam generators, and steam pressure. High-accuracy instrumentation is
provided for these measurements with accuracy tolerances much tighter than those which
would be required to control feedwater flow.
15.0.7

COMPUTER CODES

Summaries of the principal computer codes used in the non-loss-of-coolant accident (nonLOCA) and steam generator tube rupture transient analyses are given below. The codes used
in the non-LOCA analyses are listed in Table 15.0-9.
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15.0.7.1

FACTRAN

FACTRAN calculates the transient temperature distribution in a cross section of the metal
clad UO2 fuel rod and the transient heat flux at the surface of the clad, using as input the
nuclear power and time-dependent coolant parameters (pressure, flow, temperature, and
density). The code uses a fuel model that exhibits the following features simultaneously:
A. A sufficiently large number of radial space increments to handle fast transients such as rod
ejection accidents.
B. Material properties that are functions of temperature and a sophisticated fuel-to-clad gap
heat transfer calculation.
C. The necessary calculations to handle post-DNB transients: film boiling heat transfer
correlations, zircaloy-water reaction, and partial melting of the materials.
FACTRAN is further discussed in Reference 2.
15.0.7.2

RETRAN

RETRAN is used for studies of transient response of a pressurized water reactor (PWR)
system to specified perturbations in process parameters. This code simulates a multi-loop
system by a lumped parameter model containing the reactor vessel, hot and cold-leg piping,
RCPs, system generators (tube and shell sides), main steam lines, and the pressurizer. The
pressurizer heaters, spray, relief valves, and safety valves can also be modeled. RETRAN
includes a point neutron kinetics model and reactivity effects of the moderator, fuel, boron,
and control rods. The secondary side of the steam generator uses a detailed nodalization for
the thermal transients.
The RPS simulated in the code includes reactor trips on high neutron flux, high neutron flux
rate, OTT and OPP, low RCS flow, high and low-pressurizer pressure, high pressurizer
level, and low-low steam generator water level.
Control systems are also simulated including rod control and pressurizer pressure control.
Parts of the safety injection system (SIS), including the accumulators, can also be modeled.
RETRAN conservatively approximates the transient value of DNBR based on input from the
core thermal limits illustrated in Figure 15.0-1. The core thermal limits represent the minimum
value of DNBR as calculated for typical or thimble cells.
RETRAN is a versatile program that is suited to accident evaluation and control studies as
well as a parameter sizing. RETRAN is further discussed in Reference 4.
15.0.7.3

TWINKLE

The TWINKLE program is a multi-dimensional spatial neutron kinetics code. The code uses
an implicit finite-difference method to solve the two-group transient neutron diffusion
equations in one, two, and three dimensions. The code uses six delayed neutron groups and
contains a detailed multi-region fuel-clad-coolant heat transfer model for calculating
pointwise doppler and moderator feedback effects. The code handles up to 2000 spatial
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points and performs its own steady-state initialization. Aside from basic cross-section data and
thermal-hydraulic parameters, the code accepts as input basic driving functions such as inlet
temperature, pressure, flow, boron concentration, control rod motion, and others. Various
parameter edits are provided, e.g., channelwise power, axial offset, enthalpy, volumetric surge,
pointwise power, and fuel temperatures.
The TWINKLE code is used to predict the kinetic behavior of a reactor for transients that
cause a major perturbation in the spatial neutron flux distribution (e.g., control rod ejection
accident).
TWINKLE is further discussed in Reference 4.
15.0.7.4

VIPRE

The VIPRE computer program performs thermal-hydraulic calculations. This code calculates
coolant density mass velocity, enthalpy, void fractions, static pressure, and DNBR distributions
along flow channels within a reactor core. VIPRE is discussed further in Reference 5.
15.0.7.5

ADVANCED NODAL CODE (ANC)

ANC is an advanced nodal code capable of two-dimensional (2-D) and three-dimensional (3-D)
neutronics calculations. ANC is the reference model for certain safety analysis calculations,
power distributions, peaking factors, critical boron concentrations, control rod worths, reactivity
coefficients, etc. In addition, 3-D ANC validates 1-D and 2-D results and provides information
about radial (x-y) peaking factors as a function of axial position. It can calculate discrete pin
powers from nodal information as well. ANC is discussed in more detail in Reference 6.
15.0.8

CLASSIFICATION OF PLANT CONDITIONS

Since 1970, the classification of plant conditions in American Nuclear Society Standard
ANSI N18.2-1973, "Nuclear Safety Criteria for the Design of Stationary PWRs" (Reference
8), has often been used to facilitate the evaluation of nuclear plant safety and the functional
requirements for structures, systems, and components. The plant conditions are divided into
four categories in accordance with the anticipated frequencies of occurrence and potential
radiological consequences. The four categories (or conditions) are:
Condition I - Normal Operation
Condition II - Faults of Moderate Frequency
Condition III -

Infrequent Faults

Condition IV -

Limiting Faults

The basic principle applied in relating requirements to each of the conditions is that the more
probable occurrences must result in little or no risk to the public, and those extreme situations
having the potential for greater risk shall be those situations least likely to occur. Where
applicable, reactor trip system and engineered safety features functioning is assumed in
fulfilling this principle. The following sections describe each condition in more detail.
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15.0.8.1

Condition I - Normal Operation

Condition I occurrences are those which are expected frequently or regularly during power
operation, refueling, maintenance or maneuvering of the plant. Condition I occurrences are
accommodated with margin between any plant parameter and the value of the parameter
which would require either automatic or manual protective action. In this regard, analysis of
the fault condition is typically based on a conservative set of initial conditions corresponding
to the most adverse set of conditions occurring during Condition I operation.
15.0.8.2

Condition II - Faults of Moderate Frequency

These faults occur with moderate frequency during the life of the plant, any one of which may
occur during a calendar year (i.e., between 1/year and 1 x 10-1/year). These faults, at worst,
result in a reactor trip with the plant being capable of returning to operation after corrective
action. Any release of radioactive materials in effluents to unrestricted areas should be in
conformance with 10 CFR 20, Standards for Protection Against Radiation. A Condition II
fault (or event), by itself, does not propagate to a more serious incident of the Condition III or
Condition IV type without the occurrence of other independent incidents. A single Condition
II incident should not cause the loss of any barrier to the escape of radioactive products.
15.0.8.3

Condition III - Infrequent Faults

Condition III faults occur very infrequently during the life of the plant, any one of which may
occur during the plant's lifetime (i.e., between 1 x 10-1/year and 1 x 10-2/year). Condition III
faults can be accommodated with the failure of only a small fraction of the fuel rods, although
sufficient fuel damage might occur to preclude resumption of operation for a considerable
outage time. The release of radioactivity due to Condition III faults may exceed the
guidelines of 10 CFR 20, but is not sufficient to interrupt or restrict public use of those areas
beyond the exclusion area boundary (EAB). A Condition III fault does not, by itself, generate
a Condition IV fault or result in a consequential loss of function of the reactor coolant system
or containment barriers.
15.0.8.4

Condition IV - Limiting Faults

Condition IV occurrences are faults that are not expected to occur, but are postulated because
their consequences have the potential for the release of significant amounts of radioactive
material (i.e., < 1 x 10-2/year). Condition IV faults are the most drastic occurrences which
must be designed against, and represent the limiting design cases.
Condition IV faults should not cause a fission product release to the environment resulting in
an undue risk to public health and safety in excess of the guideline values in 10 CFR 100. A
single Condition IV fault is not to cause a consequential loss of required functions of systems
needed to cope with the fault including those of the reactor coolant system and the reactor
containment.
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15.0.9

UFSAR RE-WRITE

In 2001, the UFSAR accident analysis sections were completely rewritten to facilitate 10
CFR 50.59 reviews.
15.0.9.1

General Layout

The general layout of the rewritten accident analysis sections is as follows:
Description of Event
Frequency of Event
Event Analysis
Single Failures Assumed
Operator Actions Assumed
Chronological Description of Event
Impact on Fission Product Barriers
Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions
Method of Analysis
Acceptance Criteria
Results
Radiological Consequences
Conclusions
Supplemental Evaluations
15.0.9.2

Interpretation of Operator Action Times

An operator action time applies to its associated design basis event analysis as presented in the
UFSAR, including all the limitations and conservatisms assumed in the analysis. In some cases,
a plant simulator may be able to reproduce the analyzed event closely enough that applicable
operator action time(s) can be verified. In other cases, such as Section 15.2.7, Feedwater
System Pipe Breaks, where the cooldown portion of the accident is considered bounded by the
steam line rupture accident and only the heatup portion is presented, simulator modeling is
impractical. Procedure OP-GI-102-106, "Operator Response Time Program at Ginna Station"
(Reference 9) summarizes operator action times assumed in Chapter 15 of the UFSAR.
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Table 15.0-1
NSSS PCWG Parameters for Ginna Station Uprate Program
Thermal Design Parameters

Low TAVG

High TAVG

NSSS Power
MWt
106 Btu/hr

1817
6,200

1817
6,200

1817
6,200

1817
6,200

Reactor Power MWt
106

1811
6,179

1811
6,179

1811
6,179

1811
6,179

Thermal Design Flow, loop gpm
Reactor 106lb/hr

85,100

85,100

85,100

85,100

65.8

65.8

64.8

64.8

Reactor Coolant Pressure, psia

2250

2250

2250

2250

Core Bypass, %

6.5a

6.5a

6.5a

6.5a

605.5
601.0
568.8
564.6
528.3
528.0

605.5
601.0
568.8
564.6
528.3
528.0

616.2
611.8
580.3
576.0
540.2
539.9

616.2
611.8
580.3
576.0
540.2
539.9

506.5

503.1

515.4

722

700

518.8b
804b

7.42/7.88

7.417/7.87

7.44/7.9b

7.43/7.89

390/435
0.10

390/435
0.10

390/435
0.10

390/435
0.10

0.00015

0.00015

0.00015

0.00015

0

10

0

10

547

547

547

547

Reactor Coolant Temperature, F
Core Outlet
Vessel Outlet
Core Average
Vessel Average
Vessel/Core Inlet
Steam Generator Outlet
Steam Generator
Steam Outlet
Temperature,
F
psia
Steam Outlet Pressure,
Steam Outlet Flow, 106lb/
hr total
Feed Temperature, F
Steam Outlet Moisture, %
max.
Design FF, hr.sq.ft F/Btu
Tube Plugging Level (%)
Zero Load Temperature, F

781

a.

Core bypass flow includes 2.0% due to thimble plugs removed (TPR).

b.

If a high steam pressure is more limiting for analysis purposes, a greater steam pressure of 855 psia,
steam temperature of 525.9F, and steam flow of 7.92 x 106 lb/hr total should be assumed. This
envelopes the possibility that the steam generator could perform better than expected.
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Hydraulic Design Parameters
Pump Design Point, Flow (gpm)/Head (ft.)

90,000/252

Mechanical Design Flow, loop gpm

101,200

Minimum Measured Flow, loop gpm

88,650
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Table 15.0-2
Non-LOCA Analysis Limits and Analysis Results
Analysis Result
UFSAR Section

Event Description

15.1.1

Decrease in Feedwater Temperature

15.1.2

Increase in Feedwater Flow

15.1.3

Analysis Limit

Result Parameter

Limiting Case

N/A

N/A

Minimum DNBR (RTDP), WRB-1) (HFP)
Minimum DNBR (STDP, W-3) (HZP)

1.38 (HFP)
1.613 (HZP)

1.60 (HFP)
b (HZP)

Excessive Load Increase

Minimum DNBR (RTDP, WRB-1)

1.38

>1.38

15.1.4

Inadvertent Opening of a Steam Generator
Relief/Safety Valve

Bounded by Steam Line Break (UFSAR, section
15.1.5)

N/A

N/A

15.1.5

Steam System Piping Failure - Zero Power
(Core response only)

Minimum DNBR (non-RTDP, W-3)

1.566

2.58

Steam System Piping Failure - Full Power
(Core response only)

Minimum DNBR (RTDP, WRB-1 correlation)
(typical thimble)

1.38/1.38

1.392/1.395

Peak Linear Heat Generation (kW/ft)

22.7c

22.67

(a)

15.1.6

Combined Steam Generator ARV and Feedwater
Control Valve Failures

Minimum DNBR (RTDP, WRB-1)

1.38

1.52

15.2.1

Steam Pressure Regulator Malfunction or
Failure that Results in Decreasing Steam Flow

Bounded by Loss-of-External-Electrical Load
(UFSAR, section 15.2.2)

N/A

N/A

15.2.2

Loss-of-External-Electrical-Load

Minimum DNBR (RTDP, WRB-1)

1.38

1.61

Peak RCS Pressure, psia

2748.5

2746.8

Peak MSS Pressure, psia

1208.5

1208.0

15.2.3

Turbine Trip

Bounded by Loss-of-External-Electrical Load
(UFSAR, section 15.2.2)

N/A

N/A

15.2.4

Loss-of-Condenser Vacuum

Bounded by Loss-of-External-Electrical Load
(UFSAR, section 15.2.2)

N/A

N/A

15.2.5

Loss-of-Offsite-Power to the Station Auxiliaries

Maximum pressurizer mixture volume, ftc

800

635
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Analysis Result
UFSAR Section

Event Description

Analysis Limit

Result Parameter

Limiting Case

15.2.6

Loss-of-Normal-Feedwater

Maximum pressurizer mixture volume, ftc

800

537

15.2.7

Feedwater System Pipe Breaks

Margin to Hot Leg Saturation, F

0.0

2

15.3.1

Flow Coastdown Accident - PLOFd

Minimum DNBR (RTDP, WRB-1) (typical/
thimble)

1.38/1.38 (422V+)

1.601/1.597 (422V+)

Flow Coastdown Accident - CLOFe

Minimum DNBR (RTDP, WRB-1) (typical/
thimble)

1.38/1.38 (422V+)

1.489/1.491 (422V+)

Flow Coastdown Accident - UFf

Minimum DNBR (RTDP, WRB-1) (typical/
thimble)

1.38/1.38 (422V+)

1.385/1.392 (422V+)

Locked Rotor Accident

Peak RCS Pressure, psia

2997

2782

Peak Cladding Temperature, F

2700

1924.6 (422V+)

Maximum Zirc-Water Reaction, %

16

0.53 (422V+)

Maximum Percentage Rods in DNB, %

50

<50 (422V+)

Minimum DNBR Below First Mixing Vane Grid
(non-RTDP, W-3 correlation)(typical/thimble)

1.447/1.447 (422V+)

1.987/2.238 (422V+)

Minimum DNBR Above First Mixing Vane Grid
(non-RTDP, WRB-1 correlation)
(typical/thimble)

1.302/1.302 (422V+)

1.957/1.951 (422V+)

Maximum Fuel Centerline Temperature, F

4800g

2108 (422V+)

Minimum DNBR (RTDP, WRB-1)

1.38

1.384

Peak RCS Pressure, psia

2748.5

2689.8

Peak MSS Pressure, psia

1208.5

1207.7

15.3.2

15.4.1

15.4.2

Uncontrolled RCCA Withdrawal from a
Subcritical Condition

Uncontrolled RCCA Withdrawal at Power

15.4.3

Startup of an Inactive Reactor Coolant Loop.
(RCL)

No Analysis Performed (See Reference 13)h

N/A

N/A

15.4.4

Chemical and Volume Control System (CVCS)
Malfunction (Boron Dilution)

Minimum Time to Loss of Shutdown Margin,
Minutes

15

30.3 (Mode 1 manual)

15

33.3 (Mode 1 auto)

15

25.1 (Mode 2)
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Analysis Result
UFSAR Section
15.4.5

Event Description
Rupture of a Control Rod Drive Mechanism
(CRDM) Housing (RCCA Ejection)

Analysis Limit

Result Parameter
30

32.0 (Mode 6)

Maximum Fuel Pellet Average Enthalpy, cal/g

200

151.8 (BOC-HZP)
177.9 (BOC-HFP)
155.1 (EOC-HZP)
177.2 (EOC-HFP)

Maximum Fuel Melt, %

10

0.0 (BOC-HZP)i
6.62 (BOC-HFP)i
0.00 (EOC-HZP)j
9.00 (EOC-HFP)j

Peak RCS Pressure, psia
15.4.6

15.6.1
15.8

RCCA Drop

Limiting Case

Generically addressed in Reference 12

Minimum DNBR (RTDP, WRB-1)

1.38

> 1.38

Peak Linear Heat Generation (kW/ft)

22.7(3)

< 22.7

Peak Uniform Cladding Strain (%)

1.0

< 1.0

Inadvertent Opening of a Pressurizer Safety or
Relief Valve

Minimum DNBR (WRB-1)

1.38

1.49

ATWS

Peak RCS Pressure, psig

3200

3,193

a.

Event bounded by the steam system piping failure at full power event. See UFSAR, section 15.1.5.7.

b.

Bounded by zero power steam line break.

c.

Corresponds to a UO2 fuel melting temperature of 4700F.

d.

PLOF = partial loss of flow (one-loop flow coastdown).

e.

CLOF = complete loss of flow (two-loop flow coastdown)

f.

UF = underfrequency (frequency decay of RCP power supply)

g.

UO2 fuel melting temperature corresponding to a burnup of ~48,276 MWd/MTU.

h.

Technical Specifications preclude operation with a RCS loop out of service above 8.5% power, as such, this event is not creditable for Ginna at power levels > 8.5% RTP. For power levels 8.5% RTP
this event is not limiting and was not analyzed for EPU conditions.

i.

Fuel melting temperature = 4900F

j.

Fuel melting temperature = 4800F
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Table 15.0-3
Non-LOCA Plant Initial Condition Assumptions
Parameter

RTDP

Non-RTDP

Notes

1817.0

1817.0

a

Nominal Total Net RCP Heat
(MWt)

6.0

6.0

a, b, c

Maximum Full-Power Vessel
TAVG (F)

576.0

576.0 4.0

a, d

Minimum Full-Power Vessel
TAVG (F)

564.0

564.0 4.0

a, d

No-Load RCS Temperature (F)

547.0

547.0

a, d

Pressurizer Pressure (psia)

2250

2250 60

a

Steam Flow (lbm/hr)

see Note e

see Note e

e

Steam Pressure (psia)

see Note e

see Note

e

Feedwater Temperature (F)

390 to 435

390 to 435

a

Pressurizer Water Level (% span)

see Note f

see Note f

f

Steam Generator Water Level (%
NRS)

see Note g

see Note g

g

NSSS Power (MWt)

a.

See Table 15.0-1

b.

Total RCP heat input minus RCS Thermal losses.

c.

A maximum net RCP heat of 10 MWt was conservatively assumed in some non-RTDP analyses, e.g.,
loss-of-normal feedwater.

d.

All analyses assumed a programmed no-load TAVG of 547F. For the events initiated from a no-load
condition (rod withdrawal from subcritical, steam line break, rod ejection, boron dilution), the use of the
no-load temperature as the initial temperature bounded the case of startup operations at Ginna with a
temperature less than 547F.
The nominal steam flow rate and steam pressure depended on other nominal conditions. See Table
15.0-1.

e.
f.

The nominal/programmed pressurizer water level varied linearly from 20% of span at the no-load TAVG
of 547F to either 44.3% of span at the minimum full-power TAVG of 564.6F or 60% of span at the
maximum full power TAVG of 576F. The programmed level remained constant at the full-power TAVG
level for TAVG values greater than the full-power TAVG. An uncertainty of 5% of span was applied
when conservative.

g.

The programmed steam generator water level modeled in the analyses was a constant 52% narrow range
span (NRS) for all power levels. An uncertainty of 4% NRS/+8% was applied when conservative.
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Table 15.0-4
Pressurizer and Main Steam System (MSS) Pressure Relief Assumptions
Pressure Relief Modela
UFSAR
15.1.1

Event Description
Decrease in Feedwater
Temperature

Pressurizer

MSS

5

5

15.1.2

Increase in Feedwater Flow

1

3A

15.1.3

Excessive Load Increase

5

5

15.1.4

Inadvertent Opening of a Steam
Generator Relief/Safety Valve

15.1.5

Steam System Piping Failure Zero Power (Core Response
only)

4

4

Steam System Piping Failure Full Power (Core Response
Only)

4

4

15.1.6

Combined Steam Generator ARV
and Feedwater Control Valve
Failures

1

3A

15.2.1

Steam Pressure Regulator
Malfunction or Failure that
Results in Decreasing Steam
Flow
Loss-of-External-Electrical Load
-DNB Case

15.2.2

b

c

1

3B

Loss-of-External-Electrical Load
-Peak RCS Pressure Case

2B

3B

Loss-of-External-Electrical Load
-Peak MSS Pressure Case

1

3B

15.2.3

Turbine Trip

c

15.2.4

Loss-of-Condenser Vacuum

c

15.2.5

Loss-of-Offsite-AC-Power to the
Station Auxiliaries

1

3A

15.2.6

Loss-of-Normal Feedwater
(LONF)

1

3A

15.2.7

Feedwater System Pipe Breaks

1

3A

15.3.1

Flow Coastdown Accidents

2A

7

15.3.2

Locked Rotor Accident

2B

3A
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Pressure Relief Modela
Event Description

Pressurizer

MSS

15.4.1

Uncontrolled RCCA Withdrawal
from a Subcritical Condition

5

5

15.4.2

Uncontrolled RCCA Withdrawal
at Power - DNB Case

1

3B

Uncontrolled RCCA Withdrawal
at Power - Peak RCS Pressure
Case

2B

3B

UFSAR

15.4.3

Startup of an Inactive RCL

Analysis not required

15.4.4

CVCS Malfunction
(Boron Dilution)

5

5

15.4.5

RCCA Ejection

5

5

15.4.6

RCCA Drop

6

6

15.6.1

Inadvertent Opening of a Pressurizer
Safety or Relief Valve

a.

The pressure relief models are described below.

b.

Transient bounded by steam system piping failure (UFSAR, Section 15.1.5).

c.

Transient bounded by loss-of-external-electrical load (UFSAR, Section 15.2.2).

d.

Generic (see Reference 12)

d

Model 1 (Maximum Pressurizer Pressure Relief)
The setpoint for each of the two pressurizer power-operated relief valves (PORVS) was either
100 psi above the initial pressure or 2350 psia, whichever was lower. Each PORV had a relief
rate of 179,000 lbm/hr. The pressurizer spray system was actuated when the indicated
pressurizer pressure exceeded the initial value by 25 psi. The pressurizer spray valves were fullopen when the indicated pressurizer pressure exceeded the initial value by 75 psi. A linear
increase in the pressurizer spray valve flow area was assumed between these points. The fullopen spray valve flow area was 0.0376 ft2.
The PSV setpoint was 3% below the nominal setpoint of 2485 psig. Once the PSV's came open,
they did not reseat until the pressure dropped 5% below the opening setpoint. No time delay
penalty was applied to account for purging the water in the PSV loop seals. The PSV design
relief rate was 288,000 lbm/hr per valve (2 valves total). Note that for the LONF, loss-of-offsiteac power to the station auxiliaries, and feedwater system pipe break transients, the PSV model
was irrelevant because the PORVs and sprays were sufficient to control pressure.
Model 2A (Minimum Pressurizer Pressure Relief)
The pressurizer PORVs and pressurizer sprays were assumed to be unavailable. Although the
PSVs were modeled, they do not actuate during the transient.
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Model 2B (Minimum Pressurizer Pressure Relief)
The pressurizer PORVs and pressurizer sprays were assumed to be unavailable. The PSVs
setpoint was increased at least 2.3% above the nominal set pressure of 2485 psig to account for
set pressure tolerance, plus an additional 1% to address the set pressure shift phenomenon
associated with PSVs that have water-filled loop seals (see WCAP-12910[Reference2]). A
maximum time delay of 0.8 seconds was applied to account for purging the water in the PSV
loop seals. The PSV design relief rate was 288,000 lbm/hr per valve (2 valves total).
Model 3A (Staggered MSSV Setpoints)
There were 4 MSSVs on each loop with a total relief capacity of ~1861 lbm/sec (total of 8
valves). The assumed setpoints are listed below:
Valve Bank

a.

Nominal Setpoint

Initial Open Pressure of the
MSSVsa

1

1085 psig

1134.20 psia

2

1140 psig

1190.00 psia

3

1140 psig

1190.00 psia

4

1140 psia

1190.00 psia

Pressure includes +1.5% for the setpoint tolerance, +18.2 psi for the pressure drop from the inlet
connection of the 30-inch main steamline pipe to the MSSV, and +14.7 psi to convert to atmospheric
pressure. The full-open pressure for each MSSV was 5 psi above the initial open pressure.

Model 3B (Staggered MSSV Setpoints)
Same as Model 3A, except that a less conservative setpoint tolerance of +1.4% (instead of
+1.5%) and/or slightly less conservative pressure drop from the inlet of the 30-inch main
steamline pipe to the MSSVs of 18.07 psid (instead of 18.2 psid) were/was assumed.
Model 4
No specific pressurizer pressure or MSS relief input were modeled. The pressurizer pressure
and steam pressure both decrease during this event. Thus, the pressurizer spray, relief valves,
and safety valves, and the MSSVs were irrelevant.
Model 5
Pressurizer and MSS relief was not modeled because either the computer code(s) used for this
analysis did not include pressurizer or steam generator models, or the analysis was a hand
calculation that did not involve these plant components. Refer to the accident-specific analyses
for additional information.
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Model 6
The generic (that is, not plant specific) analysis performed to address this event assumed that the
pressurizer PORVs actuated at 2350 psia with a total maximum relief capacity of 16.65 ft3/sec.
The pressurizer spray valve setpoints assumed were the same as those specified for Model 1, but
the total spray capacity was 52.2 lbm/sec. The PSVs and MSSVs were modeled and assumed to
be available, but did not actuate.
Model 7
No specific MSS relief inputs were modeled because the secondary side pressure transient
during the event was non-limiting.
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Table 15.0-5
Core Kinetics Parameters and Reactivity Feedback Coefficients
Parameter

Beginning of Cycle
(Minimum Feedback)

End of Cycle
(Maximum Feedback)

5.0 (> 70% RTP)a
0.0 (70% RTP)

N/A

Moderator Density Coefficient,
k/(g/cc)

N/A

0.45

Doppler Temperature
Coefficient, pcm/F

-0.91

-2.90

-12.0 + 0.045Q

-24.0 + 0.100Q

0.0072(maximum)

0.0043 (minimum)

1000
1100

950
N/A

MTC, pcm/F

Doppler-Only Power Coefficient,
pcm/%power
(Q=power in %
Delayed Neutron Fraction
Minimum Doppler Power Defect,
pcm
- RCCA Ejection
- RCCA Withdrawal from SubCritical
a.

RTP=Rated Thermal Power
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Table 15.0-6
Summary of RPS and ESFAS Functions Actuated
UFSAR Section

Event Description

RPS or ESFAS Signal(s) Actuated

15.1.1

Decrease in Feedwater Temperature

N/A

15.1.2

Increase in Feedwater Flow

High-High Steam Generator Water Level
Feedwater Regulator Valve Closure

15.1.3

Excessive Load Increase

N/A

15.1.4

Inadvertent Opening of a Steam Generator
Relief/Safety Valve

15.1.5

Steam System Piping Failure - Zero Power
(Core response only)

Analysis Setpoint
N/A

N/A

100% NRS

22.0

N/A

N/A

155% of nominal

2.0

1.5E6 lbm/hr

2.0

Low Steam Pressure Safety Injection (SI)
Setpoint

327.7 psia (lead/lag=12/
2)

2.0

Steam Line Isolation Delay from SI
Coincident with High-High Steam Flow

N/A

7.0

Feedwater Isolation Delay from SI

N/A

32.0

SI Pumps at Full Flow Following SI Signal
(with/without offsite power)

N/A

12.0/22.75

a

High-High Steam Flow Setpoint
High Steam Flow Setpoint

15.1.6

15.2.1
15.2.2

Delay (sec)

Steam System Piping Failure-Full Power
(Core response only)

OPT reactor trip

Table 15.0.7

10.0b

Combined Steam Generator ARV and
Feedwater Control Valve Failures

High-High Steam Generator Water Level
Feedwater Regulator Valve Closure

100% NRS

22.0

OPT Reactor Trip

Table 15.0.7

10.0b

Low-Pressurizer Pressure Safety Injection

1715.0 psia

32.0

425 psia

2.0

Steam Pressure Regulator Malfunction or
Failure That Results in Decreasing Steam
Flow
Loss-of-External-Electrical Load

c

High-Pressurizer Pressure Reactor Trip
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UFSAR Section

Event Description

RPS or ESFAS Signal(s) Actuated

Analysis Setpoint

OTT Reactor Trip

Table 2.8.5.0-4

7.0b

Low-Low Steam Generator Water Level
Reactor Trip

0% NRS

2.0

Low-Low Steam Generator Water Level
Auxiliary Feedwater (AFW) Pump Start

0% NRS

60.0

Low-Low Steam Generator Water Level
Reactor Trip

0% NRS

2.0

Low-Low Steam Generator Water Level AFW
Pump Start

0% NRS

60.0

Low-Low Steam Generator Water Level
Reactor Trip

0% NRS

2.0

Low-Low Steam Generator Water Level AFW
Pump Start

0% NRS

60 & 870

Low RCL Flow Reactor Trip

87%

1.0

RCP Undervoltage Reactor Trip

N/A

1.5

RCP Underfrequency Reactor Trip

57 Hz

1.4

15.2.3

Turbine Trip

c

15.2.4

Loss-of-Condenser Vacuum

c

15.2.5

Loss-of-Offsite-AC Power to the Station
Auxiliaries

15.2.6

15.2.7

15.3.1

LONF

Feedwater System Pipe Breaks

Flow Coastdown Accidents

Delay (sec)

15.3.2

Locked Rotor Accident

Low RCL Flow Reactor Trip

87%

1.0

15.4.1

Uncontrolled RCCA Withdrawal from a
Subcritical Condition

Power-Range High Neutron Flux Reactor Trip
(Low Setting)

35%

0.5

15.4.2

Uncontrolled RCCA Withdrawal at Power

Power-Range High Neutron Flux Reactor Trip
(High Setting)

115%

0.5

Table 15.0-7

7.0b

2425 psia

2.0

N/A

N/A

Table 15.0-7

7.0b

OTT Reactor Trip
High Pressurizer Pressure Reactor Trip
15.4.3

Startup of an Inactive RCL

N/A

15.4.4

Chemical and Volume Control System
Malfunction (Boron Dilution)

OTT Reactor Trip
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UFSAR Section

Event Description

RPS or ESFAS Signal(s) Actuated

15.4.5

RCCA Ejection

Power-Range High Neutron Flux Reactor Trip
(Low and High Settings)

15.4.6

RCCA Drop

Low-Pressurizer Pressure Reactor Trip

15.6.1

Inadvertent Opening of a Pressurizer Safety or
Relief Valve

OTT Reactor Trip

15.8

ATWS

ATWS Mitigation System Actuation Circuitry
(AMSAC) - Turbine Trip (TT), AFW Pump
Start (AFW)

Analysis Setpoint

Delay (sec)

35% (low setting)

0.5

118% (high setting)

0.5

d

2.0

Table 15.0-7

0.0b

N/A

30(TT)
60(AFW)

a.

Transient bounded by steam system piping failure (UFSAR, Section 15.1.5)

b.

Modeling the OTT and OPT reactor trips including a time constant (first order lag) of 2.0 seconds for the RTDs and a filter (lag) of 3.5 (or 6.0) seconds on the hot-leg temperature measurement. The
RTD lag accounted for the response of the RTDs and the RTD electronic filter (if any). In addition, after the over-temperature or overpower setpoint was reached, a delay of 1.5 (or 2.0) seconds was
assumed to account for electronic delays, reactor trip breakers opening, and RCCA gripper release.

c.

Transient bounded by loss-of-external-electrical load (UFSAR, Section 15.2.2)

d.

The generic two-loop dropped RCCA analysis, applicable to Ginna, modeled the low-pressurizer pressure reactor trip setpoint as a "convenience trip". The cases that actuated this function assumed
dropped rod and control bank worth combinations that were non-limiting with respect to DNB. The fact that the plant-specific low-pressurizer pressure setpoint (1775 psia) was lower than the value
assumed in the generic analysis (1860 psia) did not invalidate the applicability of the generic two-loop statepoints to Ginna. Therefore, the low-pressurizer pressure reactor trip setpoint value that was
used in the generic two-loop dropped RCCA analysis (1860 psia) did not represent an analytical limit for this function for Ginna.
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Table 15.0-7
Overtemperature and Overpower T Setpoints
564.6to 576.0F

Allowable Full-Power TAVG Range
K1 (safety analysis value)

1.30

K2

0.00093/psi

K3

0.0185/F

K4 (safety analysis value)

1.15

K5

0.0014/Fa

K6

0.00/F

T´

564.6to 576.0Fb

P´

2250 psia

f(I) Deadbandc

-14% Id to +6% I

f(I) Negative Gainc

-3.08%/%Id

f(I) Positive Gainc

+2.27%/%I

High-Pressurizer Pressure Reactor Trip Setpoint (safety analysis value)

2425 psia

Low-Pressurizer Pressure Reactor Trip Setpoint (safety analysis value)

1775 psia

a.

K5=0.0014/F is valid for increasing TAVG. For decreasing TAVG, K5=0.0/F

b.

Value to be set equal to or less than the full power operating TAVG chosen.

c.

The f(I) penalty is implicitly assumed in the non-LOCA safety analysis.

d.

Value supported by non-LOCA transient analysis. Value will change based on fuel rod design analysis.

Page 25 of 275

Revision 27 10/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

Table 15.0-8
DETERMINATION OF MAXIMUM OVERPOWER TRIP POINT - POWER RANGE
NEUTRON FLUX CHANNEL - BASED ON NOMINAL SETPOINT CONSIDERING
INHERENT INSTRUMENT ERRORS
Nominal setpoint

108% of Rated
Power

Maximum overpower trip point per uncertainty analysis.

115% of Rated
Power

Variable

Accuracy of Effect of Thermal Power
Measurement Determination (percent error)
of Variable
(Percent error)

Estimated

Assumed

Calorimetric errors in the
measurement of secondary system
thermal Power
Feedwater temperature

0.5

Feedwater pressure (small
correction on enthalpy)

0.5

Steam pressure (small correction
on enthalpy)
Feedwater flow

0.3

2
1.25

1.25
2 (a)

Assumed calorimetric error (% of
rated power)
Axial power distribution effects on
total ion chamber current
Estimated error (% of rated
power)

3
5 (b)

Assumed error (% of rated
power)
Instrumentation channel drift and
setpoint reproducibility
Estimated error (% of rated
power)

1
2 (c)

Assumed error (% of rated
power)
Total assumed error in setpoint
(a) + (b) + (c)

9
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Table 15.0-9
Summary of Initial Conditions and Computer Codes Used
Accident

Computer Codes
Used

DNB Correlation

RTDP

Excessive Load Increase

RCS Flow (gpm)

RCS Pressure
(psia)

RCS Temp (F)

Event bounded by the excessive-load-increase event

Decrease in Feedwater
Temperature
Increase in Feedwater
Flow

Initial NSS Power

RETRAN
VIPRE

N/A

WRB-1
(HFP)
W-3 (HZP)
WRB-1

yes(HFP)
No(HZP)

1817 MWt
0 MWt

177,300
(HFP)
170,200
(HZP)

676.0 (HFP)
547.0 (HZP)

2250

Yes

1817 MWt

177,300

576.0

2250

Event bounded by the steam system piping failure event.

Inadvertent Opening of a
Steam Generator Relief/
Safety Valve
Rupture of Steam PipeZero Power Core
Response

RETRAN
VIPRE

W-3

No

0 MWt

170,200

547.0

2250

Rupture of Steam PipeFull Power Core
Response

RETRAN
VIPRE

WRB-1

Yes

1817 MWt

177,300

576.0

2250

Combined Steam
Generator ARV and
Feedwater Control Valve
Failures
Steam Pressure
Regulator Malfunction or
Failure That Results in
Decreasing Steam Flow

RETRAN

WRB-1

Yes

1817 MWt

177,300

576.0

2250

580.0
(pressure)
576.0 (DNB)

2190
(pressure)
2250 (DNB)

Loss-of-External
Electrical Load

Turbine Trip

Event bounded by the loss-of-external-electrical-load-event.

RETRAN

WRB-1

N/A
(pressure)
Yes
(DNB)

1817 MWt
(pressure)
1817 Mwt (DNB)

170,200
(pressure)
177,300
(DNB)

Event bounded by the loss-of-external-electrical-load-event.
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Accident

Computer Codes
Used

DNB Correlation

RTDP

Initial NSS
Power

RCS Flow (gpm)

RCS Temp (F)

RCS Pressure
(psia)

Event bounded by the loss-of-external-electrical-load-event.

Loss-of-Condenser
Vacuum
Loss-of-Offsite-acPower to the Station
Auxiliaries

RETRAN

N/A

N/A

1817 MWt

170,200

572.0

231.0

Feedwater System
Pipe Breaks

RETRAN

N/A

N/A

1817 MWt

170,200

580.0

2190

Flow Coastdown
Accident

RETRAN
VIPRE

WRB-1

Yes

1817 MWt

177,300

576.0

2250

Locked Rotor Accident RETRAN
VIPRE
Uncontrolled RCCA
Withdrawal from a
Subcritical Condition

TWINKLE
FACTRAN
VIPRE

Uncontrolled RCCA RETRAN
Withdrawal at Power

N/A (Pressure/PCT) N/A(Pressure/PCT) 1817 MWt
WRB-1 (DNB)
Yes (DNB)
w-3a
WRB-1b

No

0 MWt
(core
power)

76,420c

547

2190

WRB-1

Yes
(DNB)

1817 MWt
(DNB/MSS
(100%)
Press.)
1090.2 MWt
(60%)
(DNB/MSS
Press.)
181.7 MWt
(DNB/MSS
(10%)
Press.)
145.4 MWt
(8%)
(RCS Press.)

177,300
(DNB/MSS)

576.0 (100%)
564.4 (60%)
549.9 (10%)
553.9 (8%)

2250
(DNB/MSS)

1817 MWt
(100%)
(Mode 1)
90.9 MWt
(5%)
(Mode 2)
0 MWt (0%)
(Mode 6)

N/A

580 (Mode 1)
547 (Mode 2)
140 (Mode 6)

2.250 (Modes 1 and 2)
14.7 (Mode 6)

N/A
(Pressure)

CVCS System
Malfunction

N/A

170,200 (Pressure/PCT) 580.0 (Pressure/PCT) 2310 (Pressure/PCT)
177,300 (DNB)
576.0 (DNB)
2250 (DNB)

N/A

N/A
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Accident

Computer Codes
Used

DNB Correlation

RTDP

Initial NSS Power

RCS Flow (gpm)

RCS Pressure
(psia)

RCS Temp (F)

RCCA Ejection

TWINKLE
FACTRAN

N/A

N/A

1811 MWt (core
power) (HFP)
0 MWt (core
power)
(HZP)

170,200
(HFP)
76,420c
(HZP)

580.0 (HFP)
547.0 (HZP)

2190

RCCA Drop

LOFTRANd
ANC
VIPRE

WRB-1

Yes

1817 MWt

177,300

576.0

2250

RETRAN

WRB-1

Yes

1817 MWt

177,300

576.0

2250

N/A

N/A

1817 MWt

170,200

574.5

2250

Inadvertent Opening of a
Pressurizer Safety or
Relief Valve
ATWS

LOFTRAN

a.

Below the first mixing vane grid.

b.

Above the first mixing vane grid.

c.

Single loop flow=0.449 * TDF.

d.

The LOFTRAN portion of the analysis was generic; the DNB evaluation performed with VIPRE utilized the plant-specific values presented.
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15.1

INCREASE IN HEAT REMOVAL BY THE SECONDARY
SYSTEM

Excessive heat removal (i.e., a heat removal rate in excess of the heat generation rate in the
core) from the reactor coolant to the steam generator feedwater is caused by one of the
following events:
A. Feedwater system malfunction that results in a decrease in feedwater temperature.
B. Feedwater system malfunction that results in an increase in feedwater flow.
C. Excessive load increase that results in an increase in feedwater flow.
D. Steam system piping failures that result in an increase in feedwater flow.
E. Combined steam generator atmospheric relief valve (ARV) and main feedwater regulating
valve (MFRV) failures that result in an increase in feedwater flow.
In 1991, the advanced digital feedwater control system (ADFCS) was installed at Ginna
Station (see Section 7.7.1.5). Prior to installation of the advanced digital feedwater control
system, the feedwater bypass valves were closed when operating with the main feedwater
regulating valves (MFRV). When operating with the advanced digital feedwater control
system, the main feedwater bypass valves can be partially open at the same time that the
main feedwater regulating valves are open. Thus, it is postulated for the increase in
feedwater flow events that it is possible for a regulating valve to open fully when its bypass
valve is open (References 1 and 2). As part of the 18 Month Fuel Cycle Program, the
increase in feedwater flow events (Section 15.1.2) and the combined steam generator
atmospheric relief valve (ARV) and feedwater control valve failure events (Section 15.1.6)
were analyzed with sufficient flow to bound the effects of regulating valves fully opening
with their associated bypass valve open.
15.1.1
15.1.1.1

DECREASE IN FEEDWATER TEMPERATURE
Description of Event

The reduction in feedwater temperature or enthalpy is one means of increasing core power
above full power. Such increases are attenuated by the thermal capacity in the secondary
plant and in the reactor coolant system. The overpower-over-temperature protection (nuclear
overpower and over-temperature delta T trips) prevents any power increase which could lead
to a departure from nucleate boiling ratio (DNBR) less than the safety analysis limit.
An extreme example of excess heat removal by the feedwater system is the transient
associated with the accidental opening of the condensate bypass valve which diverts flow
around the low-pressure feedwater heaters (see Section 10.4.4.4). In the event of an
accidental opening, there is a sudden reduction in inlet feedwater temperature to the steam
generators. The increased subcooling will create a greater load demand on the primary
system which can potentially lead to a reactor trip. The net anticipated effect on the reactor
coolant system is similar to the effect of increasing secondary steam flow, i.e., the reactor will
reach a new equilibrium condition at a power level corresponding to the new steam generator
delta T.
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15.1.1.2

Frequency of Event

The decrease in feedwater temperature is classified as an ANS Condition II event of moderate
frequency. Section 15.0.8 discusses Condition II events.
15.1.1.3

Event Analysis

The analysis procedure for the feedwater temperature reduction event from full power
consists of comparing the decreased enthalpy caused by the feedwater temperature reduction
with an equivalent enthalpy reduction that occurs from a steam line rupture initiated at full
power (Section 15.1.5.7).
The zero power case analysis was removed when ADFCS was installed. The analysis for a
zero power case with a feedwater flow increase is analyzed with ADFCS and appears in
Section 15.1.2.2.
15.1.1.3.1

Protective Features

The following reactor trip system (RTS) features provide protection against DNB for this
event:
A. Reactor trip is actuated by an overpower delta T signal if any two-of-four delta T channels
exceed a variable setpoint during the transient. The setpoint is automatically varied with
axial power imbalance and coolant temperature conditions.
B. Reactor trip is actuated by an over-temperature delta T signal if any two-out-of-four delta T
channels exceed a variable setpoint. This setpoint is automatically varied with axial power
imbalance, coolant temperature, and pressurizer pressure conditions.
None of the automatic reactor trips is credited in this evaluation.
15.1.1.3.2

Single Failures Assumed

No single failure in an instrumentation channel, or actuation train, will prevent the reactor trip
system from performing its protective function.
15.1.1.3.3

Operator Actions Assumed

No operator actions are credited in the evaluation of this event.
15.1.1.3.4

Chronological Description of Event

The event starts with a sudden decrease in feedwater temperature.
15.1.1.3.5

Impact on Fission Product Barriers

The DNBR is expected to remain greater than the safety analysis limit for this event. No fuel
cladding failures are anticipated. The reactor coolant system pressure is expected to decrease.
Therefore, the fuel cladding and reactor coolant pressure boundary maintain their integrity as
fission product barriers.
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15.1.1.4
15.1.1.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

The event is bounded by the steam line rupture event analyzed at hot full power conditions
(Section 15.1.5.7). The input parameters and initial conditions assumed in the steam line
rupture analysis are:
A. The initial reactor power, reactor coolant average temperatures, and reactor coolant
pressure are assumed to be at their nominal values consistent with high TAVG (576.0F).
See Table 15.0-3.
B. Maximum moderator reactivity feedback is assumed.
In the evaluation of the feedwater temperature reduction event, the nominal feedwater
enthalpy is reduced by an amount greater than the loss of one feedwater heater.
15.1.1.4.2

Methodology

The opening of a low-pressure heater bypass valve causes a reduction in feedwater
temperature which increases the thermal load on the primary system. The increased thermal
load, due to the opening of the condensate bypass valve, results in a transient similar, but of
a greatly reduced magnitude, to the steam system piping failure initiated from full power
conditions described in Section 15.1.5.7. Thus, the feedwater temperature reduction transient
is bounded by a steam system piping failure initiated from full power. No transient results
are presented, as no explicit analysis is performed.
15.1.1.4.3

Acceptance Criteria

The specific acceptance criterion used for this analysis is that the DNBR remains greater than
the safety analysis limit. The safety analysis DNBR limit is discussed in Section 4.4.
15.1.1.4.4

Results

No explicit results are presented for this event as it is bounded by the steam line rupture
analyzed at hot full power conditions (Section 15.1.5.7).
The feedwater enthalpy decrease incident is similar to an excessive load increase and is an
overpower transient for which the fuel temperatures rise. When a reactor trip does not occur,
the plant reaches a new equilibrium condition at a higher power level corresponding to the
increase in steam flow.
15.1.1.5

Radiological Consequences

An evaluation of radiological consequences is not performed since fuel failures are not
caused by this event.
15.1.1.6

Conclusions

The minimum DNBR remains above the safety analysis DNBR limit for feedwater enthalpy
decreases at full power.
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15.1.2

INCREASE IN FEEDWATER FLOW

The two cases analyzed are an increase in feedwater flow at full power (Section 15.1.2.1) and
at hot zero power (Section 15.1.2.2).
15.1.2.1
15.1.2.1.1

Increase in Feedwater Flow at Full Power
Description of Event

The addition of large amounts of feedwater to the steam generators results in excessive heat
removal from the primary coolant system. The resultant decrease in the average temperature
of the core causes an increase in core power (nuclear flux) due to moderator and control
system feedback.
The reduced coolant temperature also reduces the pressurizer water volume and pressurizer
pressure. The water volume decreases due to the increase in coolant density. Since the
pressurizer must remain at saturated conditions (it contains both water and steam), the pressure
decreases to the saturation pressure corresponding to the reduced water temperature.
The possible consequence of this accident (assuming no protective functions) is departure
from nucleate boiling (DNB) with subsequent fuel damage. With the addition of excess
feedwater into one or both steam generators, there is also the possibility of steam generator
overfill and damage to the turbine and steam piping. Protection is provided by isolating
feedwater flow at the high steam generator level setpoint.
Flow control failures causing the main feedwater regulating valves (MFRV) to fully open are
considered an initiating event. With an increase in feedwater flow at power, the high steam
generator water level setpoint is approached in the faulted loop(s). The high steam generator
water level will close the main feedwater regulating valve (MFRV) and the feedwater bypass
valve (if open) in the associated loop; the signal does not result in a turbine trip or a reactor
trip. This temporarily terminates the addition of feedwater to the faulted steam generator(s)
and the water level begins to drop. When the water level drops below the high steam
generator water level setpoint, the closure signal clears and the valves will reopen, potentially
causing the steam generator water level to increase. The control can oscillate between full
closed and open until a reactor trip signal or a safety injection signal is generated. If no
protection setpoint is approached, the main feedwater regulating valves (MFRV) will
continue to cycle until the operator has had time to identify the problem and take the
appropriate action, which could be to manually trip the reactor and isolate feedwater.
15.1.2.1.2

Frequency of Event

The increase in feedwater flow incident is classified as an ANS Condition II event of
moderate frequency. Section 15.0.8 discusses Condition II events.
15.1.2.1.3

Event Analysis

This transient is analyzed by increasing the feedwater flow in the faulted loop(s). The
increased flow is sufficient to cover the simultaneous opening of the main feedwater
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regulating valve (MFRV) with an open bypass valve. Four cases were analyzed to demonstrate
the plant behavior in the event of a sudden increase in feedwater flow at full power:
A. A step increase in feedwater flow to one steam generator to 200% of the nominal full power
flow rate initiated at full power with the reactor control in manual.
B. A step increase in feedwater flow to one steam generator to 200% of the nominal full power
flow rate initiated at full power with the reactor control in automatic.
C. Step increases in feedwater flow to both steam generators to 170% of the nominal full
power flow rate initiated at full power with the reactor control in manual.
D. Step increases in feedwater flow to both steam generators to 170% of the nominal full
power flow rate initiated at full power with the reactor control in automatic.
15.1.2.1.3.1

Protective Features

The following features provide protection for this event:
1. Reactor trip is actuated by an overpower delta T signal if any two-of-four delta T channels
exceed a variable setpoint during the transient. The setpoint is automatically varied with
axial power imbalance and coolant temperature conditions.
2. Reactor trip is actuated by an over-temperature delta T signal if any two-out-of-four delta T
channels exceed a variable setpoint during the transient. This setpoint is automatically varied
with axial power imbalance, coolant temperature, and pressurizer pressure conditions to
protect against DNB.
3. Reactor trip is actuated by a power range neutron flux high trip signal if any two-out-offour channels exceed neutron flux setpoints.
4. The main feedwater regulating and bypass valves close on high steam generator water level
or a safety injection (SI) signal on low pressurizer pressure. The high steam generator water
level signal is generated from two of three high level channels per steam generator. The
control valves are assumed to reopen once the high steam generator water level signal
clears. The low pressurizer pressure SI signal is generated from two of three pressurizer
low-pressure channels.
This analysis credits engineered safety features feedwater isolation signals for closing the
main feedwater regulating and bypass valves on a high steam generator water level.
None of the automatic reactor trips is credited in this analysis.
15.1.2.1.3.2

Single Failures Assumed

A single failure in one train of the reactor protection system is considered the limiting failure.
No single failure in the reactor trip system will prevent it from performing a protective trip of
the reactor. For operator-initiated trips, no single failure in one of the reactor trip system trip
actuation trains will prevent a manual trip of the reactor.
No single failure of one of three level instrumentation channels will prevent the closure of the
valves to the faulted steam generator.
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No single failure of one of three pressurizer low-pressure channels will prevent the closure of
the valves to the steam generators.
15.1.2.1.3.3

Operator Actions Assumed

No operator actions are credited in the analysis of this event up to the time when it is
demonstrated that the acceptance criteria are met. The operator is then expected to establish
stable plant conditions (which could include tripping the reactor or actuating an engineered
safety feature, if necessary).
15.1.2.1.3.4

Chronological Description of Event

Tables 15.1-1 to 15.1-4 give the time sequence for the four increased feedwater flow cases at
hot full power.
15.1.2.1.3.5

Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel
cladding failures are expected. The reactor coolant system pressure does not increase
significantly. The fuel cladding and reactor coolant pressure boundary maintain their
integrity as fission product barriers.
15.1.2.1.4
15.1.2.1.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. Initial values of reactor power, pressure, and average temperature assumed are consistent
with the Revised Thermal Design Procedure. The vessel average temperature is at the
maximum TAVG (576.0F) value. Initial conditions are shown in Table 15.0-3.
B. The feedwater temperature at the inlet of the steam generators is at its high value of 435F.
C. The steam generator water level corresponds to 48% on the narrow range level. This value
represents the nominal steam generator water level at nominal initial power with a negative
4% narrow range level uncertainty applied.
D. The feedwater malfunction causes an initial step increase to 200% of nominal full power
feedwater flow to the faulted steam generator. Feedwater malfunctions affecting both
steam generators cause 170% of nominal full power flow to both steam generators.
E. The main feedwater regulating and bypass valves close on high steam generator water level
after a 22 second delay. The high level setpoint is conservatively 100% of the narrow range
level which bounds the maximum value allowed by the Technical Specifications. The
delay conservatively accommodates electronic delay and valve closure times. The control
valves are assumed to reopen once the high steam generator water level signal clears.
F. Maximum moderator feedback is assumed to maximize the reactivity insertion. The
minimum doppler power defect is used to minimize the negative reactivity insertion with
increasing power in the fuel. No decay heat is assumed, but maximum values for prompt
neutron lifetime and minimum values for delayed neutron fraction are assumed.
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G. The pressurizer spray system and pressurizer power operated relief valves (PORV) are
assumed operational since they reduce primary system pressure and thereby minimize the
calculated values of DNBR.
H. Cases are analyzed with and without automatic rod control. Control systems are assumed
to function only if their operation results in more severe accident results.
15.1.2.1.4.2

Method of Analysis

The plant responses for malfunctions resulting in increased feedwater flow were analyzed
using the RETRAN code. The code simulates the neutron kinetics, reactor coolant system,
pressurizer, pressurizer relief and safety valves, pressurizer spray, steam generators, main
steam safety valves (MSSV), and feedwater system. Section 15.0.7 provides an additional
description of RETRAN and its capabilities.
This accident is analyzed with the Revised Thermal Design Procedure described in Reference
3. Uncertainties in initial conditions are included in the DNBR limit using this procedure.
The increase in feedwater flow significantly increases the heat removal by the faulted steam
generator(s). Feedwater flow rate to the faulted steam generator is increased instantaneously
to the maximum postulated value. The main feedwater regulating and bypass valves are
assumed to start to close once the steam generator high level setpoint is reached. The
subsequent re-opening and re-closing of the valves is modeled by maintaining (analytically)
the level in the faulted steam generator at the level reached 22 seconds after the high steam
generator water level signal is generated. This high level is maintained until the reactor is
manually tripped and the event is terminated.
15.1.2.1.4.3

Acceptance Criteria

The applicable acceptance criteria for this Condition II feedwater malfunction incident are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
The primary acceptance criterion used in this analysis is that the minimum DNBR remains
greater than the safety analysis limit in Section 4.4. The event does not challenge the primary
and secondary side pressure limits since the increased heat removal tends to cool the reactor
coolant system.
15.1.2.1.4.4

Results

The event sequences for the four full power cases are given in Tables 15.1-1 through 15.1-4.
Each case reaches an equilibrium condition in the first 10 minutes of the transient. The
results show that the DNBR remains above the safety analysis limit during the excessive
feedwater flow event.
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Of these four full power cases, the most limiting is the multi-loop feedwater malfunction with
manual rod controla. Plots of nuclear power, maximum reactor coolant system pressure, loop
average temperature, and steam generator pressure and mass versus time are given in Figures
15.1-1 through 15.1-3. As shown in Figure 15.1-1, the temperature reduction that results
from the increased feedwater flow is less than 5F.
15.1.2.1.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event.
15.1.2.1.6

Conclusion

The DNBRs for the excessive feedwater addition at power are above the safety analysis limit.
The analysis shows that reactor core is capable of reaching a stable condition if the event is
not terminated by the reactor trip system (RTS) or by the operator.
15.1.2.2

Increase in Feedwater Flow at Zero Power

15.1.2.2.1

Description of Event

The addition of large amounts of feedwater to the steam generators results in excessive heat
removal from the primary coolant system. When initiated at hot zero power, the resultant
decrease in the average temperature of the core can cause a return to criticality due to
moderator feedback.
The possible consequence of this accident (assuming no protective actions) is DNB with
subsequent fuel damage. Like the full power cases, the addition of excess feedwater can lead
to water carryover and damage to the plant if the feedwater isolation valves are not
automatically closed on high steam generator water level or the feedwater system is not
tripped.
15.1.2.2.2

Frequency of Event

The increase in feedwater flow incident is classified as an ANS Condition II event of
moderate frequency. Section 15.0.8 discusses Condition II events.
15.1.2.2.3

Event Analysis

The transient is analyzed by a step increase in feedwater flow to both steam generators to
110% of the nominal full power flow rate initiated at zero power with the reactor in manual.
15.1.2.2.3.1

Protective Features

The main feedwater regulating and bypass valves close on high steam generator water level or
a safety injection (SI) signal on low pressurizer pressure. The high steam generator water level
signal is generated from two of three high level channels per steam generator. The
a.

This event has been evaluated relative to the deletion of the automatic rod withdrawal feature in the rod
control system. The evaluation determined that the results presented herein are conservative and remain
valid.
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control valves are assumed to reopen once the high steam generator water level signal
clears. The low pressurizer pressure SI signal is generated from two of three pressurizer
low-pressure channels.
15.1.2.2.3.2

Single Failures Assumed

A single failure in one train of the reactor protection system is considered the limiting failure.
No single failure of one of three level instrumentation channels will prevent the closure of the
valves to the faulted steam generator.
No single failure of one of three pressurizer low-pressure channels will prevent the closure of
the valves to the steam generators.
15.1.2.2.3.3

Operator Actions Assumed

No operator actions are assumed in the transient analysis.
15.1.2.2.3.4

Chronological Description of Event

The event begins with the failing open of feedwater regulating and bypass valves to both
steam generators. The analysis is terminated at a point where there has been sufficient time to
show that the system reaches an equilibrium condition.
15.1.2.2.3.5

Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel cladding
failures are expected. The reactor coolant system pressure does not increase significantly. The
fuel cladding and reactor coolant pressure boundary maintain their integrity as fission product
barriers.
15.1.2.2.4
15.1.2.2.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. Initial values of reactor power, pressure, and nominal no load TAVG (547F) for the hot zero
power case are given in Table 15.0-3.
B. Reactivity feedback conditions are assumed to be at their maximum values except for the
doppler defect, which is minimized. No decay heat is assumed, but minimum values for
prompt neutron lifetime and delayed neutron fraction are assumed.
C. The event is analyzed with the reactor in manual control.
D. The feedwater control malfunction causes a step increase in feedwater flow to both steam
generators from zero to 110% of the nominal full power flow rate.
E. Feedwater temperature is at an assumed value of 100F. (A minimum temperature of 30F
was evaluated in Reference 6.)
F. A steam generator water level of 48% on the narrow range level is evaluated. This value
represents the nominal steam generator water level at zero power with a negative 4% narrow
range level uncertainty applied.
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G. The main feedwater regulating and bypass valves close on high steam generator water level
after a 22 second delay. The high level setpoint is conservatively 100% of the narrow range
level which bounds the maximum value allowed by the Technical Specifications. The delay
conservatively accommodates electronic delay and valve closure times. The control valves
are assumed to reopen once the high steam generator water level signal clears. The main
feedwater regulating and bypass valves can also close on a low pressurizer pressure safety
injection (SI) signal after a 32 second delay. The SI low pressurizer pressure set point is
conservatively set at 1715 psia.
H. The pressurizer spray system and pressurizer power operated relief valves (PORVs) are
assumed operational since they reduce primary system pressure and thereby minimize the
calculated valves of DNBR.
15.1.2.2.4.2

Methodology

The increase in feedwater flow at hot zero power is also analyzed using RETRAN. The
methodology for this case is essentially the same as described for the full power cases in
Section 15.1.2.1.4.2 except that once the SG level reaches the Hi SG level setpoint, it does
not decrease below the Hi SG level setpoint before a feedwater isolation on low pressurizer
pressure SI occurs. Thus, the reopening behavior of the main feedwater regulating and
bypass valves does not need to be addressed as described for the full power cases. In
addition, since the event is analyzed at zero power, the Revised Thermal Design Procedure is
not employed, but conditions corresponding to zero power are assumed.
15.1.2.2.4.3

Acceptance Criteria

The general acceptance criteria applicable to the feedwater malfunction event at hot zero
power are the same as the full power case. The minimum DNBR from the case initiated at hot
zero power conditions with manual rod control and a failure of the MFRVs in both loops is
greater than the safety analysis limit.
15.1.2.2.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event.
15.1.2.2.6

Conclusion

The DNBR for the excessive feedwater addition at zero power is above the safety analysis
limit. The analysis shows that reactor core is capable of reaching a stable condition if the
event is not terminated by the protection system or by the operator.
15.1.3
15.1.3.1

EXCESSIVE LOAD INCREASE INCIDENT
Description of Event

An excessive load increase incident is defined as a rapid increase in steam generator steam
flow that causes a power mismatch between the reactor core power and the steam generator
load demand. The reactor control system is designed to accommodate a 10% step load
increase and/or a 5%/min. ramp load increase (without a reactor trip) in the range of 15% to
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100% full power. Any loading rate in excess of these values may cause a reactor trip actuated
by the reactor trip system (RTS).
An excessive load increase incident could result from either an administrative violation such
as an excessive loading by the operator or an equipment malfunction in the steam dump
control or turbine speed control systems. For excessive loading by the operator or by system
demand, the turbine load limiter keeps maximum turbine load below approximately 100%
rated load.
During power operation, steam dump to the condenser is controlled by reactor coolant
condition signals, i.e., abnormally high reactor coolant temperature indicates a need for steam
dump. A single controller malfunction does not cause steam dump; an interlock is provided
that blocks the control signal to the valves unless a large turbine load decrease or a turbine
trip has occurred.
If the load increase exceeds the capability of the reactor control system, the transient is
terminated in time to prevent a DNBR less than the safety analysis limit by a combination of
the nuclear overpower trip, low pressurizer pressure trip, and the overpower-overtemperature delta T trips.
15.1.3.2

Frequency of Event

The excessive load increase incident is classified as an ANS Condition II event of moderate
frequency. Section 15.0.8 discusses Condition II events.
15.1.3.3

Event Analysis

Four cases were evaluated to determine the plant behavior following a 10% step load
increase from rated load. These cases are as follows:
1. Reactor control in manual with beginning-of-life, minimum moderator reactivity feedback.
2. Reactor control in manual with end-of-life, maximum moderator reactivity feedback.
3. Reactor control in automatic with beginning-of-life, minimum moderator reactivity
feedback.
4. Reactor control in automatic with end-of-life, maximum moderator reactivity feedback.
15.1.3.3.1

Protective Features

The following features provide protection for this event:
1. Reactor trip is actuated by an overpower delta T signal if any two-of-four delta T channels
exceed a variable setpoint during the transient. The setpoint is automatically varied with
axial power imbalance and coolant temperature conditions.
2. Reactor trip is actuated by an over-temperature delta T signal if any two-out-of-four delta T
channels exceed a variable setpoint during the transient. This setpoint is automatically varied
with axial power imbalance, coolant temperature, and pressurizer pressure conditions to
protect against DNB.
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3. Reactor trip is actuated by a power range neutron flux high trip signal if any two-out-offour channels exceed neutron flux setpoints.
4. Reactor trip is actuated on two-out-of-four low pressurizer pressure (RTS) signals.
None of the automatic reactor trips are credited in the evaluation.
15.1.3.3.2

Single Failures Assumed

A single failure was assumed in one train of the reactor trip system (RTS); however, no trip
was credited for this event.
15.1.3.3.3

Operator Actions Assumed

No operator actions are credited in the evaluation. The operator is expected to be able to
reduce power to normal levels following the transient.
15.1.3.3.4

Chronological Description of Event

The events start with a 10% step load increase. Reactor power increases with the plant reaching
a stabilized condition at the higher power level.
15.1.3.3.5

Impact on Fission Product Barriers

The DNBR is expected to be greater than the safety analysis limit for this event. No fuel
cladding failures are expected. Reactor coolant and steam pressures are expected to decrease.
The fuel cladding and reactor coolant pressure boundary maintain their integrity as fission
product barriers.
15.1.3.4
15.1.3.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. Initial values of reactor power, pressure, and average temperature assumed are consistent
with the Revised Thermal Design Procedure. The vessel average temperature is at the
maximum TAVG (576.0F) value. Plant characteristics and initial conditions are described
in Section 15.0.1.
B. For the beginning of life minimum moderator feedback cases, the core has the least positive
moderator density coefficient and the least negative doppler-only power coefficient curve.
Therefore, the core has the least inherent transient response capability.
C. For the end of life maximum moderator feedback cases, the moderator density coefficient
of reactivity has its most positive value and the most negative doppler-only power
coefficient curve. This results in the largest amount of reactivity feedback due to changes
in coolant temperature.
D. Automatic pressure control using the pressurizer sprays is assumed. Operation of the
sprays would decrease primary system pressure and minimize calculated DNBRs.
E. No credit is taken for the pressurizer heaters when the reactor coolant system pressure
decreases. Operation of the heaters would tend to increase the DNBR, which is nonconservative for this analysis.
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F. The reactor is assumed to be in automatic control.
G. A 10% step increase in steam demand is assumed.
H. Zero percent steam generator tube plugging is assumed. Sensitivity results showed that this
case is slightly more limiting than when plugging is assumed.
15.1.3.4.2

Methodology

Given the non-limiting nature of this event with respect to the DNBGR safety analysis
criterion, an explicit analysis was not performed as part of the Extended Power Uprate
Program. Instead, a detailed evaluation of this event was performed. The evaluation model
consists of the generation of statepoints based on generic conservative data. The statepoints
are in the form of changes in temperature, pressure, power, and flow that are applied to the
plant's initial conditions. These conditions are then compared to the core thermal limits to
ensure that the DNBR limit is not violated. Statepoints for the following cases were
evaluated:
•

Reactor in manual rod control with BOL (minimum moderator) reactivity feedback

•

Reactor in manual rod control with BOL (maximum moderator) reactivity feedback

•

Reactor in automatic rod control with BOL (minimum moderator) reactivity feedback

•

Reactor in automatic rod control with BOL (minimum moderator) reactivity feedback

15.1.3.4.3

Acceptance Criteria

The general acceptance criteria for a Condition II event are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
Primary and secondary side pressures tend to decrease due to increased heat removal from
both systems. Therefore, the specific criterion used for this incident is that the DNBR must
remain greater than the safety analysis limit described in Section 4.4.
15.1.3.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failure occurs.
15.1.3.6

Conclusions

It has been demonstrated that, for an excessive load increase, the DNBR remains above the
safety analysis DNBR limit. Following the load increase, the plant rapidly reaches a stable
condition at the higher power level.

Page 42 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

Although no additional cladding failures occur, the coolant activity can increase due to iodine
spiking caused by the rapid reduction in primary system pressure. Normal primary to
secondary side leakage rates in the steam generators could provide pathways for the release of
reactor coolant activity to the secondary side. Secondary side activity pathways include
steaming down of the intact steam generator to remove heat from the primary side and through
the main steam piping for breaks located outside containment.
The containment is designed to maintain its integrity after the instantaneous rupture of the
largest primary or secondary system piping within the structure. Main steam line breaks
inside containment do not exceed the containment design limits in the containment integrity
evaluations in Section 6.2.1.2. Therefore, the containment remains available as an additional
fission product barrier for breaks inside containment.
The largest potential release of activity to the environment is for steam line breaks occurring
outside containment. The radiological consequences for this release path are evaluated in
Section 15.1.5.5.
15.1.5.4

Reactor Core and Plant System Evaluation

The analyses for main steam pipe rupture events are performed with hot shutdown (MODE 3)
initial conditions. Should the reactor be in MODE 1 or MODE 2 at the time of a steam line
break, the reactor will be tripped by the normal overpower protection system when the power
level reaches the trip setpoint. Following a trip at power, the reactor coolant system contains
more stored energy than at no load, the average coolant temperature is higher than at no load,
and there is appreciable energy stored in the fuel. Thus, the additional stored energy is
removed via the cooldown caused by the steam line break before the no-load conditions of
reactor coolant system temperature and shutdown margin assumed in the analyses, are
reached. After the additional stored energy has been removed, the cooldown and reactivity
insertions proceed in the same manner as in the analyses, which assume no-load conditions at
time zero.
15.1.5.4.1

Input Parameters and Initial Conditions

A. Initial values of pressure, average temperature and reactor coolant flow are at the no load
TAVG (547F) conditions given in Table 15.0-5.
B. The analyses assume initial hot shutdown conditions with the rods inserted (except for one
stuck rod) at time zero. The core has no decay heat.
C. The shutdown reactivity is 1.3% delta k at no load, equilibrium xenon conditions with two
loops in operation. This is the end of life design value including design margins with the
most reactive rod cluster control assembly stuck in its fully withdrawn position. A shutdown reactivity of 1.8% delta k is used for one loop in service. Both values are consistent
with the Technical Specifications. Operation of rod cluster control assembly banks during
core burnup is restricted in such a way that addition of positive reactivity in a secondary
system steam release accident will not lead to a more adverse condition than the case
analyzed.
D. A negative moderator temperature coefficient corresponding to the end-of-life rodded core
with the most reactive rod cluster control assembly fully withdrawn is assumed. The
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variation of the coefficient with temperature and pressure is included. The multiplication
factor k versus temperature at 1050 psia based on the moderator temperature coefficient is
shown in Figure 15.1-4.
E. In computing the power generation following a steam line break, the local reactivity
feedback from the high neutron flux in the region of the core near the stuck control
assembly has been included in the overall reactivity balance. The local reactivity feedback
is composed of doppler reactivity from the high fuel temperatures near the stuck control
rod and moderator feedback from the high water enthalpy near the stuck rod. For the cases
analyzed where steam generation occurs in the high flux regions of the core, the effect of
void formation on the reactivity has been included. The effect of power generation in the
core on overall reactivity is presented in Figure 15.1-5. The curve assumes end-of-life core
conditions with all rods in except the most reactive rod which is assumed stuck in its fully
withdrawn position.
F. Minimum safety injection consists of two-out-of-three safety injection pumps in operation
with each pump delivering flow to a cold leg.
G. The boron concentration in the accumulators is 2100 ppm and in the RWST is 2300 ppm,
which is less than the Technical Specification limit. The time to sweep the unborated water
from the safety injection piping is included.
H. Power peaking factors corresponding to one stuck control rod assembly and non-uniform
core inlet coolant temperatures are determined at the end-of-core life. The coldest core
inlet temperatures are assumed to occur in the sector with the stuck rod. The power peaking
factors account for the effect of the local void in the region of the stuck control rod
assembly during the return to power phase following the steam line break. This void in
conjunction with the large negative moderator coefficient partially offsets the effect of the
stuck assembly. The power peaking factors depend upon the core power, temperature,
pressure, and flow, and thus are different for each case studied.
I.

A steam line rupture break area of 1.4 ft2 is assumed upstream of the main steam isolation
valves. The rupture size is limited to the 1.4 ft2 throat area of the steam generators. The
steam flows out of the breaks assume no friction losses.

J.

Operation of the main and auxiliary feedwater control systems are postulated to maximize
heat extraction and make the accident more severe. For the main steam line rupture, full
main feedwater flow is assumed until automatic isolation occurs.

K. An auxiliary feedwater enthalpy of 3.05 Btu/lbm is used in Cases 1, 2 and 3 to evaluate
core response to auxiliary feedwater temperatures as low as approximately 35F.
L. Zero percent steam generator plugging is assumed since it results in more severe cooldown
of the reactor coolant system due to enhanced primary to secondary heat transfer.
15.1.5.4.2

Methodology

RETRAN is used to determine transient values for the core heat flux, pressure, core inlet
temperature, reactor coolant flow rate, and boron concentrations for use in the DNBR
evaluations. Next, the reactivity and radial power distributions are calculated using the
RETRAN-generated parameters. Finally, a detailed DNBR evaluation is performed based on
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results from the VIPRE-W code. VIPRE-W performs DNBR analyses using detailed
thermal-hydraulic models using core transient parameters determined by RETRAN.
Additional descriptions of the RETRAN and VIPRE-W codes are provided in Sections
15.0.7 and 4.4.2.3.
The DNBRs at low pressures are determined using the W-3 correlation. Test data used to
develop the W-3 correlation were taken at pressures ranging from 1000 to 2300 psia;
however, evaluations using the same data source show that the W-3 correlation holds for
pressures less than 1000 psia. The NRC has agreed with the use of the W-3 correlation for
pressures ranging from 500 to 1000 psia provided the correlation limit is increased from 1.30
to 1.45 (see Section 4.4.3.1). This increase accommodates uncertainties associated with the
use of the W-3 correlation at low pressures (Reference 4).
DNBR is not calculated if the core remains subcritical. With no return to power, the actual
heat flux is negligible. The resultant DNBR is essentially infinite and automatically satisfies
the DNBR criteria.
15.1.5.4.3

Acceptance Criteria

The general acceptance criteria for ANS Condition II events are used for the range of steam
line breaks and valve malfunctions analyzed here. The ability to meet Condition II criteria for
major steam line ruptures shows that applicable Condition III and IV acceptance criteria can
be met. Condition II acceptance criteria are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
The specific acceptance criterion used for this analysis is that the DNBR remains greater than
the correlation limit. The event will not challenge the primary and secondary side pressure
limits since the increased heat removal tends to cool the reactor coolant system.
15.1.5.4.4

Results

Figures 15.1-6 through 15.1-10 show the reactor coolant system transient and core heat flux
for Case (1) following a steam line rupture (complete severance of a line) at initial no-load
conditions with two loops in operation. Offsite power is assumed available such that full
reactor coolant flow exists. The transient shown assumes the rods inserted at time zero (with
one rod stuck in its fully withdrawn position) and steam flow from both steam generators.
Should the core be critical at near zero power when the rupture occurs, the initiation of safety
injection by low steam line pressure will trip the reactor. Steam release from at least one
steam generator will be prevented by either the non-return check valve or by automatic trip of
the fast-acting main steam isolation valve (MSIV) in the steam line by the high-high steam
flow signal in coincidence with the safety injection signal. Even with the failure of one valve,
release is limited to no more than 8.4 seconds for one steam generator while the second
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generator blows down. (The steam line isolation valves are designed to be fully closed in
less than 5 seconds with no flow through them. With the high flow existing during a steam
line rupture, the valves will close considerably faster.)
The core becomes critical with the rods inserted (with the design shutdown assuming one
stuck rod) at 22.7 seconds. Boron solution at 2300 ppm enters the reactor coolant system
from the safety injection system (initiated automatically by the low steam line pressure) at
24.8 seconds, which includes the delay required to clear the safety injection system lines of
low concentration boric acid. The peak core heat flux is 13.3% of 1811 MWt, and the
minimum DNBR remains greater than the safety analysis limit.
Figures 15.1-11 through 15.1-15 show the responses for Case (2), which assumes a loss of
offsite power at time zero followed by coastdown of the reactor coolant pumps. The safety
injection system delay time includes the time required to start two safety injection pumps on
one diesel after the assumed failure of one safety injection pump. Credit is taken for only the
safety injection flow entering the cold-leg lines since the flow to the hot-leg flow paths are
valved shut. The peak heat flux power is 6.0% of nominal. Again, the DNBR is greater than
the safety analysis limit.
Figures 15.1-16 through 15.1-20 show the transient for a double-ended rupture assuming one
loop in service for Case (3). The loop having the faulted steam generator is assumed to be in
operation. The sequence of events is similar to the case with both loops in operation. The
core becomes critical at 41.4 seconds. Boron solution enters the core at 28 seconds. The
peak core heat flux neglecting the initial release of stored energy is 6.2% of 1811 MWt. The
DNBR remains above the correlation limit.
The sequence of events for each case is presented in Table 15.1-6.
15.1.5.5

Radiological Consequences

The radiological consequences from a main steamline rupture at power were calculated in
Reference 11. Doses were calculated for offsite and their control room using the alternate
source term methodology assuming an accident initiated iodine spike or a pre-accident iodine
spike. The inputs to the calculation were updated for a core power of 1811 MWt.
The results of the calculations are presented on Table 15.1-9. All doses are less than the
acceptance criteria of 2.5 rem for accident initiated spike, 5.0 rem for pre-accident spike, and
5.0 rem for control room.
Reference 11 is now considered to be the analysis of record. As part of the Control Room
Emergency Air Treatment (CREATS) modification, the control room dose was reanalyzed
because of the new system configuration. For consistency, new x/Q values and off-site doses
were also analyzed. The analysis was performed using the alternate source term (AST) per
10CFR 50.67 and Reference 12. The two cases evaluated were with a pre-accident iodine
spike to the Tech Spec Limit, and an accident initiated iodine spike of a factor of 500. The
new methodology and analysis was approved by the NRC in Reference 13 as supplemented
by Reference 14. The assumptions used in the analysis are summarized in Table 15.1-8 and
the results are contained in Table 15.1-9.
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15.1.5.6

Conclusions

Steam line breaks were analyzed for the double-ended rupture of a main steam line and the
failing open of a main steam safety valve. A DNB analysis was performed for each case. In
all cases, the DNBRs are greater than the correlation limit.
Radiological consequences of a main steam line pipe rupture are well within the limits of 10
CFR 50.67.
15.1.5.7
15.1.5.7.1

Supplemental Evaluations
SEV-1073

SEV-1073 (Reference 10) addresses issues regarding the ability of the motor driven auxiliary
feedwater trains(s) to initially deliver adequate flow. This evaluation is not valid at EPU
conditions. The flow requirements for the motor driven auxiliary feedwater train(s) are
presented in Section 15.2.7, Feedwater System Pipe Breaks, and Section 6.2.1.2.3, Secondary
System Pipe Break Analysis.
15.1.5.7.2

HZP 6 Inch Steamline Break

This analysis was done to show the core response to a break of a branch steamline off the
main steamline upstream of the main steam isolation valve in the intermediate building (the
largest line is 6 inches). The purpose was to show feedwater isolation was not required for
this break. Therefore, feedwater isolation valves located in the intermediate building are not
required to be environmentally qualified.
The analysis described in Section 15.1.5.3 for Case (1) was redone for a 6- inch break
assuming no feedwater isolation. Upon reaching a safety injection signal, the main
feedwater pumps were tripped and the feedwater regulating valve was assumed to fail open.
Since there was no feedwater isolation when steam generator pressure dropped below 350
psia, feedwater was supplied by the condensate pumps.
A DNBR evaluation was performed. The 6-inch HZP steamline break was less limiting than
the 1.4ft2 break.
15.1.5.7.3

High Steam Flow Setpoint Increase Evaluation

This analysis was done to support an increase in the high steam flow setpoint from 0.66x106
lbm/hr to 1.5x106 lbm/hr.
The analysis described in Section 15.1.5.3 for Case (1) was redone using a high steam flow
setpoint of 1.5x106 lbm/hr and a break size just large enough to generate a high steam flow
signal in both loops without resetting before a safety injection and low Tavg signal was
generated. Therefore, any larger break would reach the high steam flow setpoint and not
reset before the steamline isolation logic was satisfied (high steam flow/safety injection/low
Tavg). The Case (1) DNBR with the assumed break size was evaluated and found to be less
limiting than for the 1.4ft2 break. Therefore, for a high steam flow setpoint of 1.5x106
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lbm/hr, any break smaller than the assumed break size with no steamline isolation is bounded
by the HZP 1.4ft2 break Any break larger than the assumed break size will cause a steamline
isolation.
15.1.5.7.4

Steamline Rupture a Full Power

To ensure safe shutdown during Mode 1 operation, the steam line rupture event was analyzed
at hot full power conditions. For this analysis, initial conditions of core power, RCS coolant
temperature and pressurizer pressure were assumed to be at their normal values consistent
with steady-state full power operation. Uncertainties in the initial conditions of these
parameters were not considered, consistent with the application of the Revised Thermal
Design Procedure (RTDP) methodology. Steam generator water level was assumed to be at
its normal value. Minimum measured flow was modeled according to the RTDP
methodology. To maximize primary-to-secondary heat transfer and result in a more severe
RCS cooldown transient, 0% steam generator tube plugging (SGTP) level was assumed. The
most limiting overpower case is typically the largest break to produce a reactor rip on OPT.
Since Ginna has steam exit nozzle flow restrictors which limit the flow area to 1.396 ft2, the
analysis modeled a spectrum of cases with break sizes up to 1.4ft2. The analysis
demonstrates that the most limiting break size is 1.4ft2 which trips on OPT (not that the
high-high steam flow setpoint was set arbitrarily high). The DNB ratio does not exceed the
safety analysis limit value. In addition, the break liner heat generation rate (expressed in
kW/ft) does not exceed their fuel centerline melt limit. This event resulted in a decrease in
both the primary and secondary side pressures, therefore the maximum RCS and Main Steam
System pressure criteria are not challenged by the hot full power steam line rupture.
15.1.5.8

Potential for Containment Overpressurization

The potential for containment overpressurization resulting from a main steam line break with
continued feedwater addition has been considered at Ginna Station. The analysis presented in
Section 6.2 accounts for auxiliary feedwater addition from the motor driven auxiliary feedwater
(MDAFW) pump and turbine driven auxiliary feedwater (TDAFW) pump, as appropriate, for
the duration of the event. Manual isolation is assumed after 10 minutes.
15.1.6
15.1.6.1

COMBINED STEAM GENERATOR ATMOSPHERIC RELIEF VALVE (ARV) AND
MAIN FEEDWATER REGULATING VALVE (MFRV) FAILURES
Description of Event

Failure of a processing controller with the advanced digital feedwater control system
(ADFCS) is postulated to result in the simultaneous failure (spurious opening) of the
atmospheric relief valves (ARVs) and the main feedwater regulating valves (MFRVs) and
main feedwater bypass valves (MFBPVs). Therefore, combined ARV and MFRV/MFBPV
failures are considered.
The spurious opening of a steam generator atmospheric relief valve (ARV) is a credible steam
line break. A credible steam line break results in a cooldown of the reactor coolant system
due to the excessive heat removal caused by the increase in steam flow. Steam line break
analyses assume maximum reactivity feedback, which result in addition of positive reactivity.
This addition of positive reactivity can cause an increase in core power beyond 100% when
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initiated from full-power conditions or a return to criticality (return to power) when initiated
from zero-power conditions. The possible consequence of this accident is a DNB with
subsequent fuel damage.
Malfunction of a feedwater controller can result in full opening of a main feedwater
regulating valve and its bypass valve as described in Section 15.1.2. A spurious opening of a
main feedwater regulating valve (MFRV) or main feedwater bypass valve (MFBPV) to one
or both steam generators affects the primary system in the same way as a credible steam line
break, i.e., a primary system cooldown can occur. Thus, assuming a feedwater malfunction
coincident with a failure of an ARV could result in a more severe cooldown than the steam
line break analysis presented in Cases (3), (4) and (6) in Section 15.1.5, or the feedwater
system malfunctions presented in Section 15.1.2.
15.1.6.2

Frequency of Event

The spurious opening of a steam generator ARV or a feedwater system malfunction is each
classified as a Condition II event of moderate frequency. A postulated electronic failure in
ADFCS that can potentially result in the combined full opening of an ARV and main feedwater
regulating/bypass valve is classified and analyzed as a Condition II event. Section 15.0.8
discusses Condition II events.
15.1.6.3

Event Analysis

Analyses are performed for possible combinations of atmospheric relief valve (ARV) and
main feedwater regulating valve (MFRV)/main feedwater bypass valve (MFBPV) failures.
Six cases are analyzed based on five different scenarios (see Table 15.1-7s). The five
scenarios are:
A. A stuck open atmospheric relief valve (ARV) in one loop.
B. Stuck open atmospheric relief valves (ARVs) in both loops.
C. A stuck open atmospheric relief valve (ARV) and a failed open main feedwater regulating
valve (MFRV) and main feedwater bypass valve (MFBPV) in the same loop.
D. A stuck open atmospheric relief valve (ARV) and a failed open main feedwater regulating
valve (MFRV) and main feedwater bypass valve (MFBPV) in opposite loops.
E. Stuck open atmospheric relief valves (ARVs) and main feedwater regulating valves
(MFRVs) and main feedwater bypass valves (MFBPVs) in both loops.
The six cases model the scenarios resulting in the most severe cooldown at hot full and hot
zero power with automatic rod control (hot full power cases) and manual rod control (hot full
and hot zero power cases) that have not already been bounded by the cases considered in
Section 15.1.5.
Transient analyses are performed for the full power cases until the events are terminated by
the reactor trip system (RTS) or by the operator. The zero power cases which are analyzed to
determine the margin to the DNBR limit, are terminated after the system reaches a new
equilibrium condition. The feedwater flow used in full and zero power cases is great enough
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to exceed the flow from the simultaneous opening of a main feedwater regulating valve and
its associated bypass valve.
15.1.6.3.1

Protective Features

The following features provide protection for this event:
1. Reactor trip is actuated by an overpower delta T signal if any two-of-four delta T channels
exceed a variable setpoint during the transient. The setpoint is automatically varied with
axial power imbalance and coolant temperature conditions.
2. Reactor trip is actuated by an over-temperature delta T signal if any two-out-of-four delta T
channels exceed a variable setpoint during the transient. This setpoint is automatically varied
with axial power imbalance, coolant temperature, and pressurizer pressure conditions to
protect against DNB.
3. Reactor trip is actuated by a power range neutron flux high trip signal if any two-out-offour channels exceed neutron flux setpoints.
4. The main feedwater regulating and bypass valves close on high steam generator water level
or a safety injection (SI) signal on low pressurizer pressure. The high steam generator water
level signal is generated from two of three high level channels per steam generator. The
control valves are assumed to reopen once the high steam generator water level signal
clears. The low pressurizer pressure SI signal is generated from two of three pressurizer
low-pressure channels.
This analysis credits engineered safety features feedwater isolation signals for closing the
main feedwater regulating and bypass valves on a high steam generator water level or on
safety injection from a low pressurizer pressure signal.
Overpower delta T is the only automatic reactor trip credited in this analysis and is credited in
only 2 (Cases 5-C and 5-D) of the 6 cases analyzed (see Table 15.1-7). No automatic reactor
trip is credited in the remaining 4 cases.
15.1.6.3.2

Single Failures Assumed

A single failure in one train of the reactor protection system is considered the limiting failure.
No single failure in the reactor trip system will prevent it from performing a protective trip of
the reactor. For operator-initiated trips, no single failure in one of the reactor trip system trip
actuation trains will prevent a manual trip of the reactor.
No single failure of one of three level instrumentation channels will prevent the closure of the
valves to the faulted steam generator.
No single failure of one of three pressurizer low-pressure channels will prevent the closure of
the valves to the steam generators.
15.1.6.3.3

Operator Actions Assumed

No operator actions are credited in the analysis of this event up to the time when it is
demonstrated that the acceptance criteria are met. The operator is then expected to establish
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stable plant conditions (which could include tripping the reactor or actuating an engineered
safety feature, if necessary).
15.1.6.3.4

Chronological Description of Event

All events start with the sudden opening of a main feedwater regulating and bypass valve
(MFRV/MFBPV) or atmospheric relief valve (ARV) due to control failures. The valves may
open for one or both steam generators depending on the case analyzed. For the full power
cases, the transient is analyzed until an automatic reactor trip occurs or until the operator
terminates the event at 600 seconds. Hot zero power cases are analyzed long enough for the
system to reach a new equilibrium condition.
15.1.6.3.5

Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel
cladding failures are expected. The reactor coolant system pressure does not increase
significantly. The fuel cladding and reactor coolant pressure boundary maintain their
integrity as fission product barriers.
15.1.6.4
15.1.6.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

For the full power cases:
A. Initial values of reactor power, pressure, and average temperature assumed are consistent
with the Revised Thermal Design Procedure. The vessel average temperature is at the
maximum TAVG (576F) value.
B. The feedwater temperature at the inlet of the steam generators is at its high value of 435F.
C. The steam generator water level corresponds to 48% on the narrow range level. This value
represents the nominal steam generator water level at nominal initial power with a negative
4% narrow range level uncertainty applied.
D. The feedwater malfunction causes an initial step increase to 200% of nominal full power
feedwater flow to the faulted steam generator. Feedwater malfunctions affecting both steam
generators cause 170% of nominal full power flow to both steam generators.
E. The main feedwater regulating and bypass valves close on high steam generator water level
after a 22 second delay. The high level setpoint is conservatively 100% of the narrow range
level which bounds the maximum value allowed by the Technical Specifications. The delay
conservatively accommodates electronic delay and valve closure times. The control valves
are assumed to reopen once the high steam generator water level signal clears.
The main feedwater regulating and bypass valves can also close on a low pressurizer
pressure safety injection (SI) signal after a 32 second delay. The SI low pressurizer
pressure setpoint is conservatively set at 1715 psia.
F. Maximum moderator feedback is assumed to maximize the reactivity insertion. The
minimum doppler power defect is used to minimize the negative reactivity insertion with
increasing power in the fuel. No decay heat is assumed, but maximum values for prompt
neutron lifetime and minimum values for delayed neutron fraction are assumed.
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G. The pressurizer spray system and pressurizer power operated relief valves (PORV) are
assumed operational since they reduce primary system pressure and thereby minimize the
calculated values of DNBR.
H. A conservative flow with respect to the 6-inch ARV is assumed.
I.

Cases are analyzed with and without automatic rod control. Control systems are assumed to
function only if their operation results in more severe accident results.

For the zero power cases:
A. Initial values of reactor power, pressure and nominal no load Tavg (547F) are consistent
with the zero power conditions.
B. Reactivity feedback conditions are assumed to be at their maximum values except for the
doppler defect, which is minimized. No decay heat is assumed, but minimum values for
prompt neutron lifetime and delayed neutron fraction are assumed.
C. The event is analyzed with the reactor in manual control.
D. The feedwater control malfunction causes a step increase in feedwater flow to one or both
of the steam generators from essentially zero to 110% of the nominal full power flow rate.
E. Feedwater temperature is at an assumed value of 100F.
F. A steam generator water level of 48% on the narrow range level is evaluated. This value
represents the nominal steam generator water level at zero power with a negative 4% narrow
range level uncertainty applied.
G. The main feedwater regulating and bypass valves close on high steam generator water level
after a 22 second delay. The high level setpoint is conservatively 100% of the narrow range
level which bounds the maximum value allowed by the Technical Specifications. The delay
conservatively accommodates electronic delay and valve closure times. The control valves
can reopen once the high steam generator water level signal clears.
The main feedwater regulating and bypass valves can also close on a low pressurizer
pressure safety injection (SI) signal after a 32 second delay. The SI low pressurizer pressure
setpoint is conservatively set at 1715 psia.
H. A conservative flow with respect to the 6-inch ARV is assumed.
I.

The pressurizer spray system and pressurizer power operated relief valves (PORVs) are
assumed operational since they reduce primary system pressure and thereby minimize the
calculated values of DNBR.

15.1.6.4.2

Methodology

These transients are analyzed using the RETRAN code. Section 15.0.7 provides an additional
description of RETRAN and its capabilities.
The full power cases are analyzed with the Revised Thermal Design Procedure described in
Reference 3. Uncertainties in initial conditions are included in the DNBR limits using this
procedure. DNBRs are not explicitly determined for the hot zero power cases. Instead, the
conditions for the limiting case (Case 5-F) are evaluated with respect to similar conditions
associated with a calculated DNBR that was above the safety analysis limit.

Page 55 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

The step increase in flow feedwater flow to the faulted steam generator causes the level to
increase until the main feedwater regulating and bypass valves close after the high level
setpoint is reached. The analytical method used to account for cycling about the setpoint level
in the full power cases that do not trip on Overpower delta T (Cases 5-A, 5 B) is the same as
Section 15.1.2.1.4.2 used for the increase in feedwater flow event. In Cases 5-C and 5-D, the
step increase in feedwater flow to the faulted steam generators continues past the time the
high level setpoint is reached until the main feedwater regulating and bypass valves close on a
safety injection signal on low pressurizer pressure.
15.1.6.4.3

Acceptance Criteria

The applicable acceptance criteria for this Condition II combined atmospheric and feedwater
control valve failures are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the most limiting rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
The primary acceptance criterion used in this analysis is that the minimum DNBR remains
greater than the safety analysis DNBR limit defined in Section 4.4. The event does not
challenge the primary and secondary side pressure limits since the increased heat removal tends
to cool the reactor coolant system.
15.1.6.4.4

Results

The six cases summarized in Table 15.1-7 were analyzed. The analyses show that all of the
full power cases have DNBRs greater than the safety analysis DNBR limit. The most severe
transient resulting from the full power cases is Case 5-C with both ARVs and both MFRVs/
MFBPVs failed open with the reactor in manual controla. Case 5-C and Case 5-D are
terminated by an overpower delta T trip; all other full power cases reach a quasi-equilibrium
condition in the first 10 minutes of the transient. The event sequence for Case 5-C is given in
Table 15.1-10. Plots for Case 5-C are given as Figures 15.1-21 through 15.1-24.
The most limiting zero power case, in terms of the resulting core heat flux, is Case 5-F in
Table 15.1-7. The DNBR from the limiting zero power case (Case 5-F) is similar to a DNBR
calculated above the safety analysis limit for a case with similar transient conditions.
15.1.6.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event. Secondary coolant steam activities discharged from the atmospheric relief
a. This event has been evaluated relative to the deletion of the automatic rod withdrawal feature in the rod
control system. The evaluation determined that the results presented herein are conservative and remain
valid.
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valves to areas outside the exclusion area boundary (EAB) are expected to be minor and a
small fraction of 10 CFR 50.67.
15.1.6.6

Conclusions

All full and zero power cases meet the safety analysis DNBR limit.
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Table 15.1-1
TIME SEQUENCE OF EVENTS FOR FEEDWATER MALFUNCTION TRANSIENTS
HOT FULL POWER - SINGLE LOOP - WITH ROD CONTROLa
Event

Time (sec)

Main Feedwater Regulating Valve (MFRV) in loop 1 fails full open

0

High steam generator water level setpoint reached in loop 1 (100% narrow
range)

33.4

Feedwater flow in loop 1 throttled back to conservatively maintain the
water level in loop 1 at a constant level

55.4

Minimum DNBR is reached

65.7

Manual feedwater isolation and reactor trip occur

600.0

a. This event has been evaluated relative to the deletion of the automatic rod withdrawal feature in the rod
control system. The evaluation determined that the results presented herein are conservative and remain
valid.
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Table 15.1-2
TIME SEQUENCE OF EVENTS FOR FEEDWATER MALFUNCTION TRANSIENTS
HOT FULL POWER - SINGLE LOOP - WITHOUT ROD CONTROL
Event

Time (sec)

Main Feedwater Regulating Valve (MFRV) in loop 1 fails full open

0

High steam generator water level setpoint reached in loop 1 (100% narrow
range)

33.3

Feedwater flow in loop 1 throttled back to conservatively maintain the
water level in loop 1 at a constant level

55.3

Minimum DNBR is reached

64.2

Manual feedwater isolation and reactor trip occur

600.0
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Table 15.1-3
TIME SEQUENCE OF EVENTS FOR FEEDWATER MALFUNCTION TRANSIENTS
HOT FULL POWER - MULTI LOOP - WITH ROD CONTROLa
Event

Time (sec)

Main Feedwater Regulating Valves (MFRV's) in both loops fail open

0

High steam generator water level setpoint reached in loop 1

45.7

High steam generator water level setpoint reached in loop 2

45.8

Feedwater flow throttled back to conservatively maintain the water level in
loop 1 at a constant level

67.7

Feedwater flow throttled back to conservatively maintain the water level in
loop 2 at a constant level

67.8

Minimum DNBR is reached

77.0

Manual feedwater isolation and reactor trip occur

600.0

a. This event has been evaluated relative to the deletion of the automatic rod withdrawal feature in the rod
control system. The evaluation determined that the results presented herein are conservative and remain
valid.
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Table 15.1-4
TIME SEQUENCE OF EVENTS FOR FEEDWATER MALFUNCTION TRANSIENTS
HOT FULL POWER - MULTI LOOP - WITHOUT ROD CONTROL
Event

Time (sec)

Main Feedwater Regulating Valves (MFRVs) in both loops fail full open

0

High steam generator water level setpoint reached in both loops

45.7

Feedwater flow in both loops throttled back to conservatively maintain the
water level in both steam generators at a constant level

67.7

Minimum DNBR is reached

76.5

Manual feedwater isolation and reactor trip occur

600.0
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Table 15.1-5
Table DELETED
Table DELETED
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Table 15.1-6
TIME SEQUENCE OF EVENTS FOR STEAM LINE RUPTURE
Case

Event

Time of
Event (sec)

CASE (1)
1.4 ft2 DER
Offsite power available

Steamline ruptures on Loop 1
Low compensated steamline pressure setpoint reached

1.4

Both loops in service

High-high steam line flow coincidence with SI is
satisfied

1.4

Safety injection pumps start

3.4

Steamline isolation occurs in Loop 2

8.4

Feedwater isolation occurs in Loops 1 and 2

33.4

Safety injection pumps reach full flow

15.4

Peak return to power and minimum DNBR occur

54.2

0

CASE (2)
Steamline ruptures on Loop 1
1.4 ft2 DER
Low compensated steamline pressure setpoint reached
No offsite power available
Both loops in service

0
1.4

High-high steam line flow coincidence with SI is
satisfied

1.4

Steamline isolation occurs in Loop 2

8.3

Feedwater isolation occurs in Loops 1 and 2

33.3

Safety injection pumps start

14.2

Safety injection pumps reach full flow

26.2

Reactor coolant pumps begin coasting down

3

Peak return to power and minimum DNBR occur

60.5

CASE (3 )
1.4 ft2 DER
Offsite power available

Steamline ruptures on Loop 1
Low compensated steamline pressure setpoint reached

1.4

One loop in service

High-high steam line flow coincidence with SI is
satisfied

1.4

Safety injection pumps start

3.4

Steamline isolation occurs in Loop 2

8.4

Feedwater isolation occurs in Loops 1 and 2

33.4

Safety injection pumps reach full flow

15.4

Peak return to power and minimum DNBR occur

68.2
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Table 15.1-7
SUMMARY OF MAIN FEEDWATER REGULATING VALVES (MFRV)/STEAM
GENERATOR ATMOSPHERIC RELIEF VALVE (ARV) COMBINATION FAILURE
CASES EVALUATED
Case

Affected Valve(s)

Power Level

Rod Controla

5-A

Loop A Atmospheric Relief Valve (ARV) and loop A
Main Feedwater Regulating Valve (MFRV)

HFPb

Manual

5-B

Loop A Atmospheric Relief Valve (ARV) and loop A
Main Feedwater Regulating Valve (MFRV)

HFP

Auto

5-C

Both Atmospheric Relief Valves (ARV) and both
Main Feedwater Regulating Valves (MFRV)

HFP

Manual

5-D

Both Atmospheric Relief Valves (ARV) and both
Main Feedwater Regulating Valves (MFRV)

HFP

Auto

5-E

Loop A Atmospheric Relief Valve (ARV) and loop A
Main Feedwater Regulating Valve (MFRV)

HZPc

Manual

5-F

Both Atmospheric Relief Valves (ARV) and both
Main Feedwater Regulating Valves (MFRV)

HZP

Manual

a.

This event has been evaluated relative to the deletion of the automatic rod withdrawal feature in the rod
control system. The evaluation determined that the results presented herein are conservative and remain
valid.

b.

Hot full power

c.

Hot zero power
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Table 15.1-8
MSLB DOSE ANALYSIS ASSUMPTIONS
Parameter

Value

Reactor power, Mwt (including 2%
uncertainty)

1550

Initial reactor coolant activity, pre-accident
iodine spike
iodine Ci/gm of D.E 1-131
noble gas fuel defect level, %

60
1.0

Accident-initiated iodine spike factor

500

Duration of accident-initiated iodine spike,
hours
Initial secondary coolant iodine activity
Ci/gm of D.E 1-131
Concentration, Ci
1-131
I-132
I-133
I-134
I-135

8
0.1
4.57 E+0
2.64 E-2
1.12 E+0
9.04 E-4
1.03 E-1

Primary-to-secondary leakage (post accident)
to SGs
gpm per SG (cold conditions)
Duration of leakage, hours

1
8

Mass of primary coolant, gm

1.247 E+8

Initial mass of secondary coolant, gm
faulted SG
intact SG

5.817 E+7
5.817 E+7

Steam Releases
faulted SG
0-610 sec
610 sec - 8 hr

128,237 lb
0 lb

intact SG
0-610 sec
610 sec-8 hr

37,780 lb
755,097 lb

Steam generator iodine partition coefficients
(mass-based)
Activity release from faulted SG
elemental
organic
Activity release from intact SG
elemental
organic
Noble gas, all SG
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Parameter

Value

Iodine fractions assumed in the reactor coolant
and SG water
elemental iodine
organic iodide

0.97
0.0

Atmospheric dispersion X/Q sec/m3
EAB 0-2 hr
LPZ o-8 hr
8-24
24-96
96-720

2.17E-4
2.51E-5
1.78E-5
8.50E-6
2.93E-6

Breathing rate m3/sec
EAB & LPZ
0-8 hr
8-24
24-720

3.47E-4
1.75E-4
2.32E-4
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Table 15.1-9
RESULTS FOR MAIN STEAM LINE BREAK, REM TEDE

Accident Initiated Iodine Spike
Acceptance Criteria
Pre-Accident Iodine Spike
Acceptance Criteria

EAB MAX - 2 HR

LPZ, 8 hr

4.5E-1

1.2E-1

2.5

2.5

7.1E-2

2.8E-2

25

25
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Table 15.1-10
TIME SEQUENCE OF EVENTS FOR THE COMBINED FAILURE OF TWO MFRV's
AND TWO ARV's AT HOT FULL POWER
Event

Time (sec)

Two MFRVs fail full open
Two ARV's fail full open

0

OPT setpoint reached

45.5

Rod motion begins

47.5

Minimum DNBR occurs

47.7

Low pressurizer pressure SI setpoint reached

98.4

Loops 1 and 2 MFRV closure on low
pressurizer pressure SI

130.4
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15.2
15.2.1

DECREASE IN HEAT REMOVAL BY THE SECONDARY
SYSTEM
STEAM PRESSURE REGULATOR MALFUNCTION OR FAILURE THAT
RESULTS IN DECREASING STEAM FLOW

The effects of this event are bounded by the loss of external load event discussed in Section
15.2.2.
15.2.2
15.2.2.1

LOSS OF EXTERNAL ELECTRICAL LOAD
Description of Event

The plant is designed to accept a 50% loss of electrical load while operating at full power or a
complete loss of load while operating below 50% power without actuating a reactor trip. A
50% loss of electrical load is handled by the steam dump system (which accommodates 40%
of the load rejection by dumping steam directly to the condenser), the rod control system
(which accommodates 10% of the load rejection by driving in to reduce coolant average
temperature), and the pressurizer (which absorbs the change in coolant volume due to the
heat addition resulting from the load rejection). Should the reactor suffer a complete loss of
load from full power, the reactor trip system (RTS) would automatically actuate a reactor
trip.
The most likely source of a complete loss of load on the nuclear steam supply system is a trip
of the turbine generator. In this case, there is a direct reactor trip signal derived from either
the turbine auto-stop oil pressure or a closure of the turbine stop valves, provided the reactor
is operating above 50% power. Reactor temperature and pressure do not increase
significantly if the steam dump system and pressurizer pressure control system are
functioning properly. However, the reactor coolant system (RCS) and main steam system
(MSS) pressure-relieving capacities are designed to ensure the safety of the plant without
requiring the use of automatic rod control, pressurizer pressure control, and/or steam dump
control systems. In this analysis, the behavior of the plant is evaluated for a complete loss of
steam load from full power without direct reactor trip in order to demonstrate the adequacy
of the pressure-relieving devices and core protection margins.
15.2.2.2

Frequency of Event

A complete, 100% loss of external electrical load is classified as an ANS Condition II event
of moderate frequency. Section 15.0.8 discusses Condition II events.
15.2.2.3

Event Analysis

The loss of electrical load is analyzed as a complete loss of steam load. A complete loss of
steam load can be more severe since a loss of electrical load can occur gradually subject to
grid conditions. The event is analyzed with three cases which bound expected operating
conditions over the entire fuel cycle:
Case 1 - Beginning of life minimum reactivity feedback with automatic pressurizer pressure
control (DNBR Case).
Case 2 - Beginning of life minimum reactivity feedback without automatic pressurizer pressure
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control (peak RCS pressure case).
Case 3 - Beginning of life minimum reactivity feedback, 0% steam generator tube plugging,
and zero SG tube fouling (peak MSS pressure case).
Case 1, in which automatic pressure control is modeled, minimizes the reactor coolant
system pressure, which results in a more limiting departure from nucleate boiling ratio
(DNBR). Case 2, in which automatic pressure control is not modeled, results in a
more limiting primary side maximum pressure. Case 3 models 0% steam generator
(SG) tube plugging, zero SG tube fouling, and automatic pressure control (which
delays reactor trip) to exacerbate the secondary side pressure transient.
The cases with automatic pressure control minimize the reactor coolant system pressures
which result in more limiting departure from nucleate boiling ratios (DNBRs). The cases
without automatic pressure control result in more limiting primary and secondary maximum
pressures.
15.2.2.3.1

Protective Features

The following protective features are available for this event:
A. Reactor trip is actuated if any two-out-of-four delta T channels exceed an over-temperature
delta T setpoint. This setpoint is automatically varied with axial power imbalance, coolant
temperature, and pressurizer pressure to protect against DNB.
B. Reactor trip is actuated on pressurizer high pressure signal if any two-of-three instrument
channels exceed a fixed setpoint.
C. Reactor trip is actuated by an overpower T signal if any two-of-four T channels exceed a
variable setpoint during the transient. The setpoint is automatically varied with reactor
coolant temperature conditions.
D. Main steam safety valves may open to provide an additional heat sink and protection
against secondary side overpressure.
E. Pressurizer safety valves may open to provide protection against overpressurization of the
reactor coolant system.
All of the reactor trips identified above are credited in the analysis.
15.2.2.3.2

Single Failures Assumed

The limiting single failure is failure of one train of the reactor trip system (RTS). The
remaining train trips the reactor. The main steam safety valves (MSSVs) and pressurizer
safety valves are considered passive components and are assumed not to fail to open on
demand.
15.2.2.3.3

Operator Actions Assumed

No operator actions are assumed in the analysis of this event.
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15.2.2.3.4

Chronological Description of Event

The event is analyzed as a complete loss of steam load from 100% power without a direct
reactor trip. The analyses are terminated shortly after the reactor trip and pressures reach
maximum values. Table 15.2-1 gives the time sequence for the three cases analyzed.
15.2.2.3.5

Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel
cladding failures are expected, and the cladding maintains its integrity as a fission product
barrier.
The peak reactor coolant pressure remains less than 110% of the design pressure as allowed
by the ASME Boiler and Pressure Vessel Code, Section III. The reactor coolant system
pressure boundary maintains its integrity as a fission product barrier.
15.2.2.4

Reactor Core and Plant System Evaluation

The initial parameters and conditions differ depending on whether DNBR or reactor coolant
system/main steam system peak pressure cases are analyzed. For both types of cases, the
reactor is tripped by the first reactor trip system setpoint reached, with no credit taken for the
direct reactor trip on turbine trip. Reactor trip setpoints used in safety analyses are shown in
Table 15.0-6.
15.2.2.4.1

Input Parameters and Initial Conditions

A. For the DNBR case>, the initial reactor power, flow, pressure and temperature are assumed
at their nominal values. The reactor coolant average temperature is at the maximum
nominal TAVG (576.0F). These assumptions are consistent with the Revised Thermal
Design Procedure.
For the peak RCS and MSS pressure cases, the initial condition assumptions include
additional allowances for uncertainties. Table 15.0-9 summarizes the initial conditions used
in the DNBR and the pressure evaluations.
B. DNBR case and peak MSS pressure case, full credit is taken for the effect of pressurizer
spray and pressurizer power operated relief valves (PORVs) in reducing or limiting RCS
pressure.
For the peak RCS pressure case, no credit is taken for the effect of pressurizer spray or
pressurizer power operated relief valves (PORVs) in reducing or limiting the reactor
coolant pressure. Pressurizer safety valves are assumed operable.
C. Beginning of life minimum reactivity feedback conditions are modeled, which is
conservative for transients resulting in a primary side heatup. Conditions are modeled which
is conservative for transients resulting in a primary side heatup.
D. The reactor is assumed to be in manual control. In automatic control, the rod banks would
move prior to reactor trip and reduce the severity of the transient.
E. No credit is taken for the operation of the steam dump system or atmospheric relief valves
(ARVs). The steam generator pressure rises to the main steam safety valve (MSSV)
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setpoint where the steam release through the main steam safety valves (MSSVs) limits the
secondary steam pressure. By maximizing the secondary side pressure and saturation
temperature, more limiting reactor coolant temperatures and pressures are obtained.
F. Main feedwater flow to the steam generators is assumed to be lost at the time of the loss of
steam load. This condition causes a reduction in heat transfer from the primary to secondary
side, thereby maximizing the pressures and temperatures in the reactor coolant system.
Likewise, no credit is taken for auxiliary feedwater (AFW) flow in this short-term analysis
since the assumption leads to similar reductions in heat transfer and more limiting primary
side conditions.
G. A uniform steam generator plugging level of 10% is assumed for the DNBR and peak RCS
pressure cases to exacerbate the primary side heatup. Zero plugging is modeled for the
peak MSS pressure case to exacerbate the MSS pressure transient.
H. For the peak RCS pressure case, the pressurizer safety valve opening pressure of 2587 psia
includes a positive 2.3% tolerance and a 1% setpoint drift due to the loop seal. A 0.8
second time delay in opening after reaching the setpoint accounts for the time required to
purge the water from the loop seal. These conditions delay the onset of primary side
pressure relief, which conservatively maximizes the peak primary system pressure.
For the DNBR and peak MSS pressure cases, the pressurizer safety valve opening setpoint
is set to -3% tolerance and no setpoint shift or loop seal purge delay time is assumed. This
minimizes the primary side pressure transient, which is conservative with respect to the
calculated minimum DNBR (DNBR case) and peak MSS pressure case. This is
conservative for the peak MSS pressure case because it prevents the high pressurizer
pressure reactor trip setpoint from being reached, thus delaying reactor trip until the overtemperature T setpoint is reached.
I.

The MSSV model for all cases includes an allowance of +1.4% for safety valve setpoint
tolerance and an accumulation model that assumes the safety valves are wide open once the
pressure exceeds the setpoint (plus tolerance) by 5 psi.

J.

Modeling the OTT and OPT reactor trip included a time constant of 2.0 sec for the RTDs
and a filter with a lag of 3.5 sec on the hot-leg temperature measurement. In addition, after
the over-temperature or overpower setpoint is reached, a delay of 1.5 sec is assumed to
account for electronic delays, reactor trip breakers opening, and RCCA gripper release.

15.2.2.4.2

Method of Analysis

Loss of load transients are analyzed using RETRAN (Reference 2). The program simulates
the neutron kinetics, reactor coolant system, pressurizer, pressurizer power operated relief
valves (PORV), pressurizer safety valves, pressurizer spray, steam generator, and main steam
safety valves (MSSVs). Section 15.0.7 provides an additional description of RETRAN and
its capabilities.
The DNBR case is analyzed with the Revised Thermal Design Procedure (RTDP) described
in Reference 1. Uncertainties in initial conditions are included in the DNBR limit using this
procedure. The peak RCS and MSS pressure cases do not use the Revised Thermal Design
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Procedure (RTDP). These cases are analyzed with uncertainties applied in conservative
directions to the initial conditions.
The event is analyzed as a complete loss of turbine steam load without a direct reactor trip by
the turbine trip signal. This additional delay in reactor trip is conservative and bounds the
analyses of other events in Section 15.2.
15.2.2.4.3

Acceptance Criteria

Applicable acceptance criteria for this Condition II event are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
The primary acceptance criteria used in these analyses are that the minimum DNBR remains
greater than the safety analysis DNBR limit defined in Section 4.4 and that the primary and
secondary side pressures are maintained below the acceptance limit. In addition, the
pressurizer should not become water solid due to a coolant insurge following the loss of load.
Water discharge from the pressurizer could exceed the capacity of the pressurizer relief tank
and cause the rupture disk to fail. The resulting loss of coolant and spill can cause a more
serious plant condition than the initiating Condition II event.
15.2.2.4.4

Results

The transient responses for a total loss of load from full power operation are shown for three
cases: a DNBR case, peak RCS pressure case, and peak MSS pressure case as illustrated in
Figures 15.2-1 through 15.2-9.
Figures 15.2-1 through 15.2-3 show the transient responses for the total loss-of-steam load,
assuming full credit for the pressurizer spray and pressurizer power operated relief valves
(PORVs) (Case 1). No credit is taken for the steam dump. The reactor is tripped by the overtemperature delta T signal. The minimum DNBR is well above the safety analysis limit. The
pressurizer does not become water solid.
The total loss-of-load accident was also studied with no credit taken for the pressurizer spray,
pressurizer power operated relief valves (PORVs), or steam dump (Case 2). The reactor is
tripped on the pressurizer high-pressure signal. Figures 15.2-4 through 15.2-6 show the
response to the loss of load transient for peak RCS pressure concerns. The nuclear power
increases slightly until the reactor is tripped and the pressurizer safety valves are actuated.
The peak RCS pressure does not exceed 110% of the design pressure.
Figures 15.2-7 through 15.2-9 illustrate the transient response for the peak MSS pressure
case. This case is analyzed with 0% steam generator tube plugging and zero SG tube fouling,
along with automatic primary side pressure control, to exacerbate the MSS pressure transient.
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Since automatic pressure control limits the primary side pressure increase, the high
pressurizer pressure trip setpoint is not reached. Rather, the reactor is tripped by the overtemperature
T signal. The peak MSS pressure remains below 110% of the design pressure.
The calculated sequence of events for these three cases is shown in Table 15.2-1.
15.2.2.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event. Releases from the pressurizer power operated relief valves (PORVs) and
pressurizer safety valves are to the pressurizer relief tank inside containment. Since this does
not result in an uncontrolled release to the environment, normal plant operations can be used
for the clean up or discharge of radioactive contaminants under controlled conditions.
Secondary coolant steam activities discharged from the main steam safety valves to unrestricted
areas are expected to be minor and the doses are a small fraction of 10 CFR 50.67 guidelines.
15.2.2.6

Conclusions

Results of the analyses show that the plant design is such that a total loss of external electrical
load without a direct or immediate reactor trip presents no hazard to the integrity of the reactor
coolant system or the main steam system. The pressure-relieving devices of the two systems
are adequate to limit the maximum pressures within the design limits.
The integrity of the core is maintained by operation of the reactor trip system (RTS); i.e., the
DNBR is maintained above the safety analysis limit.
15.2.2.7

Supplemental Evaluations

The analysis presented in Section 15.2.2 assumed a hot-leg RTD time constant of 2 sec and a
THot filter lag time constant of 3.5 sec. The control system evaluation done to support Section
7.7.2 assumed a hot-leg RTD time constant of 1.0 sec and a THot filter lag time constant of 4.5
sec. An evaluation was done (Reference 7) that showed the time response of the 1.0/4.5 sec
combination was faster than the 2.0/3.5 sec combination. Therefore, the 1.0 sec RTD and 4.5
sec THot filter combination is acceptable.
15.2.3

TURBINE TRIP

The analysis of the consequences of an instantaneous turbine trip by closure of the turbine
stop valves is bounded by the analyses performed for the loss of external electrical load event
in Section 15.2.2.
15.2.4

LOSS OF CONDENSER VACUUM

Loss of condenser vacuum can occur from failure of the circulating water system or excessive
air leakage through turbine gland packing. In the event of loss of condenser vacuum, the
turbine will be tripped and, therefore, the event is bounded by the turbine trip event. See
Sections 15.2.2 and 15.2.3.
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15.2.5
15.2.5.1

LOSS OF ALL ALTERNATING CURRENT POWER TO THE STATION
AUXILIARIES
Description of Event

A complete loss of all ac power to the station auxiliaries will result in a loss of all power to
the reactor coolant pumps, main feedwater pumps, condensate pumps, etc. The loss of power
may be caused by a complete loss of the offsite grid accompanied by a turbine generator trip
at the station, or by a loss of the onsite ac distribution system. Onsite and offsite power
systems are described in Section 8.1.1.
This transient is more severe than the loss of external load or turbine trip event because the
decrease in heat removal by the secondary system is accompanied by a flow coastdown,
which further reduces the capacity of the primary coolant to remove heat from the core.
Following a loss of ac power to the station auxiliaries with turbine and reactor trips, the
sequence described below will occur:
1. Plant vital instruments are supplied from emergency dc power sources.
2. As the steam system pressure rises following the trip, the atmospheric relief valves (ARVs)
may be automatically opened to the atmosphere. The condenser is assumed unavailable for
steam dump. If the relief capacity of the atmospheric relief valves (ARVs) is inadequate,
the main steam safety valves (MSSVs) may lift to dissipate the sensible heat of the fuel and
coolant plus the residual decay heat produced in the reactor.
3. As the no load temperature is approached, the atmospheric relief valves (ARVs) (or main
steam safety valves (MSSVs), if the atmospheric relief valves (ARVs) are unavailable) are
used to dissipate the residual decay heat and to maintain the plant at the MODE 3 (Hot
Shutdown) condition.
4. If offsite power is also lost, the emergency diesel generators start on loss of voltage to the
engineered safety features buses and begin to supply safeguards loads.
The preferred auxiliary feedwater (AFW) pumps are automatically started as discussed in
Section 15.2.5.3.1. Power is supplied to the motor driven auxiliary feedwater (MDAFW)
pumps by the engineered safety features buses. The turbine driven auxiliary feedwater
(TDAFW) pump utilizes steam from the secondary system and exhausts to the atmosphere.
The preferred auxiliary feedwater (AFW) pumps take suction directly from the condensate
storage tank for delivery to the steam generators.
Following the loss of power and coastdown of the reactor coolant pumps, natural circulation
in the reactor coolant system will remove decay heat from the core, aided by auxiliary
feedwater in the secondary system. Failure to remove heat could result in the rise of reactor
coolant temperatures and pressures that could result in a departure from nucleate boiling
(DNB), filling of the pressurizer, or a challenge to the reactor coolant system pressure
boundary.
15.2.5.2

Frequency of Event

The loss of power to the station auxiliaries is classified as an ANS Condition II event of
moderate frequency. Section 15.0.8 discusses Condition II events.
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15.2.5.3

Event Analysis

The event assumes an initial 20-second period of steady-state power operation. (The 20second period is chosen to ensure that the model has converged to a steady-state condition.)
At 20 seconds, a loss of normal feedwater occurs. The loss of feedwater causes the steam
generator water level to decrease and the reactor coolant system to heat up. The reactor is
finally tripped on a low-low steam generator level signal. The control rods start to drop
followed two seconds later by the loss of power to the station auxiliary buses and the
coastdown of the reactor coolant pumps. The loss of offsite power is assumed to be with
respect to buses 12A and 12B since buses 11A and 11B will attempt to fast bus transfer to
these buses following the turbine generator trip. This effectively results in the total loss of ac
power to the plant.
An actual loss of power to the station auxiliaries would cause a loss of all feedwater, a loss of
reactor coolant flow (flow coastdown), the control rods to drop into the core, and a reactor
trip from any of the reactor coolant system flow trips. The analyzed event is conservative
since it does not assume these conditions occur simultaneously. Instead, it requires that the
reactor power be maintained until the reactor trip system trips the reactor on a steam
generator low-low level signal. The additional time at power reduces the available secondary
side heat sink capability through depletion of steam generator inventory and increases the
amount of stored energy in the reactor coolant system prior to the loss of forced coolant
flow.
15.2.5.3.1

Protective Features

The following design features provide protection for this event:
1. The reactor may be tripped on one or more of the following reactor trip signals:
a.

Pressurizer high pressure trip signal if any two-of-three pressure channels exceed a
fixed setpoint.

b.

Pressurizer high water level trip signal if any two-of-three level channels exceed a
fixed setpoint.

c.

Over-temperature delta T trip signal if any two-out-of-four delta T channels exceed
an over-temperature delta T setpoint. This setpoint is automatically varied with
axial power imbalance, coolant temperature, and pressurizer pressure to protect
against DNB.

d.

Low-low steam generator water level trip signal if any two-out-of-three level channels
in either steam generator is below a fixed setpoint

2. Two motor driven auxiliary feedwater (MDAFW) pumps are started on:
a.

Low-low water level in two-out-of-three level channels in any steam generator

b.

Trip of both main feedwater pumps (i.e., opening of both main feedwater pump
breakers)

c.

Safety injection

d.

Manual actuation

3. One turbine driven auxiliary feedwater (TDAFW) pump is started on any of the following:
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a.

Low-low water level in two-out-of-three channels in both steam generators

b.

Loss of 4 kV voltage on both buses 11A and 11B

c.

Manual actuation

4. The main steam safety valves (MSSVs) open to provide an additional heat sink and
protection against secondary side overpressure.
5. The pressurizer safety valves may open to provide protection against overpressure of the
reactor coolant system.
Low-low steam generator water level is the only automatic reactor trip credited in this
analysis.
15.2.5.3.2

Single Failures Assumed

The worst-case failure assumed in the analysis is the failure to start of the turbine driven
auxiliary feedwater (TDAFW) pump since it has the greatest flow capacity.
No single failure in the reactor trip system (RTS) or the engineered safety features actuation
system (ESFAS) prevents a reactor trip or the startup of the auxiliary feedwater (AFW) system,
respectively. The main steam safety valves and pressurizer safety valves are considered
passive components and are assumed not to fail to open on demand.
15.2.5.3.3

Operator Actions Assumed

No explicit operator actions are assumed in the analysis of this event. However, operator
actions are required to control the secondary side water inventories in both steam generators
(see Section 15.2.5.7).
15.2.5.3.4

Chronological Description of Event

The analyzed event starts with a loss of feedwater as described in Section 15.2.5.3. The
reactor is eventually tripped by the reactor trip system on a low-low steam generator level.
The rod cluster control assemblies start to drop, and two seconds later after a loss of power
to the station auxiliary buses, reactor coolant flow coastdown begins. The time sequence
including initiation of pressure relief and auxiliary feedwater functions is shown in Table
15.2-2.
15.2.5.3.5

Impact on Fission Product Barriers

No fuel cladding failures are anticipated. The peak reactor coolant system pressure remains
less than 110% of the design pressure as allowed by the ASME Boiler and Pressure Vessel
Code, Section III. The cladding and reactor coolant system pressure boundary maintain their
integrity as fission product barriers.
No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the discharged activity in the steam relief is contained ensuring control
of radioactive materials.
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15.2.5.4
15.2.5.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. The plant was initially operating at a NSSS power of 1817 MWt. Since power to the RCPs
was lost, a nominal RCP heat of 6.0 MWt and core power of 1811 MWt were assumed.
Assuming a nominal RCP heat was conservative since the RCPs coasted down and ceased
to add heat to the primary coolant, while the core decay heat was based on a slightly higher
initial core power.
B. The most limiting loss-of-non-emergency AC power case with respect to overfill for EPU
was with a conservative temperature uncertainty subtracted from the high nominal
(window) 572.0F Tavg (i.e., 576-4F), conservative pressure uncertainty added to the
nominal value 2310 psia (i.e., 2250 psia + 60 psi), while modeling low (390F) main
feedwater temperature conditions.
C. A zero moderator temperature coefficient (+0 pcm/F) at full power conditions is assumed.
Maximum doppler-only coefficients and minimum trip reactivity are assumed. These
assumptions are used to maximize the energy input to the reactor coolant.
D. Core residual heat generation is based on ANSI/ANS-5.1-1979 (Reference 3) which gives
conservative decay energy release rates.
E. As part of the initiating event, main feedwater flow to both steam generators is stopped
during operation at full power (see Section 15.2.5.3). The anticipatory start of the motor
driven auxiliary feedwater (MDAFW) pumps on opening of both main feed pump
breakers is not assumed.
F. The shell side water inventory in both steam generators is assumed to be high. The
inventory is based on steam generator normal full power level plus level uncertainties. A
high, initial inventory delays the onset of reactor trip and increases the pre-trip heatup of the
reactor coolant.
G. Reactor trip occurs following the receipt of a low-low steam generator water level signal
conservatively assumed as 0% of the narrow range span in any steam generator.
H. Loss of power occurs two seconds after the reactor trip. The reactor coolant pumps are
assumed to start their coastdown after the loss of power.
I.

The preferred auxiliary feedwater (AFW) pumps start when the water level in the steam
generators drops to the low-low steam generator water level setpoint with an additional
delay of 60 seconds. Afterwards, a conservatively low auxiliary feedwater flow rate of 170
gpm per steam generator is assumed.

J.

The pressurizer power operated relief valves (PORV) and spray are assumed to operate
normally. Normal pressure control increases the severity of the transient by maximizing
pressurizer insurge and minimizing reactor coolant system subcooling margin. Pressurizer
safety valves are available if pressure control fails.

K. Secondary system steam relief is achieved through the main steam safety valves (MSSV).
No credit is taken for the atmospheric relief valves.
L. A minimum (0%) and a maximum uniform steam generator plugging level of 10% are both
considered in establishing the most limiting conditions.
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The initial conditions used in this analysis are intended to minimize the energy removal
capability of the reactor coolant and main steam systems and maximize the possibility of
water relief from the reactor coolant system.
15.2.5.4.2

Method of Analysis

The RETRAN Code (Reference 2) is used to analyze the plant response to this transient. The
program computes pertinent variables including the steam generator pressure and mass,
pressurizer water volume and pressure, reactor coolant pump flow, and hot and cold leg
temperatures. Section 15.0.7 provides an additional description of RETRAN and its
capabilities.
The DNB is not analyzed since the result is bounded by the complete loss of forced reactor
coolant system (RCS) flow event in Section 15.3.1. The reactor coolant pump coastdown in
the analysis here does not occur until after reactor trip, which is less limiting than the
complete loss of flow event. As such, the Revised Thermal Design Procedure is not used, and
the uncertainties associated with the initial conditions are applied in conservative directions
(see Section 15.0.1).
The RCS flow coastdown was based on a momentum balance around each reactor coolant
loop and across the core. This momentum balance was combined with the continuity
equation, a pump momentum balance, the as-built pump characteristics, and conservative
estimates of system pressure losses. The post-trip heat removal from the core relied upon
natural circulation flow in the RCS loop. The RETRAN code results showed that the natural
circulation and AFW flow available was sufficient to provide adequate core decay heat
removal following reactor trip and RCP coastdown.
The natural circulation capability of the unit was demonstrated during the natural circulation
test described in Section 14.6.1.5.6. In addition, the methods used for cooldown with natural
circulation at Ginna are adequate to prevent voiding in the reactor vessel head (Reference 4).
15.2.5.4.3

Acceptance Criteria

General acceptance criteria for this Condition II event are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
The specific acceptance criteria used for this analysis are:
A. The long-term heat removal capability must be achieved with auxiliary feedwater and
natural circulation.
B. The primary and secondary side pressures must be maintained less than acceptance limit.
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C. The pressurizer must not fill to the point that it becomes water solid. Water discharges from
the pressurizer could exceed the capacity of the pressurizer relief tank and cause a more
severe plant condition than the initiating Condition II event.
DNBR is not analyzed since the DNB results are bounded by the complete loss of flow event
in Section 15.3.1.
15.2.5.4.4

Results

The transient response of the reactor coolant system following a loss of ac power is shown in
Figures 15.2-13 through 15.2-16. The calculated sequence of events is shown in Table 15.22.
The first few seconds after the loss of power to the reactor coolant pumps closely resemble
the complete loss of flow incident (see Section 15.3.1), in which possible core damage due to
rapidly increasing core temperatures is prevented by the reactor trip. The results show that
the natural circulation flow in the reactor coolant loops is sufficient to provide adequate core
decay heat removal following reactor trip and reactor coolant pump coastdown.
One minute after reaching the low-low steam generator water level setpoint, the preferred
auxiliary feedwater (AFW) pumps automatically start and reduce the rate of water level
decrease. Steam generator level remains high enough with auxiliary feedwater flow to ensure
adequate heat transfer area is available to dissipate the core residual heat without water relief
from the pressurizer power operated relief valves (PORVs) or pressurizer safety valves. The
maximum pressurizer water volume is less than the accident limit value of 800.0 ft3. The
pressurizer power operated relief valves (PORVs) and the main steam safety valves (MSSVs)
prevent overpressurization in the primary and secondary systems, respectively.
The plant will eventually stabilize at hot standby after the heat removal capability of the
auxiliary feedwater system and the two steam generators exceeds the core's decay heat
addition to the reactor coolant system.
15.2.5.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event. Releases from the pressurizer power operated relief valves (PORVs) are to the
pressurizer relief tank inside containment. Since this does not result in an uncontrolled
release to the environment, normal plant operations can be used for the clean up or discharge
under controlled conditions. Secondary coolant steam activities discharged from the main
steam safety valves to unrestricted areas are expected to be minor and within a small fraction
of 10 CFR 100 guidelines.
15.2.5.6

Conclusions

Analysis of the natural circulation capability of the reactor coolant system demonstrates that
sufficient heat removal capability exists following reactor coolant pump coastdown to prevent
fuel or clad damage. Primary and secondary side maximum pressures are within design limits
ensuring the integrity of both systems. Overfill of the pressurizer does not occur.
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15.2.5.7

Supplemental Evaluations

The limiting loss-of-AC-power case presented in this section was redone modeling a reduced
(total) minimum AFW flow of 300 gpm split evenly to both steam generators. The accident
criteria was satisfied for this flow. Even though this analysis will support a total AFW flow of
300 gpm split evenly to both steam generators, the Feedline Break analysis can only support a
reduction to 195 gpm to the intact steam generator. Therefore, minimum AFW flow is 195
gpm to the intact steam generator. Basis: pp 5 of CN-TA-04-63, Rev. 1.
Reference 8 documented a concern that modeling PORV actuation during a Loss of all
Alternating Current transient may not be conservative. Reference 9 evaluated this transient
without PORV actuation and determined that the maximum pressurizer water volume would
increase by approximately 7ft3, but still remain below the accident limit value of 800 ft3.
15.2.6
15.2.6.1

LOSS OF NORMAL FEEDWATER FLOW
Description of Event

A loss of normal feedwater (from pipe breaks, pump failures, valve malfunctions, or a
complete loss of all ac power to the station auxiliaries) results in a reduction in the capability
of the secondary system to remove the heat generated in the reactor core. If an alternate
supply of feedwater were not supplied, core residual heat following reactor trip would heat
the primary system water to the point where water relief from the pressurizer would occur,
resulting in a substantial loss of water from the reactor coolant system. Since the plant is
tripped well before the steam generator heat transfer capability is reduced, the primary system
variables do not approach a condition that causes a DNBR limit violation.
The following occur after a loss of normal feedwater (assuming main feedwater pump
failures or valve malfunctions):
1. The atmospheric relief valves (ARVs) are automatically opened to the atmosphere as the
steam system pressure rises following the loss of feedwater. The condenser is assumed
unavailable for steam dump. If the relief capacity of the atmospheric relief valves (ARVs)
is inadequate, the main steam safety valves (MSSVs) may lift to dissipate the sensible heat
of the fuel and coolant plus the residual decay heat produced in the reactor.
2. As the no load temperature is approached, the atmospheric relief valves (ARVs) (or main
steam safety valves (MSSVs) if the atmospheric relief valves (ARVs) are unavailable), are
used to dissipate the residual decay heat and to maintain the plant at the MODE 3 (Hot
Shutdown) condition.
The reactor is tripped and the preferred auxiliary feedwater (AFW) pumps are automatically
started as discussed in Section 15.2.6.3.1. Power is supplied to the motor driven auxiliary
feedwater (MDAFW) pumps by the engineered safety features buses. The turbine driven
auxiliary feedwater (TDAFW) pump utilizes steam from the secondary system and exhausts
to the atmosphere.
The preferred auxiliary feedwater (AFW) pumps take suction directly from the condensate
storage tank (CST) for delivery to the steam generators. The ability to supply auxiliary
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feedwater (AFW) to the steam generators ensures the secondary system removes sufficient
decay heat to prevent excessive heat up of the reactor coolant system without
overpressurization or excessive discharge of reactor coolant.
15.2.6.2

Frequency of Event

The loss of normal feedwater flow is classified as an ANS Condition II event of moderate
frequency. Section 15.0.8 discusses Condition II events.
15.2.6.3

Event Analysis

This event assumes an initial, 20-second period of steady-state power operation. (The 20second period is chosen to ensure that the model has converged to a steady-state condition.)
At 20 seconds, a loss of normal feedwater occurs. The loss of feedwater causes the steam
generator water level to decrease and the reactor coolant system to heat up. The reactor is
finally tripped on a low-low steam generator level signal followed by initiation of auxiliary
feedwater (AFW) to both steam generators. Unlike the loss of ac power event analyzed in
Section 15.2.5, the reactor coolant pumps remain powered and continue to run.
15.2.6.3.1

Protective Features

The following design features provide protection for this event:
1. The reactor may be tripped on one or more of the following reactor trip system signals:
a.

Pressurizer high-pressure trip signal if any two-of-three pressure channels exceed a
fixed setpoint.

b.

Pressurizer high water level trip signal if any two-of-three level channels exceed a
fixed setpoint.

c.

Over-temperature delta T trip signal if any two-out-of-four delta T channels exceed
an over-temperature delta T setpoint. This setpoint is automatically varied with
axial power imbalance, coolant temperature, and pressurizer pressure to protect
against DNB.

d.

Low-low steam generator water level trip signal if any two-out-of-three level channels
in either steam generator is below a fixed setpoint.

2. Two motor driven auxiliary feedwater (MDAFW) pumps are started on:
a.

Low-low water level in two-out-of-three level channels in any steam generator

b.

Trip of both main feedwater pumps (i.e., opening of both main feedwater pump
breakers)

c.

Safety injection

d.

Manual actuation

3. One turbine driven auxiliary feedwater (TDAFW) pump is started on any of the following:
a.

Low-low water level in two-out-of-three channels in both steam generators

b.

Loss of 4 kV voltage on both buses 11A and 11B
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c.

Manual actuation

4. The main steam safety valves (MSSVs) may open to provide an additional heat sink and
protection against secondary side overpressure.
5. The pressurizer safety valves may open to provide protection against overpressure of the
reactor coolant system.
Low-low steam generator water level is the only automatic reactor trip credited in this
analysis.
15.2.6.3.2

Single Failures Assumed

The worst-case failure assumed in the analysis is the failure to start of the turbine driven
auxiliary feedwater (TDAFW) pump since it has the greatest flow capacity.
No single failure in the reactor trip system (RTS) or the engineered safety features actuation
system (ESFAS) will prevent trip of the reactor or startup of auxiliary feedwater (AFW)
pumps, respectively. The main steam safety valves (MSSVs) and pressurizer safety valves
are considered passive components and are assumed not to fail to open on demand.
15.2.6.3.3

Operator Actions Assumed

No explicit operator actions are assumed in the analysis of this event. However, operator
actions are required to control the secondary side water inventories in both steam generators
(see Section 15.2.6.7).
15.2.6.3.4

Chronological Description of Event

The analyzed event starts with a loss of feedwater as described in Section 15.2.6.3. The time
sequence including reactor trip and initiation of pressure relief and auxiliary feedwater
functions is shown in Table 15.2-4.
15.2.6.3.5

Impact on Fission Product Barriers

No fuel cladding failures are anticipated. The peak reactor coolant system pressure remains
less than 110% of the design pressure as allowed by the ASME Boiler and Pressure Vessel
Code, Section III. The cladding and reactor coolant system pressure boundary maintain their
integrity as fission product barriers.
No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the discharged activity in the steam relief is contained ensuring control
of radioactive materials.
15.2.6.4
15.2.6.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. The plant is initially operating at a NSSS power of 1817 MWt. A maximum RCP heat of
10.0 MWt was included in the analysis. The RCPs were assumed to continuously operate
throughout the transient providing a constant reactor coolant volumetric flow equal to the
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thermal design flow value. Although not assumed in the analysis, the RCPs could be
manually tripped at some later time in the transient to reduce the heat addition to the RCS
caused by the operation of the pumps.
B. Main feedwater temperature conditions at 390and 435F were analyzed.
C. The direction of conservatism for both initial reactor vessel average coolant temperature
and pressurizer pressure can vary. As such, cases were considered with the initial
temperature and pressure uncertainties applied in each direction. The initial average
temperature uncertainty was conservatively assumed to be 4.0F. The initial pressurizer
pressure uncertainty was conservatively assumed to be 60 psi. The most limiting LONF
case with respect to pressurizer filling was with the temperature uncertainty subtracted
from the low nominal (window) Tavg value (i.e., 564.6F-4F), pressure uncertainty added
to the nominal value (i.e., 2250 psia + 60 psi), while modeling high (435F) main
feedwater temperature conditions. Note that there are two peaks in the pressurizer water
level for a loss of normal feedwater event. The first peak is a function of the initial
conditions, and the second peak is an indication of the capability of the AFW system to
perform long-term heat removal. Thus, the magnitude of the second peak is used to
determine the limiting case.
D. A zero moderator temperature coefficient (+0 pcm/F) at full power conditions is assumed.
Maximum doppler-only coefficients and minimum trip reactivity are assumed. These
assumptions are used to maximize the energy input to the reactor coolant.
E. Core residual heat generation is based on ANSI/ANS-5.1-1979 (Reference 3) which gives
conservative decay energy release rates.
F. As part of the initiating event, main feedwater flow to both steam generators is stopped
during operation at full power (see Section 15.2.6.3).
G. The shell side water inventory in both steam generators is assumed to be high. The
inventory is based on steam generator normal full power level plus level uncertainties.
The initial high inventory delays the onset of reactor trip and increases the pre-trip heatup
of the reactor coolant.
H. Reactor trip occurs following the receipt of a low-low steam generator water level signal
conservatively assumed as 0% of the narrow range span in any steam generator.
I.

Preferred auxiliary feedwater (AFW) pumps start 60 seconds after the water level in the
steam generators drops to the low-low steam generator water level setpoint. Afterwards, a
conservatively low auxiliary feedwater flow rate of 170 gpm per steam generator is
assumed.

J.

The pressurizer power operated relief valves (PORVs) and spray are assumed to operate
normally. Normal pressure control increases the severity of the transient by maximizing
pressurizer insurge and minimizing the reactor coolant subcooling margin. Pressurizer
safety valves are available if pressure control fails.

K. The MSSVs were modeled assuming a 1.5% tolerance and an accumulation model that
assumes that the valves were wide open once the pressure exceeded the setpoint (plus
tolerance) by 5 psi (accumulation).
L. The reactor coolant pumps are not tripped and their volumetric flow remains at its normal
value during the transient.
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M. A minimum (0%) and a maximum uniform steam generator plugging level of 10% are both
considered in establishing the most limiting conditions.
The initial conditions used in this analysis are intended to minimize the energy removal
capability of the reactor coolant and main steam systems and maximize the possibility of
water relief from the reactor coolant system.
15.2.6.4.2

Method of Analysis

The DNB is not analyzed since the result is bounded by the loss of external load event in
Section 15.2.2. The loss of load event assumes a complete loss of steam load with turbine
trip prior to the reactor trip. In the loss of feedwater analysis here, the turbine trip does not
occur until after the reactor trip. The continued heat removal due to steam flow is beneficial
until rod motion begins. The Revised Thermal Design Procedure is not required, and the
uncertainties associated with the initial conditions are applied in conservative directions (see
Section 15.0.1).
The plant transient following a loss of normal feedwater is analyzed using RETRAN
(Reference 6). The program computes pertinent variables including the steam generator
pressure and mass, pressurizer water volume and pressure, reactor coolant pump flow, and
hot and cold leg temperatures. Section 15.0.7 provides an additional description of
RETRAN and its capabilities.
15.2.6.4.3

Acceptance Criteria

Applicable acceptance criteria for this Condition II event are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
The specific criteria used for this analysis are that the primary and secondary side pressures
must be maintained less than the acceptance limit and that the pressurizer must not fill to the
point that it becomes water solid. Water discharges from the pressurizer could exceed the
capacity of the pressurizer relief tank and cause a more severe plant condition than the
initiating Condition II event. The DNBR is not analyzed since the results are bounded by the
loss of load event.
15.2.6.4.4

Results

Figures 15.2-17 through 15.2-20 show the significant plant parameters following a loss of
normal feedwater. The calculated sequence of events for this transient is shown in Table
15.2-4.
Following the reactor and turbine trip from full load, the water level in the steam generators
will fall due to the reduction of steam generator void fraction and because the steam flow
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through the main steam safety valves (MSSVs) continues to dissipate the stored and
generated heat. One minute after reaching the low-low steam generator water level setpoint,
the preferred auxiliary feedwater (AFW) pumps are automatically started, reducing the rate
of water level decrease. The steam generator levels are maintained high enough to provide
sufficient heat transfer area for dissipation of core residual heat. Because heat removal
remains adequate, there is no water relief from the pressurizer power operated relief valves
(PORVs) or pressurizer safety valves.
As shown in Figures 15.2-17 through 15.2-20, the plant approaches a stabilized condition
following reactor trip and initiation of preferred auxiliary feedwater (AFW). Plant procedures
may be followed to further cool down the plant.
15.2.6.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the event. Steam releases from the pressurizer power operated relief valves (PORVs) are
to the pressurizer relief tank inside containment. Since this does not result in an uncontrolled
release to the environment, normal plant operations can be used for the clean up or discharge
under controlled conditions. Secondary coolant steam activities discharged from the main
steam safety valves (MSSVs) to unrestricted areas are expected to be minor and within a
small fraction of 10 CFR 50.67.
15.2.6.6

Conclusions

Results of the analysis show that a loss of normal feedwater does not adversely affect the
core, the reactor coolant system, or the steam system. The preferred auxiliary feedwater
(AFW) system capacity is sufficient to ensure the dissipation of core decay heat without
reactor coolant relief from the pressurizer power operated relief valves (PORVs) or
pressurizer safety valves.
15.2.6.7

Supplemental Evaluations

The limiting Loss of Normal Feedwater Flow case presented in this section was redone
modeling a reduced (total) minimum AFW flow of 300 gpm split evenly to both steam
generators. The accident criteria were satisfied for this flow. Even though this analysis will
support a total AFW flow of 300 gpm split evenly to both steam generators, the Feedline
Break analysis can only support a reduction to 195 gpm to the intact steam generator.
Therefore, minimum AFW flow is 195 gpm to the intact steam generator. Basis: pp 5 of
CN-TA-04-63, Rev. 1.
Reference 8 documented a concern that modeling PORV actuation during a Loss of all
Alternating Current transient may not be conservative. Reference 9 evaluated this transient
without PORV actuation and determined that the maximum pressurizer water volume would
increase by approximately 7ft3, but still remain below the accident limit value of 800 ft3.
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15.2.7

FEEDWATER SYSTEM PIPE BREAKS

15.2.7.1

Description of Event

A feedwater line rupture during plant operation could result in a disruption of secondary
system energy removal capability. A major feedwater line break is defined as a break large
enough to prevent the addition of sufficient feedwater to maintain shell side fluid inventories
in the steam generators. The break results in the loss of all main feedwater flow to the steam
generators and, depending on location (for example, downstream of the feedwater line check
valve), the blowdown of a steam generator through the feedwater inlet nozzle. Thus, the
event can cause either a cooldown or heatup of the reactor coolant system.
Auxiliary feedwater (AFW) is provided to ensure continued heat removal from the core. If
adequate heat removal is not provided, the core decay heat could raise the reactor coolant
temperatures high enough to cause fuel damage and compromise the maintenance of a
coolable core geometry. Depending on the break location, a feedwater line break at full
power could also increase the pressure in the reactor coolant and main steam systems,
challenging the pressure boundary integrity of both systems.
The potential cooldown of the reactor coolant system from a secondary system pipe break is
bounded by the analysis of the steam line break event in Section 15.1.5. Therefore, the
analysis of feedwater line breaks performed here is based on initial conditions and
assumptions that result in the most severe heatup of the reactor coolant system.
15.2.7.2

Frequency of Event

A major feedwater line break is unlikely to occur over the life of the plant. The event is
postulated since the potential consequences can be severe. Thus, this event is classified as an
ANS Condition IV, limiting event. Condition IV events are described in Section 15.0.8.
15.2.7.3

Event Analysis

The analysis is performed for a double-ended rupture of the feedline between the feedwater
check valve and steam generator. A break in this location results in discharge of fluid from
the faulted steam generator and can preclude the addition of auxiliary feedwater (AFW) to the
faulted steam generator. The effect on the reactor coolant system of a break upstream of the
feedwater check valve is similar to a loss of normal feedwater (a Condition II event).
Cases with and without offsite power available are analyzed. The analysis considers a
double-ended rupture of the feedwater pipe of 1.418 ft2 area. For breaks below this size, the
main feedwater flow degrades less rapidly, which can cause a less severe increase in the
reactor coolant temperature prior to reactor trip. For very small breaks, the main feedwater
system is capable of making up the inventory lost through the break and preserves the heat
removal capability of the steam generators.
15.2.7.3.1

Protective Features

The following design features provide protection for the feedwater line break:
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1. The reactor may be tripped on one or more of the following signals:
a.

Pressurizer high pressure trip signal if any two-of-three pressure channels exceed a
fixed setpoint.

b.

Pressurizer high water level trip signal if any two-of-three level channels exceed a
fixed setpoint.

c.

Over-temperature delta T trip signal if any two-out-of-four delta T channels exceed an
over-temperature delta T setpoint. This setpoint is automatically varied with axial
power imbalance, coolant temperature, and pressurizer pressure to protect against
DNB.

d.

Low-low steam generator water level trip signal if any two-out-of-three level channels
in either steam generator is below a fixed setpoint.

2. Two motor driven auxiliary feedwater (MDAFW) pumps are started on:
a.

Low-low water level in two-out-of-three level channels in any steam generator

b.

Trip of both main feedwater pumps (i.e., opening of both main feedwater pump
breakers)

c.

Safety injection

d.

Manual actuation

3. One turbine driven auxiliary feedwater (TDAFW) pump is started on any of the following:
a.

Low-low water level in two-out-of-three channels in both steam generators

b.

Loss of 4 kV voltage on both buses 11A and 11B

c.

Manual actuation

4. The main steam safety valves (MSSVs) open to provide an additional heat sink and
protection against secondary side overpressure.
5. The pressurizer safety valves open to provide protection against overpressurization of the
reactor coolant system.
Low-low steam generator water level is the only automatic reactor trip credited in this
analysis.
15.2.7.3.2

Single Failures Assumed

Auxiliary feedwater (AFW) is the only engineered safety feature system assumed to function
in this analysis. The flow from the motor driven auxiliary feedwater (MDAFW) pump
aligned to the faulted steam generator and the flow from the turbine driven auxiliary
feedwater (TDAFW) pump are assumed to be directed out the feedline break. Therefore, the
worst-case failure is the failure of the motor driven auxiliary feedwater pump aligned to the
intact steam generator. The analysis allows for the realignment of this system or the startup
of the standby auxiliary feedwater (SAFW) system to provide flow to the intact steam
generator.
No single failure in the reactor trip system (RTS) or engineered safety features actuation system
(ESFAS) will prevent trip of the reactor or startup of auxiliary feedwater (AFW) pumps,
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respectively. The main steam safety valves (MSSVs) and pressurizer safety valves are
considered passive components and are assumed not to fail to open on demand.
15.2.7.3.3

Operator Actions Assumed

For the assumed failure of a motor driven auxiliary feedwater (MDAFW) pump to provide
auxiliary feedwater to the intact steam generator, the operator is required to realign the system
or to put the standby auxiliary feedwater (SAFW) system into operation and trip the reactor
coolant pumps. The operator must perform these actions within 14.5 minutes after the reactor
trip on low-low steam generator level (see Section 15.2.7.4.1, item J). (Note the
interpretation of the operator action time in Section 15.0.9.2.) No other operator actions are
credited in the analysis.
15.2.7.3.4

Chronological Description of Event

The analyzed event starts with a feedwater line break. The reactor is eventually tripped on
low-low steam generator water level. The time sequence including startup of auxiliary feedwater (AFW) is shown in Table 15.2-5 for the limiting break area determined in this analysis.
15.2.7.3.5

Impact on Fission Product Barriers

The reactor coolant system pressure remains less than 110% of the design pressure as allowed
by the ASME Boiler and Pressure Code, Section III. The reactor coolant pressure boundary
maintains its integrity as a fission product barrier.
The pressurizer could overfill (become water-solid) and discharge reactor coolant to the
pressurizer relief tank. Radioactive coolant could be discharged inside containment if the
capacity of the pressurizer relief tank is exceeded or the rupture disc fails. The containment is
designed to maintain its integrity after the instantaneous rupture of the largest primary or
secondary system piping within the structure. Feedwater line breaks inside containment are
not expected to exceed the design limits analyzed in the containment integrity evaluations in
Section 6.2.1.2. Therefore, the containment and containment isolation system serve as a final
barrier against the dispersion of radionuclides from the plant.
15.2.7.4
15.2.7.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. NSSS power up to 1817 MWt is assumed.
B. The initial reactor coolant average temperature is 580F (576F + 4F uncertainty). The
initial pressurizer pressure is 2190 psia (2250 psia - 60 psi uncertainty). Uncertainties are
applied per Section 15.2.7.4.2.
C. The following key physics parameters are consistent with minimum reactivity feedback
conditions:
1.

Moderator density coefficients - 1 value of 0.0 K/g/cc

2.

Doppler power-only coefficients - least (absolute value) negative values

3.

Doppler temperature coefficients - least (absolute value) negative values
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4.

Delayed neutron fraction - minimum value

D. The reactivity feedback parameters are chosen to minimize the ensuing power reduction
during the transient, which results in greater heat addition to the reactor coolant system.
E. Conservative core residual heat generation rates assume long-term operation at the initial
power level preceding the reactor trip.
F. The initial pressurizer water level is maximized in order to maximize the pressurizer water
volume during the transient.
G. Initial water level (mass) in the faulted steam generator is at the maximum value and the
initial water level (mass) in the intact steam generator is at the minimum value. The
maximum level in the faulted steam generator increases the time to reactor trip and heat
addition to the reactor coolant system. The minimum level in the intact steam generator
reduces the initial available heat sink.
H. Main feedwater flow to both steam generators is lost at the time the break occurs.
Essentially, all main feedwater is assumed to spill out through the break.
I.

Reactor trip is initiated when the low-low water level trip setpoint is reached in the faulted
steam generator. The setpoint is conservatively assumed to be at 0% narrow range. The
method described in Reference 7 was used to calculate steam generator masses up to the
time of reactor trip. No credit is taken for protection logic signals on pressurizer highpressure, over-temperature delta T, pressurizer high-level, or containment high-pressure to
mitigate the consequences of the accident.

J.

The following AFW assumptions were made: for a feedline break outside the intermediate
building, 195 gpm of AFW went to the intact steam generator and was initiated 60 sec after
the steam generator low-low level signal. For a feedline break inside the intermediate
building, 215 gpm of SAFW went to the intact steam generator and was initiated 870 sec
after the steam generator low-low level signal. In all cases, no AFW went to the faulted
steam generator.

K. The pressurizer power operated relief valves (PORVs) are assumed to operate in order to
minimize the reactor coolant system pressure and corresponding saturation temperature.
L. Conservative feedwater line break discharge quality was assumed. This minimized the heat
transfer capability of the faulted steam generator.
M. Credit was taken for heat energy deposited in portions of the RCS metal during the RCS
heatup, as described in the approved method presented in Reference 7.
N. No credit is taken for charging or letdown.
O. Steam generator heat transfer correlation for the SG tubes was automatically adjusted as the
shell-side liquid inventory decreased.
P. The reactor coolant pump heat addition to the reactor coolant is assumed to be the
maximum value of 5 MWt/pump for the offsite power available cases and 3 MWt/pump
for the loss of offsite power cases.
Q. For the loss of offsite power case, loss of power and start of the reactor coolant pump
coastdown is assumed to occur coincident with reactor trip. This condition increases the
initial heatup of the reactor coolant following reactor trip.
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R. Uniform steam generator plugging level of 10% is assumed.
15.2.7.4.2

Method of Analysis

The feedline break transient is analyzed using the RETRAN computer code described in
WCAP-14882-P-A (Reference 2). The RETRAN model simulates the reactor coolant system,
neutron kinetics, pressurizer, pressurizer relief and safety valves, pressurizer heaters,
pressurizer spray, steam generators, feedwater system, and main steam safety valves. The
code computes pertinent plant variables including steam generator mass, pressurizer water
volume, reactor coolant average temperature, reactor coolant system pressure, and steam
generator pressure.
The feedline break methodology requires that bulk boiling does not occur in the reactor
following the accident. This condition is met if the reactor coolant temperature is less than
the saturation temperature during the accident. This requirement is invoked until the heat
removal capability of the intact steam generator exceeds the heat generation in the nuclear
steam supply system. The total heat addition includes decay plus reactor coolant pump
heating for the case where offsite power is available; for the case where offsite power is
unavailable, pump heating decreases rapidly during coastdown after the loss of offsite power.
A double-ended rupture of the feedwater pipe of 1.418 ft2 area is analyzed, because this
break size results in the most severe increase in the reactor coolant temperature prior to
reactor trip and leads to the closest approach (minimum margin) to the hot-leg saturation
temperature.
The minimum margin to saturation occurs after reactor trip but prior to turnaround of the
transient.
DNBR is not analyzed, and therefore, the Revised Thermal Design Procedure is not used.
Instead, the steady state uncertainties are added to the plant's nominal conditions to develop
conservative initial conditions for the analysis as discussed in Section 15.2.7.4.1).
15.2.7.4.3

Acceptance Criteria

The general acceptance criteria used for the Condition IV feedwater line break event are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Any fuel damage that may occur must be sufficiently limited so that the core remains in
place and intact with no loss of core cooling capability.
C. Any activity release must result in calculated doses at the exclusion area boundary (EAB)
within the guidelines of 10 CFR 50.67.
This analysis uses the more restrictive requirement that no bulk boiling occurs in the reactor
coolant system following a feedline break, prior to the time that the heat removal capability of
the steam generator, being fed auxiliary feedwater, exceeds the NSSS residual heat
generation. This requirement ensures that the core geometry remains intact without loss of
core cooling capability. The ability to also limit reactor coolant and main steam pressures to
110% of design ensures that any radioactivity release is small, thereby satisfying the dose
guidelines in 10 CFR 50.67.
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Overfill and water relief from the pressurizer are permissible during a Condition IV feedline
break event. The possible discharge from the pressurizer relief tank into the containment is
considered a Condition III event. The consequential occurrence of the less severe Condition
III event does not change the general acceptance criteria for the feedline break event.
15.2.7.4.4

Results

The transient results for the most limiting feedline break with offsite power available are
shown in Figures 15.2-21 through 15.2-25. Figures 15.2-26 through 15.2-30 show the same
parameters for the feedline break case without offsite power available (i.e., the loss of offsite
power is assumed coincident with reactor trip). The calculated sequences of events for the
cases with and without offsite power are shown in Table 15.2-5.
For the feedline break with offsite power available, the pressurizer pressure decreases after
reactor trip on low-low steam generator water level due to the reduction in heat input.
Following this initial decrease, pressurizer pressure increases. This increase is the result of
reactor coolant expansion caused by the reduction in heat transfer capability in the steam
generators. The pressurizer water volume increases in response to the heatup. Pressurizer
filling is predicted in this case; therefore, fluid flow through the pressurizer power operated
relief valves (PORVs). Flow through the pressurizer safety valves is not anticipated, as the
pressure remains below the safety valves setpoint. The results show that the core remains
covered at all times and that no boiling occurs in the reactor coolant loops prior to turnaround
of the event. The feedwater pipe break transient is considered terminated when the heat
removal capability of the intact steam generator exceeds the nuclear steam supply system heat
generation. This occurs at approximately 2600 seconds for this case. The coolant in the hot
leg never reaches the saturation temperature. The closest approach to saturation before the
transient has turned around is approximately 2F.
The system response following a feedwater line rupture without offsite power available is
similar to the case with offsite power available. The reactor coolant pumps start to coast
down due to the loss of offsite power (assumed to occur at the time of reactor trip). The total
reactor coolant system heat generated is reduced by the amount produced by operation of
both pumps. Therefore, this case is less limiting than the case with offsite power available.
Note that, at Ginna, the reactor coolant pumps would not coast down for 60 seconds after the
assumed loss of power instead of the almost immediate coastdown that was assumed in the
analysis. If coastdown is delayed, the difference between the two cases is reduced. However,
the case with offsite power available would still be more limiting than the case without offsite
power.
Pressurizer pressure decreases after reactor trip on low-low steam generator water level due
to the reduction of heat input. Following this initial decrease, pressurizer pressure increases
until the pressurizer power operated relief valve (PORV) setpoint is reached. This pressure
increase is the result of coolant expansion caused by reduction in heat transfer capability of
the steam generators. The primary pressure remains at the pressurizer power operated relief
valve (PORV) setpoint until the auxiliary feedwater (AFW) system starts reducing primary
temperatures. Steam release through the pressurizer power operated relief valves (PORVs) is

Page 93 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

minimal and the pressurizer is not predicted to go water solid. The analysis also
demonstrated that ample margin to hot leg saturation is present.
15.2.7.5

Radiological Consequences

The possible discharge of reactor coolant from the pressurizer relief tank could result in the
release of radioactive fission and corrosion products inside containment. The containment is
a barrier, preventing the direct release of radioactivity to unrestricted areas. The dose
contribution from this path is expected to be small compared to the steam generator releases.
Steam generator releases arise from the blowdown of the faulted steam generator and the
steaming down of the intact steam generator to remove heat from the reactor coolant system.
The primary to secondary side leakage in the steam generators provides a path for the
transport of reactor coolant activity to the secondary side and release to the environment.
The leakage paths and mechanisms are analogous to the main steam line break. Unlike the
main steam line break, the feedwater line break does not cause a severe, rapid
depressurization of the reactor coolant system; hence, iodine spiking is not expected to be as
significant a contributor to the post-event activity release. Because the feedline break is
characterized by a discharge of water from the secondary side instead of an initial steam
release, less of the faulted steam generator's pre-accident iodine activity is flashed to the
environment. Thus, the activity releases from the feedline break are less than those
associated with the main steam line break accident. Therefore, the radiological
consequences are bounded by the steam line break consequences in Section 15.1.5 and are
well within the limits of 10 CFR 50.67.
15.2.7.6

Conclusions

The auxiliary feedwater (AFW) system capacity is adequate for limiting the heatup and
removing decay heat from the reactor coolant system following a feedline break. Under
extremely conservative assumptions, the energy removal capability of the secondary system
exceeds the residual energy generation in the primary system within approximately 45
minutes after the feedline rupture. No bulk boiling occurs in the reactor hot leg prior to turnaround of the events, and the core remains covered at all times. The allowable overpressure
limits for the reactor coolant and main steam systems are not exceeded. Radiological
consequences are well within the limits of 10 CFR 50.67.
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Table 15.2-1
TIME SEQUENCE OF EVENTS FOR LOSS OF EXTERNAL ELECTRICAL LOAD

1.

Case

Event

With pressurizer control

Loss of electrical load

(DNBR Case)

2.

Without pressurizer control
(peak RCS pressure case)

3.

With pressurizer control
(peak MSS pressure case)

Time of Each
Event (sec)
0

Over-temperature T reactor trip
setpoint reached

11.6

Rod begins to drop

13.1

Minimum DNBR occurs

14.6

Peak RCS pressure occurs

a

Loss of electrical load

0

High pressurizer pressure reactor trip
setpoint reached

5.4

Rods begin to drop

7.4

Initiation of steam release from
pressurizer safety valves

7.4

Peak RCS pressure occurs

8.5

Initiation of release from main steam
safety valves (MSSVs)

9.4

Minimum DNBR occurs

b

Loss of electrical load

0

Over-temperature T reactor trip
setpoint reached

10.9

Rods begin to drop

12.4

Initiation of release from main steam
safety valves (MSSVs)

7.0

Peak MSS pressure occurs

15.9

Minimum DNBR occurs

c

a.

Peak RCS pressure is not reported for this case since analysis assumptions conservatively minimize it.

b.

DNBR is not reported for this case since analysis assumptions are made to maximize the peak RCS
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c.

pressure.
DNBR is not reported for this case since analysis assumptions are made to maximize the peak MSS
pressure.
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Table 15.2-2
TIME SEQUENCE OF EVENTS FOR LOSS OF OFFSITE ALTERNATING CURRENT
POWER TO THE STATION AUXILIARIES
Event

Time (sec)

Main feedwater flow stops

20

Pressurizer power operated relief valve (PORV) initially
opens

35

Low-low steam generator water level trip setpoint reached

61

Rod motion begins and turbine tripped

63

Reactor coolant pumps trip and flow coastdown begins

65

Pressurizer power operated relief valve (PORV) initial
closure.

68

Peak steam generator pressure occurs

72

Peak pressurizer water level occurs (first peak)

86

Two motor driven auxiliary feedwater (MDAFW) pumps
start to pump 170 gpm to each steam generator

121

Long-term peak pressurizer water level occurs (second peak)

266
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Table 15.2-3
Table DELETED
Table DELETED
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Table 15.2-4
TIME SEQUENCE OF EVENTS FOR LOSS OF NORMAL FEEDWATER FLOW
Event

Time (sec)

Main feedwater flow stops

20

Low-low steam generator water level trip setpoint reached

55

Rod motion begins and turbine tripped

57

Pressurizer power operated relief valve (PORV) initially opens

60

Pressurizer power operated relief valve (PORV) initial closure

62

Peak steam generator pressure occurs

79

Peak pressurizer water level occurs (first peak)

85

Two motor driven auxiliary feedwater (MDAFW) pumps start to pump 170 gpm
to each steam generator

115

Long-term peak pressurizer water level occurs (second peak)

896
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Table 15.2-5
TIME SEQUENCE OF EVENTS FOR THE FEEDWATER LINE PIPE BREAK (0.3 FT2
BREAK AREA)
Case

Event

With offsite power

Feedwater pipe rupture occurs

20.0

Reactor trip setpoint reached for low-low steam
generator water level

21.8

Rod motion begins

23.8

Peak pressurizer pressure occurs

772.0

Auxiliary feedwater flow to intact steam generator
is initiated

891.8

Core decay heat decreases to auxiliary feedwater
heat removal capacity

˜2600

Minimum margin to hot leg saturation occurs

˜2600

Feedwater pipe rupture occurs

20.0

Reactor trip setpoint reached for low-low steam
generator water level

21.8

Rod motion and reactor coolant pump coastdown
begins

23.8

Auxiliary feedwater flow to intact steam generator
is initiated

891.8

Peak pressurizer pressure occurs

1020.0

Core decay heat decreases to auxiliary feedwater
heat removal capacity

˜1500

Minimum margin to hot leg saturation occurs

˜1500

Without offsite power

Time (sec)
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15.3
15.3.1
15.3.1.1

DECREASE IN REACTOR COOLANT SYSTEM FLOW RATE
FLOW COASTDOWN ACCIDENTS
Description of Event

A loss-of-coolant-flow incident can result from a mechanical or electrical failure in one or
both reactor coolant pumps or from a fault in the power supply to these pumps. If the reactor
is at power at the time of the incident, the immediate effect of loss of coolant flow is a rapid
increase in coolant temperature. This increase could result in departure from nucleate boiling
(DNB) with subsequent fuel damage if the reactor is not tripped promptly.
Simultaneous loss of electrical power to both reactor coolant pumps at full power is the most
severe credible loss-of-coolant-flow condition. For this condition, reactor trip together with
flow sustained by the inertia of the coolant and rotating pump parts will be sufficient to prevent
fuel failure, reactor coolant system overpressure, and the DNB ratio (DNBR) from decreasing
to less than the safety limit value.
The simultaneous loss of power to both reactor coolant pumps is a highly unlikely event. The
normal power supplies for the pumps are the two non-Class 1E buses 11A and 11B fed from
the generator via unit auxiliary transformer 11. Each bus supplies power to one pump. Since
the pumps are on separate buses, a single bus fault would not result in the loss of both pumps.
When a generator trip occurs, the feeds to buses 11A and 11B are automatically transferred to
buses supplied from either of two independent offsite power sources. Following any turbine
trip, with no generator electrical faults requiring tripping of the generator, the reactor coolant
pumps remain powered from buses 11A and 11B for approximately one minute before the
automatic bus 11A and 11B transfers are made. However, this delay is not required for any
safety-related function.
15.3.1.2

Frequency of Event

Reactor coolant pump coastdown events may involve one or two loops. A loss of flow in one
loop, or partial loss of flow, is classified as an ANS Condition II event of moderate frequency.
A loss of flow in both loops is termed a complete loss of flow event. A complete loss of flow
is classified as an ANS Condition III infrequent incident. Section 15.0.8 discusses the ANS
classifications.
15.3.1.3

Event Analysis

The following loss-of-coolant-flow cases are analyzed:
Case A - Loss of voltage to two reactor coolant pumps with two loops operating.
Case B - Loss of voltage to one reactor coolant pump with two loops operating.
Case C - Frequency decay of power to two reactor coolant pumps with two loops operating.
The first case is a total loss of flow and represents the worst credible coolant flow loss. The
second case is a partial loss of flow and is less severe. The third case is not believed to be
credible because the offsite power system is not highly capacitive, which is typical of systems
using large amounts of buried transmission cables (Reference 4); however, this case is
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considered because of the potential to yield more severe analysis results than the loss of
voltage case.
15.3.1.3.1

Protective Features

For the failure of two reactor coolant pumps with two loops in operation (Cases A and C), the
following trip circuits provide protection for a complete loss of forced reactor coolant flow:
A. Reactor trip is actuated on undervoltage occurring concurrently on buses 11A and 11B.
The undervoltage input is derived from one out of two undervoltage channels (relays) on
each bus.
B. Reactor trip is actuated on underfrequency occurring concurrently on buses 11A and 11B.
The signal input is derived from one out of two underfrequency channels (relays) on each
bus.
C. Reactor trip is actuated on low flow in two out of three channels in both loops when the
reactor is above a preset level. The low flow trip in both loops occurs when the power level
(P-7 permissive) is above approximately 8%.
D. An anticipatory trip based on pump breaker position also provides a trip input to the reactor
trip system. Opening of both pump breakers generates an anticipatory trip when power is
greater than the preset level (P-7 permissive).
The undervoltage trip is the only automatic reactor trip credited in Case A; the
underfrequency trip is the only trip credited in Case C.
For the failure of one reactor coolant pump with two loops in operation (Case B), the
following trip circuits provide protection for a partial loss of flow:
A. Reactor trip is actuated on low flow in two out of three channels in either loop when the
reactor power is above a preset level. The power level (P-8 permissive) is approximately
25% power.
B. A backup to the low flow trip is provided by an anticipatory trip based on breaker position.
Opening of either reactor coolant pump breaker generates an anticipatory trip when power
is greater than the preset level (P-8 permissive).
The low flow reactor coolant trip is the only automatic reactor trip credited in Case B.
These trip circuits and their redundancy are further described in Section 7.2.
For partial and complete loss of flow events (Cases A, B, and C), the following equipment is
available:
A. The pressurizer safety valves may open to provide protection against overpressurization of
the reactor coolant system.
B. The main steam safety valves may open to provide an additional heat sink for and
overpressure protection for the secondary side.
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15.3.1.3.2

Single Failures Assumed

For the failure of two reactor coolant pumps with two loops in operation (Cases A and C) and
for the failure of one reactor coolant pump with two loops in operation (Case B), the limiting
single failure is one train of the reactor protection system. The other, operable train trips the
reactor in all cases.
For partial or complete loss of flow events (Cases A, B, and C), the main steam and
pressurizer safety valves are considered passive components and do not fail to open on
demand.
15.3.1.3.3

Operator Actions Assumed

No operator actions are assumed in the analysis of Cases A, B or C.
The P-8 evaluation described in Section 15.3.1.7 assumed the transient was terminated in
4000 sec. This implies the operators have over an hour to terminate the transient by either
tripping the reactor or restarting the reactor coolant pump.
15.3.1.3.4

Chronological Description of Event

The complete loss of flow cases start with a loss of power (Case A) or frequency degradation
(Case C) on both buses 11A and 11B. The partial loss of flow case (Case B) begins with one
pump coasting down. The event sequences for these three cases are shown in Table 15.3-1.
15.3.1.3.5

Impact on Fission Product Barriers

No fuel cladding failures are anticipated. The peak reactor coolant system pressure remains
less than 110% of the design pressure as allowed by the ASME Boiler and Pressure Vessel
Code, Section III. The cladding and reactor coolant pressure boundary maintain their
integrity as fission product barriers.
15.3.1.4
15.3.1.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. The initial reactor power and pressurizer pressure are at their nominal values. The reactor
coolant average temperature is at the maximum end of the TAVG window (576.0F). The
initial reactor coolant flow rate is at the minimum measured flow. Table 15.0-5 summarizes
these initial conditions.
B. The contribution to reactor coolant pump heating is 3 MWt per pump. Pump heat is
decreased as the pump (or pumps) coasts down.
C. A moderator temperature coefficient of 0 pcm/F at hot full power is assumed in the
analyses. The Technical Specifications allow for a positive moderator of +5 pcm/F for
power levels up to 70% RTP. However, sensitivity studies have shown that 100% power
with a zero moderator temperature coefficient bounds all credible moderator temperature
coefficient and power level combinations.
D. A conservatively large absolute value of the doppler-only power coefficient is used. This
assumption maximizes the power level while it is decreasing after a reactor trip.
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E. The flow coastdown analysis is based on a momentum balance around each reactor coolant
loop and across the reactor core. This momentum balance is combined with the continuity
equation, a pump momentum balance and the pump characteristics, and is based on high
estimates of system pressure losses.
F. The automatic reactor trip system setpoints and delay times used in the accident analyses
are shown in Table 15.0-5. For the underfrequency case (Case C), buses degrade at 5 Hz/
second and the underfrequency setpoint is assumed to be 57 Hz.
G. A conservative trip reactivity of 3.5% delta k is used. This value allows for the highest rod
cluster control assembly stuck in a fully withdrawn position. A conservative trip reactivity
worth versus rod position curve is also used.
H. A uniform steam generator plugging level of 10% is assumed.
15.3.1.4.2

Method of Analysis

The transients are analyzed with two computer codes. First, the RETRAN computer code
(Reference 2) is used to calculate the loop and core flow during the transient, the time of reactor
trip based on the calculated flows, the nuclear power transient, and the primary-system pressure
and temperature transients. The VIPRE computer code (Reference 1) is then used to calculate
the heat flux and DNBR transients based on the nuclear power and RCS temperature (enthalpy),
pressure, and flow from RETRAN. General descriptions of RETRAN and VIPRE are given in
Section 15.0.7.
This accident is analyzed with the Revised Thermal Design Procedure (Reference 1).
Uncertainties in the initial conditions are included the DNBR safety analysis limit when using
this procedure.
15.3.1.4.3

Acceptance Criteria

The general acceptance criteria for Condition II events are used for all reactor coolant flow
coastdown events. This approach is conservative since the more severe total loss of flow
cases are classified as Condition III events. The acceptance criteria are:
A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
The primary acceptance criteria used in these analyses are that the minimum DNBR remains
greater than the safety analysis limit value (see Section 4.4) and that the primary and secondary
side pressures are maintained below their respective acceptance limits.
15.3.1.4.4

Results

Figures 15.3-1 to 15.3-3 show the transient responses for the complete loss of flow event
caused by bus undervoltage (Case A). Figure 15.3-1 shows the nuclear power and the reactor
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coolant mass flow. Figure15.3-2 shows the average channel heat flux and the hot-channel
heat flux responses. Figure 15.3-3 shows the DNBR as a function of time for this case. The
minimum DNBR is reached 2.9 seconds after initiation of the incident.
Figures 15.3-1a to 15.3-3a show the transient responses for the complete loss of flow event
due to bus underfrequency (Case C). These figures display the same parameters as the undervoltage event. Figure 15.3-3a shows the DNBR as a function of time for this case. The
minimum DNBR is reached 3.4 seconds after the frequency starts to degrade.
Figures 15.3-4 through 15.3-6 show the transients for the partial loss of flow event when one
pump fails with both loops operating (Case B). The core mass flow and individual loop mass
flows are shown on Figures 15.3-4 and 15.3-5, respectively. Figure 15.3-7 shows the DNBR
as a function of time. The minimum DNBR occurs 3.6 seconds after initiation of the
transient.
The complete loss of flow due to bus underfrequency is the most limiting event of the three
cases analyzed. Table 15.3-1 shows the time sequence of events for the loss of reactor flow
events.
15.3.1.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failures are caused
by the loss of flow events. Steam releases from the pressurizer power operated relief valves
(PORV) and pressurizer safety valves are to the pressurizer relief tank inside containment.
Since this does not result in an uncontrolled release to the environment, normal plant operations
can be used for the clean up or discharge of the radioactive contaminants under controlled
conditions.
15.3.1.6

Conclusions

Since the DNBR safety analysis limit is not violated in any loss-of-coolant-flow incident,
there is no cladding damage or release of fission products into the reactor coolant. The
reactor coolant system pressure remains well below the allowable pressure limits. Therefore,
once the fault is corrected, the plant can be returned to service in the normal manner for
partial and complete loss of coolant flow events.
A P-8 permissive setpoint evaluation was performed at EPU conditions. The P-8 permissive
setpoint defines the highest steady state power level at which the reactor can operate with one
RCS loop inactive without violating the N-1 core thermal limits. The P-8 evaluation was
performed with RETRAN by analyzing one loop in operation at a part power steady state
condition and demonstrating that the DNBR design basis is satisfied. The RETRAN analysis
was performed at 35% power and determined state points that were evaluated and found to
satisfy the DNB limit. Therefore, the DNB design basis is satisfied for partial loss of flow at
35% power, demonstrating the acceptability of 35% as the P-8 permissive setpoint for EPU.
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15.3.2

LOCKED ROTOR ACCIDENT

15.3.2.1

Description of Event

A transient analysis is performed for the postulated instantaneous seizure of a reactor coolant
pump rotor. Flow through the reactor coolant system (RCS) is rapidly reduced, leading to a
reactor trip on a low-flow signal. Following the trip, heat stored in the fuel rods is
transferred to the coolant, causing the coolant to heat up and expand. At the same time, heat
transfer to the shell side of the steam generator is reduced: first, because the reduced RCS
flow results in a decreased tube-side film coefficient; second, because the reactor coolant in
the tubes cools down while the shell-side temperature increases (turbine steam flow is
reduced to zero upon plant trip). The rapid expansion of the coolant in the reactor core,
combined with the reduced heat transfer in the steam generator, causes an insurge into the
pressurizer and a pressure increase throughout the RCS. The insurge into the pressurizer
compresses the steam volume, actuates the automatic spray system, opens the pressurizer
power operated relief valves (PORVs), and opens the pressurizer safety valves, in that
sequence. The two pressurizer PORVs are designed for reliable operation and would be
expected to function properly during the accident. However, for conservatism, the pressurereducing effect of the non-safety pressurizer PORVs and non-safety pressurizer spray are not
included.
15.3.2.2

Frequency of Event

The occurrence of a locked rotor accident is extremely unlikely over the life of the plant. The
event can have potentially severe consequences, which includes the possible release of
significant amounts of radioactive material. Consequently, this event is classified as an ANS
Condition IV limiting fault (see Section 15.0.8).
15.3.2.3

Event Analysis

Two loops are operating when one of the reactor coolant pump rotors is postulated to seize.
The analysis considers the rotor to be locked for forward flow and free-spinning for reverse
flow so as to cover both a locked rotor and a shaft break in one analysis. If a consequential
loss of offsite power would occur, the feeder breakers from unit auxiliary transformer 11
would not open until approximately 1 minute after the turbine trip, assuming no electrical
fault conditions exist. Therefore, power to the intact reactor coolant pump would be
maintained during the limiting portion of the transient when the peak clad temperature and
minimum DNBR occur. The RETRAN analysis of this event does assume a consequential
loss of offsite power with the intact reactor coolant pump being tripped at the time of rod
motion (see Table 15.3-3) to provide the most conservative scenario with regards to peak clad
temperature and DNB. Two separate cases are analyzed: 1) a peak RCS pressure/peak clad
temperature (PCT) case, and 2) a maximum rods-in-DNB case.
15.3.2.3.1

Protective Features

The following protection features are available:
A. Reactor trip is actuated on low flow in two out of three channels in either loop when the
reactor power is above a preset level. The power level (P-8 permissive) is approximately
25% power.
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B. A backup to the low flow trip is provided by an anticipatory trip based on breaker position.
Opening of either reactor coolant pump breaker generates an anticipatory trip when power
is greater than the preset level (P-8 permissive).
C. The pressurizer safety valves open to provide protection against overpressurization of the
RCS.
D. The main steam safety valves open to provide an additional heat sink and overpressure
protection for the secondary side.
The low flow reactor coolant trip is the only automatic reactor trip credited.
15.3.2.3.2

Single Failures Assumed

The limiting single failure is one train of the reactor protection system. The other, operable
train trips the reactor. The main steam and pressurizer safety valves are considered passive
components and do not fail to open on demand.
15.3.2.3.3

Operator Actions Assumed

No operator actions are assumed in the analysis of this event.
15.3.2.3.4

Chronological Description of Event

The event starts with the sudden seizing (locking) of one reactor coolant pump rotor followed
by the immediate reduction in loop flow and reactor trip. The RCS pressure and clad
temperature increase rapidly reaching maximum values within seconds of the start of the
transient. The transient is analyzed to determine that the peak RCS pressure, peak clad
temperature, and maximum percentage of rods in DNB are less than the acceptance criteria
limits. The sequence of events for each case is given in Table 15.3-3.
15.3.2.3.5

Impact on Fission Product Barriers

Some fuel is postulated to go into DNB for this event. Therefore, clad perforations are
expected with the consequential increase in the release of fission products to the reactor
coolant. Although coolant radioactivity concentrations can significantly increase, the
analyses performed here show that gross fuel clad integrity is maintained. However, for
consideration of the locked rotor dose analysis, the fuel rods that are determined to
experience a DNBR less than the limit value in the maximum rods-in-DNB case are assumed
to fail.
Maximum RCS pressures are expected to remain less than 120% of the design pressure
allowed by the ASME Boiler and Pressure Vessel Code, Section III. This limit is applicable
to emergency conditions for low probability events. (The locked rotor accident is classified
as an ANS Condition IV limiting fault. Limiting faults in the ASME Boiler and Pressure
Vessel Code have extremely low probabilities with higher allowable overpressure stresses.)
The ability to meet the more conservative 120% limit ensures that the pressure boundary
integrity is maintained for this accident.
No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the pressurizer relief tank maintains its function as a barrier against
the release of fission products from the RCS.
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15.3.2.4
15.3.2.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. The plant is initially operating at 1817 MWt. Nominal reactor coolant pump heating (3
MWt/pump) is assumed prior to the event.
B. For the peak RCS pressure/PCT case, the initial reactor coolant average temperature
(TAVG) is 580°F (4°F higher than the high end of the TAVG window), the initial pressurizer
pressure is 2310 psia (60 psi higher than nominal), and the initial reactor coolant flow is
170,200 gpm (thermal design flow).
For the maximum rods-in-DNB case, the initial TAVG is 576°F (nominal high end of the
TAVG window), the initial pressurizer pressure is 2250 psia (nominal), and the initial
reactor coolant flow is 177,300 gpm (minimum measured flow).
Table 15.0-9 summarizes the initial conditions.
C. A moderator temperature coefficient of zero is assumed consistent with the allowable value
allowed at full power by the Technical Specifications. This results in the minimum reduction
in core power as the moderator temperature rises in the early part of the transient.
D. The reactor trip occurs due to a reactor coolant low flow setpoint at 87% of nominal flow.
A delay time of one second is assumed.
E. A trip reactivity insertion of 3.5% delta k is used to allow for the highest worth rod cluster
control assembly (RCCA) stuck in its fully withdrawn position. In addition, a conservative
rod worth versus position characteristic and rod drop time are used to minimize the
negative reactivity insertion following reactor trip.
F. The pressurizer safety valve opening pressure of 2599.4 psia includes a positive 3%
tolerance and a 1% setpoint drift due to the loop seal. A 0.8 second time delay in opening
after reaching the setpoint accounts for the time required to purge the water from the loop
seal. These modeling characteristics and the total capacity of the pressurizer safety valves
are summarized in Table 15.0-4.
G. No credit is taken for the pressure-reducing effect of the pressurizer PORVs, pressurizer
spray, steam dump, or controlled feedwater flow after the plant trip. Operation of these
features would result in a lower predicted peak RCS pressure. Also, for the rods-in-DNB
calculation, no credit is taken for the resultant increase in RCS pressure.
H. Steam generator plugging level of 10% is assumed, although not a significant contributor to
the results.
15.3.2.4.2

Method of Analysis

The maximum rods-in-DNB case is analyzed with the Revised Thermal Design Procedure
(RTDP) (Reference 1). Uncertainties in the initial conditions are included in the DNBR safety
analysis limit when using this procedure. The peak RCS pressure/PCT case is not analyzed
with the RTDP, and therefore the initial condition uncertainties are applied in conservative
directions.
For the calculation of the PCT, DNB is assumed to occur in the core. The consequences of
fuel rod thermal transients are analyzed to determine upper limits on cladding temperature and
zirconium-water reaction at the hot spot location. The rod power at the hot spot is taken as
2.6 times the average rod power (FQ = 2.6) at the initial core power level. Other calculations
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are performed to determine the peak RCS pressure and maximum percentage of rods in DNB
during the accident.
Two computer codes are used. RETRAN is used to calculate the reactor coolant loop and
core flow transients following the pump seizure, the time of reactor trip based on loop flow
transients, the nuclear power transient, and the RCS pressure and temperature/enthalpy
transients. The thermal behavior of the fuel at the core hot spot and DNBR are investigated
using VIPRE, which uses the core flow, nuclear power, core pressure, and core inlet enthalpy
calculated by RETRAN. RETRAN and VIPRE are described in Section 15.0.7. Specific
methods used to analyze fuel cladding behavior (for the PCT calculation) are described below.
Film-Boiling Coefficient
The film-boiling coefficient is calculated by VIPRE using the Bishop-Sandberg-Tong filmboiling correlation. The fluid properties are evaluated at the film temperature, which is the
average of the wall and bulk coolant temperatures. The program calculates the film
coefficient at every time step, based on the actual heat transfer conditions at the time. The
neutron flux, system pressure, bulk density, and mass flow rate used as inputs are based on
the RETRAN results.
The initial values of the pressure and the bulk density are used throughout the transient since
they are conservative for evaluating the cladding temperature response. For conservatism,
DNB is assumed to start at the beginning of the accident.
Fuel Clad Gap Coefficient
The magnitude and the time dependence of the heat transfer coefficient between fuel and clad
(gap coefficient) have an important influence on the thermal results. The larger the value of
the gap coefficient, the more heat is transferred between the pellet and the clad. Based on
investigations of the effect of the gap coefficient on the maximum clad temperature during the
transient, the gap coefficient is assumed to increase from a steady-state value consistent with
the initial fuel temperature to 10,000 Btu/hr-ft2-F at the initiation of the transient. Thus, the
large amount of energy stored in the fuel because of the small initial gap coefficient is
released to the clad at the beginning of the transient.
Zirconium-Steam Reaction
The zirconium-steam reaction can be significant above a clad temperature of 1800F. The
Baker-Just parabolic rate equation shown below is used to define the rate of the zirconiumsteam reaction:
d(w2)/dt = 33.3 x 106 exp (-45500/1.986T)
where:

w=

amount reacted (mg/cm2)

t=

time (seconds)

T=

temperature (Kelvin)

The heat of reaction is 1510 cal/g , and is included in the calculation of the hot spot
temperature transient.
15.3.2.4.3

Acceptance Criteria

The guidelines set down in the ANS safety criteria in Section 15.0.8 are general due to the
inherent severity of Condition IV events. The specific licensing basis acceptance criteria
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used to meet these guidelines for the reactor coolant pump locked rotor accident are:
A.
B.
C.
D.

The primary system pressure must remain below 120% of the primary design pressure.
The fuel cladding temperature must remain below 2700F.
The local zirconium-water reaction must remain below 16% by weight.
The percentage of failed fuel (rods in DNB) must remain below that which is considered in
the locked rotor dose analysis (50%).
15.3.2.4.4 Results
The sequence of events is shown in Table 15.3-3. Rod motion is assumed to begin 1 second
after the flow in the affected loop decreases to 87% of nominal flow. The flux is rapidly
reduced by the control rod insertion effect. The peak RCS pressure, PCT, and minimum
DNBR occur within the first 10 seconds of the accident.
Figure 15.3-8 shows the loop flow and RCS pressure transients. The pressurizer pressure
response is shown in Figure 15.3-8. The maximum pressure in the RCS is at the discharge of
the reactor coolant pump, which is also shown in Figure 15.3-8. The peak pressure can be
considered an upper limit since the assumptions used in the analysis are conservative. Figure
15.3-9 shows the nuclear power and core inlet flow transients. The heat flux and clad
temperature transients are given in Figure 15.3-10. The results shown in Figures 15.3-8
through 15.3-10 correspond to the peak RCS pressure/PCT case. Table 15.3-2 summarizes the
limiting results.
15.3.2.5

Radiological Consequences

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and off-site doses were also analyzed. Reference 5 is now considered to be
the Locked Rotor (LR) dose analysis of record. The analysis was performed using the
alternate source term (AST) per 10 CFR 50.67 and Reference 6. The new methodology and
analysis was approved by the NRC in Reference 7 as supplemented by Reference 8. The
assumptions used in the analysis are summarized in Table 15.3-4 and the results are contained
in Table 15.3-5.
15.3.2.6

Conclusions

There is no loss of RCS integrity, since the peak RCS pressure is less than 120% of the design
pressure.
The peak clad surface temperature calculated for the hot spot during the transient remains
considerably less than 2700F, and the degradation due to the zirconium-water reaction is
small. There is no consequential loss of core cooling capability, and the core remains in place
and intact.
Also, the calculated maximum percentage of failed fuel (rods in DNB) is less than 50%, which
justifies the value considered in the locked rotor dose analysis.
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Table 15.3-1
TIME SEQUENCE OF EVENTS FOR LOSS OF REACTOR COOLANT FLOW

A.

B.

C.

Case

Event

Complete loss of forced reactor
coolant flow (undervoltage)

Both operating pumps lose power
and begin coasting down

0

Reactor coolant pump undervoltage trip point reached

0

Partial loss of reactor coolant flow
(two loops operating, one pump
coasting down)

Complete loss of forced reactor
coolant flow (underfrequency)

Time of Each
Event (sec)

Rods begin to drop

1.5

Minimum DNBR occurs

2.9

Maximum Primary Pressure occurs

3.4

Coastdown begins

0

Low flow reactor trip

1.6

Rods begin to drop

2.6

Minimum DNBR occurs

3.6

Frequency decay begins (5 Hz/
sec.)

0

Underfrequency reactor trip
setpoint reached

0.6

Rods begin to drop

2.0

Minimum DNBR occurs

3.4

Maximum Primary Pressure occurs

4.6
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Table 15.3-2
SUMMARY OF LIMITING RESULTS FOR LOCKED ROTOR ACCIDENT
Maximum reactor coolant system pressure (psia)

2782

Maximum cladding temperature at core hot spot (F)

1925

Zirconium-water reaction at core hot spot (% by weight)

0.53

Maximum percentage of rods in DNB (%)
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Table 15.3-3
TIME SEQUENCE OF EVENTS FOR LOCKED ROTOR INCIDENT

Peak RCS pressure/PCT Case:
Event

Time (sec)

Rotor on One Pump Locked or the Shaft Breaks

0.0

Low Flow Reactor Trip Setpoint Reached

0.096

Rods begin to drop

1.096

Remaining Pump Loses Power and Begins to Coast Down

1.096

Maximum clad average temperature occurs

3.08

Maximum RCS Pressure Occurs

3.95

Time of Maximum Clad Oxidation

10.0

Maximum Rods-in-DNB Case:
Event

Time (sec)

Rotor on One Pump Locked or the Shaft Breaks

0.0

Low Flow Reactor Trip Setpoint Reached

0.090

Rods Begin to Drop

1.090

Remaining Pump Loses Power and Begins to Coast Down

1.090

Minimum DNBR Reached

2.6
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Table 15.3-4
LR Dose Analysis Assumptions
Parameter

Value

Reactor power, MWt

1811

Failed Fuel, %

50

Initial reactor coolant activity, pre-accident
iodine spike
iodine Ci/gm of D.E. I-131
noble gas fuel defect level, %

60
1.0

Initial secondary coolant iodine activity, Ci/
gm of D.E. I-131
Primary-to-secondary leakage (post accident)
to SGs
Leak rate (cold conditions) per SG, gpd
Duration of leakage, hours

0.1

500
8

Mass of primary coolant, gm

1.28 x 108

Initial mass of secondary coolant in 2 SGs, gm

7.72 x 107

Steam Releases (2 SGs), lb
0-2 hr.
2-8 hr.

210,300
484,500

Steam generator iodine partition coefficients
(mass-based)
Elemental
Organic

100
1

Iodine fractions in the reactor coolant and SG
Water
elemental iodine
organic iodide<

0.97
0.03

Atmospheric dispersion X/Q sec/m3
EAB 0-2 hr
LPZ 0-8 hr

2.17E-4
2.51E-5

Breathing rate m3/sec
EAB & LPZ
0-8 hr
8-24

3.47E-4
1.75E-4
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Table 15.3-5
RESULTS FOR LOCKED ROTOR
EAB MAX - 2 HR
rem TEDE

LPZ, 8 hr
rem TEDE

Elemental Iodide

4.76E-1

1.33E-1

Organic Iodide

4.30E-1

1.61E-1

Noble gas

2.51E-1

5.87E-2

Total

1.16

3.53E-1

Acceptance Criteria

2.5

2.5
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15.4
15.4.1

REACTIVITY AND POWER DISTRIBUTION ANOMALIES
UNCONTROLLED ROD CLUSTER CONTROL ASSEMBLY WITHDRAWAL
FROM A SUBCRITICAL CONDITION

15.4.1.1

Description of Event

A rod cluster control assembly (RCCA) withdrawal incident is defined as an uncontrolled
addition of reactivity to the reactor core by withdrawal of RCCAs resulting in a power
excursion. While the probability of a transient of this type is low, such a transient could be
caused by a malfunction of the reactor control or RCCA drive systems. This could occur
with the reactor subcritical or at power. The "at power" case is discussed in Section 15.4.2.
RCCA withdrawal is used to bring the reactor from a shutdown condition to a low power
level during startup. Although the initial startup procedures with a clean core use the method
of boron dilution, normal startup is by withdrawal of RCCAs. RCCA motion can cause much
faster changes in reactivity than can be made by changing boron concentration.
The RCCA drive mechanisms are wired into pre-selected groups which are not altered during
core life. These circuits prevent the RCCAs from being withdrawn in other than their
respective groups. Power supplied to the rod groups is controlled such that no more than two
groups can be withdrawn at the same time. The RCCA drive mechanism is of the magnetic
latch type, and the coil actuation is sequenced to provide variable speed rod travel. The
maximum reactivity insertion rate analyzed assumes the simultaneous withdrawal of the
combination of the two RCCA groups having the maximum combined worth at maximum
speed.
The neutron flux response to a continuous reactivity insertion is characterized by a very fast
rise terminated by the negative reactivity feedback of the doppler effect. This self-limiting
effect is important since it limits the power to a tolerable level during the delay before
protective actions are performed.
15.4.1.2

Frequency of Event

The uncontrolled RCCA withdrawal from subcritical condition is classified as an ANS
Condition II event of moderate frequency. Section 15.0.8 discusses Condition II events.
15.4.1.3

Event Analysis

The effects of an uncontrolled reactivity insertion from a subcritical condition are analyzed
with an extremely low core power at hot zero power temperature conditions. The reactivity
insertion rate used is greater than that for the simultaneous withdrawal of two control banks.
The insertion rate and initial conditions bound other zero power Condition II events
considered in Chapter 15.
15.4.1.3.1

Protective Features

The following reactor trip system (RTS) design features provide protection for this event:
A. Reactor trip is actuated by the source range neutron flux trip signal when either of two
independent source range channels indicates a flux level above a pre-selected, manually
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adjustable setpoint. This trip function may be manually bypassed when either of the
intermediate range neutron flux channels indicates a flux (P-6 permissive) above the source
range cutoff power level. It is automatically reinstated when both intermediate range
channels indicate a flux level below the source range cutoff power level.
B. Reactor trip is actuated by the intermediate range neutron flux trip signal when either of
two independent intermediate range channels indicates a flux above a pre-selected,
manually adjustable setpoint. This trip function may be manually bypassed when two of
the four power range channels are reading above approximately 8% power (P-10
permissive). The trip function is automatically reinstated when three of the four channels
indicate a power level below this value.
C. Reactor trip is actuated by the power range neutron flux (low setting) trip signal when two
out of the four power range channels indicate a power level above approximately 25%.
This trip function may be manually bypassed when two of the four power range channels
indicate a power level above approximately 8% power (P-10 permissive). The trip function
is automatically reinstated when three of the four channels indicate a power level below this
value.
D. Reactor trip is actuated by the power range neutron flux (high setting) trip signal when two
out of the four power range channels indicate a power level above a preset setpoint. This
trip function is always active.
This analysis credits the power range flux trip (low setting) for initiating the reactor trip.
15.4.1.3.2

Single Failures Assumed

No single failure in the power range flux instrumentation channels or the trip actuation logic
trains prevent the reactor trip system (RTS) from performing its protective function.
15.4.1.3.3

Operator Actions Assumed

No operator actions are credited in the analysis.
15.4.1.3.4

Chronological Description of Event

The event starts with the RCCA withdrawal insertion rate of 75 pcm/sec. The sequence of
events including times for peak neutron and heat fluxes, reactor trip, minimum departure from
nucleate boiling ratio (DNBR), and peak fuel temperatures are tabulated in Table 15.4-1.
15.4.1.3.5

Impact on Fission Product Barriers

The DNBR remains greater than the safety analysis limit, and the cladding maintains its
integrity as a fission product barrier. No additional fuel cladding failures to those assumed
during normal operation are expected.
15.4.1.4
15.4.1.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. The reactor is at hot zero power with the reactor coolant system at the no load TAVG (547ºF)
temperature.
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This condition is more conservative than a lower initial system temperature. The higher
initial system temperature yields a larger fuel-water heat transfer coefficient, larger specific
heats, and a less negative (smaller absolute magnitude) doppler coefficient, all of which
tend to reduce the doppler feedback effect and increase the resultant peak neutron flux.
B. The initial effective multiplication factor (KEFF) is 1.0. This condition maximizes neutron
flux peaking and results in the most severe nuclear power transient.
C. The initial power level (10-9 of nominal power) is below the power level expected for any
shutdown condition.
D. The maximum positive reactivity insertion rate is (75 pcm/sec) which is greater than that
for the simultaneous withdrawal of the combination of the two control banks having the
greatest combined worth at maximum speed. The combination of highest reactivity
insertion rate and lowest initial power produces the highest peak heat flux.
E. The power peak is strongly dependent on the doppler coefficient for any given reactivity
insertion rate. Therefore, conservative (low absolute) values of the doppler coefficient as a
function of temperature are used to maximize the nuclear power peak in the early part of the
transient.
F. A positive moderator temperature coefficient of +5.0 pcm/ºF at zero power is used to
maximize the peak heat flux.
The contribution of the moderator reactivity coefficient is negligible during the initial part
of the transient because the heat transfer time between the fuel and the moderator is much
longer than the nuclear flux response time. After the initial nuclear flux peak, however, the
succeeding rate of power increase is affected by the moderator reactivity coefficient.
G. The reactor trip occurs due to the power range neutron flux (low setting) trip with an
assumed setpoint of 35% of nominal. A delay time of 0.5 seconds is assumed.
The setpoint and delay conservatively account for setpoint errors, and actuation and RCCA
release delays. Previous results, however, show that the rise in the neutron flux is so rapid
that the effects of setpoint errors on the time the RCCAs are released are negligible.
H. The reactor trip insertion characteristic is based on the assumption that the highest worth
RCCA is stuck in its fully withdrawn position.
I.

The most limiting axial and radial power shapes, associated with having the two highest
combined worth sequential banks in their highest worth position are assumed.

J.

One reactor coolant pump is assumed to be in operation. The low initial flow minimizes the
DNBR during the transient.

K. Cases were analyzed for both the 422V+ and the OFA Westinghouse fuel products. The
results of the 422V+ fuel case are presented herein since the results of both cases are
similar. Further, neither case threatens to challenge the minimum DNBR limit and peak
fuel centerline temperature limit.
L. The Standard Thermal Design Procedure (STDP) is used in the analysis to determine the
minimum DNBR. Since the event is analyzed from hot zero power conditions, the steady
state non-RTDP uncertainties are not applied to the analysis initial conditions.
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15.4.1.4.2

Methodology

The analysis is performed in three stages: first, an average core nuclear power transient
calculation; second, an average core heat transfer calculation; third, a DNBR calculation.
The average nuclear power calculation is performed using a spatial neutron kinetics code,
TWINKLE (Reference 5), to determine the average power generation with time including the
various total core feedback effects, i.e., doppler and moderator reactivity. In the second
stage, FACTRAN (Reference 7) is used to calculate the thermal heat flux transient based on
the nuclear power transient calculated by TWINKLE. FACTRAN also calculates the fuel
and clad temperatures. In the final stage, the average heat flux is next used in VIPRE-01
(Reference 1) for calculation of the transient DNBR. The computer codes are described in
Section 15.0.7.
15.4.1.4.3

Acceptance Criteria

General acceptance criteria appropriate for this are:
A. An incident of moderate frequency (a Condition II event) should not generate a more
serious plant condition without other incidents occurring independently.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. Fuel integrity should be maintained by ensuring that the centerline fuel temperature is less
than its melting temperature.
The peak RCS pressure must remain less than 110% of the design pressure throughout the
transient.
Criteria A and B are explicitly evaluated in the analysis. The primary acceptance criterion is
that the minimum DNBR remains greater than the safety analysis DNBR limit defined in
Section 4.4. With respect to criterion C, overpressurization of the RCS is not the main
concern in this analysis. This is based on the fact that the total amount of excess energy
deposited in the reactor coolant is relatively small. It can be shown that the pressure
transient is much less severe than the limiting ANS Condition II overpressurization event, a
loss of external electrical load/turbine trip. Thus, the pressure transient is not explicitly
analyzed for this event.
15.4.1.4.4

Results

The calculated sequence of events is shown in Table 15.4-1. Figures 15.4-1 and 15.4-2 show
the transient behavior for the indicated reactivity insertion rate with the accident terminated
by reactor trip at 35% nominal power. This insertion rate is greater than that for the two
highest worth control banks, both assumed to be in their highest incremental worth region.
Figure 15.4-1 shows the neutron power transient.
The energy release and the fuel temperature increases are relatively small. The thermal flux
response, of interest for DNB considerations, is also shown in Figure 15.4-1. The beneficial
effect on the inherent thermal lag in the fuel is evidenced by a peak heat flux less than the
full-power nominal value. There is a large margin to DNB during the transient since the rod
surface heat flux remains below the design value, and there is a high degree of subcooling at
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all times in the core. Figure 15.4-2 shows the response of the hot spot average fuel and
cladding temperature. The average fuel temperature increases to a value lower than the
nominal full power value.
The minimum DNBR at all times remains above the safety analysis limit. The calculated
sequence of events for this accident is shown in Table 15.4-1. With the reactor tripped, the
plant returns to a stable condition. The plant may subsequently be cooled down further by
following normal plant shutdown procedures.
15.4.1.5

Radiological Evaluation

An evaluation of radiological consequences is not performed since no fuel or cladding
failures occur. Radiological consequences are negligible since fuel and clad temperatures are
less than nominal full power conditions.
15.4.1.6

Conclusions

No fuel or clad damage occurs. The core and the reactor coolant system are not adversely
affected since the DNBR remains well above the safety analysis limit.
15.4.2
15.4.2.1

UNCONTROLLED ROD CLUSTER CONTROL ASSEMBLY WITHDRAWAL AT
POWER
Description of Event

An uncontrolled rod cluster control assembly (RCCA) withdrawal at power causes an
increase in core heat flux. Since the heat extraction from the steam generator lags behind the
core heat generation rate until the steam pressure reaches the relief or safety value setpoint,
there is a net increase in reactor coolant temperature. Unless terminated by manual or
automatic action, this power mismatch and resultant coolant temperature rise would
eventually result in a departure from nucleate boiling (DNB) or an overpressurization of the
reactor coolant system. To prevent the possibility of damage to the cladding or the reactor
coolant system pressure boundary, the reactor trip system (RTS) is designed to terminate any
such transient with an adequate margin to DNB and within the applicable pressure limit.
15.4.2.2

Frequency of Event

The uncontrolled RCCA withdrawal at power is classified as an ANS Condition II event of
moderate frequency. Section 15.0.8 discusses Condition II events.
15.4.2.3

Event Analysis

The analysis of the DNB during rod withdrawal accidents is performed for a wide range of
conditions. The plant is analyzed at 10%, 60% and 100% thermal power with reactivity
insertion rates from approximately one pcm/sec to 100 pcm/sec. The extremes of moderator
and doppler feedback effects are incorporated into maximum and minimum feedback cases.
In addition, reactor and reactor coolant system (RCS) transient responses (including neutron
flux, TAVG, pressure, and DNBR) are shown for representative rapid (100 pcm/sec) and
gradual (5 pcm/sec) reactivity insertion cases.
A wide range of conditions were also considered in the rod withdrawal at power analysis for
peak RCS pressure. The limiting peak RCS pressure case was determined to be one initiated
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from 8% power with the initial pressurizer pressure equal to nominal minus uncertainty. Rod
withdrawal cases initiated from these conditions were found to result in greater peak RCS
pressures with increasing reactivity insertion rate, and to ensure the RCS pressure limit is
met, the maximum reactivity insertion rate is limited to 31 pcm/second.
15.4.2.3.1 Protective Features
The following design features provide protection for this event:
A. Reactor trip is actuated by a power range neutron flux trip signal if any two-out-of-four
channels exceed neutron flux setpoints. High and low setpoints are used depending on
whether the reactor thermal power is greater or less than approximately 8% (P-10
permissive). This function is credited for both DNB cases and peak RCS pressure cases.
B. Reactor trip is actuated if any two-out-of-four delta T channels exceed an over-temperature
delta T setpoint. The setpoint is automatically varied with axial power imbalance, coolant
temperature, and pressurizer pressure to protect against DNB.
C. Reactor trip is actuated on high pressurizer pressure to protect against overpressure of the
reactor coolant system. Credit for this function is not taken in the analysis of the DNB
cases.
D. Pressurizer safety valves may open to provide protection against overpressure of the
reactor coolant system.
E. Main steam safety valves (MSSVs) may open for this event and provide an additional heat
sink.
Additional protection is provided by the overpower delta T and the pressurizer water high
level reactor trip signals which are not credited in this analysis.
15.4.2.3.2

Single Failures Assumed

No single failure in the reactor trip system will prevent the protective action credited in this
analysis. The safety valves are considered passive components and are assumed not to fail to
open on demand. A single failure in one train of the reactor trip system is considered the
limiting failure.
15.4.2.3.3

Operator Actions Assumed

No operator actions are credited in the analysis.
15.4.2.3.4

Chronological Description of Event

The event starts with the RCCA bank withdrawal followed by reactor trip and occurrence of
the minimum DNBR or peak RCS pressure. The typical sequences of events, as
demonstrated by two representative DNB cases with rapid and gradual RCCA withdrawal
rates and the limiting peak RCS pressure case, are shown in Table 15.4-2.
15.4.2.3.5

Impact on Fission Product Barriers

The DNBR remains greater than the DNBR safety analysis limit. Therefore, no fuel cladding
failure is predicted. The reactor coolant system (RCS) pressure limits are not exceeded. The
cladding and RCS pressure boundary maintain their integrity as fission product barriers.
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No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the discharged activity in the steam relief is contained ensuring control
of radioactive materials.
15.4.2.4

Reactor Core and Plant System Evaluation

15.4.2.4.1

Input Parameters and Initial Conditions

DNB Case
A. The initial reactor thermal power, reactor coolant pressure, and reactor coolant
temperatures are at nominal values. The reactor coolant average temperature is at the
maximum end of the TAVG window (576.0F) for the full power cases. Table 15.0-8
summarizes these initial conditions including TAVG values assumed for the 10% and 60%
power cases.
B. Minimum and maximum reactivity feedback conditions are analyzed. For minimum
negative feedback, a positive (+5 pcm/ºF) moderator temperature coefficient is assumed for
cases initialized below 70% power corresponding to the beginning of core life. For
minimum reactivity feedback cases initialized at 100% power, a zero moderator
temperature coefficient is assumed. A variable doppler power coefficient with core power
is used in the analysis. A conservatively small (in absolute magnitude) value is assumed
(see Figure 15.0-2).
For maximum negative feedback, a conservatively large positive moderator density
coefficient and a large (in absolute magnitude) negative doppler power coefficient are
assumed.
C. The maximum positive reactivity insertion rate is greater than that for the simultaneous
withdrawal of the two control banks having the maximum combined worth at maximum
speed.
D. The RCCA trip insertion characteristic is based on the assumption that the highest worth
RCCA is stuck in its fully withdrawn position.
E. The reactor is tripped on high neutron flux or over-temperature delta T. Instrumentation
setpoints with maximum delay times are included in Table 15.0-5.
F. Uniform steam generator tube plugging level of 10% is assumed.
RCS Pressure Case
A. The initial NSSS power is set to 8% (10% indicated minus 2% uncertainty) of the nominal
power level. Minimum (2190 psia) and maximum (2310 psia) reactor coolant system
pressures are analyzed. The initial reactor coolant average temperature is set to a value
(553.9F) corresponding to the indicated power level of 10%.
B. Minimum reactivity feedback conditions are analyzed. For minimum negative feedback, a
positive (+5 pcm/F) moderator temperature coefficient is assumed, corresponding to the
beginning of core life and the power level assumed. A variable Doppler power coefficient
with core power is used in the analysis. A conservatively small (in absolute magnitude)
value is assumed (see Figure 15.0-2).
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C. The maximum positive reactivity insertion rate is greater than that for the simultaneous
withdrawal of the two control banks having the maximum combined worth at maximum
speed.
D. The RCCA trip insertion characteristic is based on the assumption that the highest worth
RCCA is stuck in its fully withdrawn position.
E. The reactor is tripped on high pressurizer pressure or high neutron flux. Instrumentation
setpoints with maximum delay times are included in Table 15.0-5.
F. Uniform steam generator tube plugging of 10% is assumed.
15.4.2.4.2

Methodology

This event is analyzed using RETRAN. This computer code simulates the neutron kinetics,
reactor coolant system, pressurizer, pressurizer relief and safety valves, pressurizer spray,
steam generator, and main steam safety valves. The code computes pertinent plant variables
including temperatures, pressures, and power level. RETRAN is described in Section
15.0.7.2.
DNB Case
The core limits, as illustrated in Figure 15.0-1, are used as input to RETRAN to determine the
minimum DNBR during the transient. The DNBR is based on core limits originally determined
using the Revised Thermal Design Procedure (Reference 3). Allowances for uncertainties in
the initial conditions are included in the predicted DNBR when using this method.
The effect of RCCA movement skewing the axial power distribution is normally accounted
for in the over-temperature delta T setpoint. A compensating term, which is a function of the
axial neutron flux difference, decreases the setpoint proportional to a decrease in the margin
to DNB. The axial neutron flux difference compensation is not explicitly included in the
accident analysis over-temperature setpoint calculation (see Table 15.0-6). This exclusion
causes a larger delta T to develop prior to satisfying the over-temperature delta T trip setpoint
conditions. The accident analysis trip occurs later than the corresponding plant trip for the
same conditions, which results in a more conservative (lower) prediction of the minimum
DNBR.
RCS Pressure Case
The Revised Thermal Design Procedure is not applicable for the RCS Pressure cases, and the
uncertainties associated with the initial conditions are applied in conservative directions
(Section 15.0.1).
15.4.2.4.3

Acceptance Criteria

General acceptance criteria appropriate for this Condition II event are:
A. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
B. Fuel integrity should be maintained by ensuring that the centerline fuel temperature is less
than its melting temperature.
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C. An incident of moderate frequency should not generate a more serious plant condition
without other incidents occurring independently.
D. Pressures in the RCS and main steam system should be maintained below 110% of the
design pressures.
The primary acceptance criterion is that the reactor trip system terminates the transient before
the DNBR decreases below the safety analysis DNBR limit defined in Section 4.4. Reactor
trip must also terminate the transient before the RCS overpressurizes or the pressurizer
overfills due to heat up and expansion of the reactor coolant. Overfilling must be prevented
since water discharges from the pressurizer could exceed the capacity of the pressurizer
relief tank and cause a more severe plant condition than the initiating Condition II event.
With respect to the main steam system pressure criterion, the lack of a continuing large
mismatch between the primary-side heat generation and the secondary-side heat removal
makes the RCCA withdrawal incident less limiting than the loss of external electrical load
event discussed in Section 15.2.2. Thus, no analysis was performed for maximizing the
peak main steam system pressure.
15.4.2.4.4

Results

DNB Case
The plant response to a rapid (100 pcm/sec) RCCA withdrawal incident starting at full power
with minimum feedback is shown in Figures 15.4-3 through 15.4-5. Reactor trip on high
neutron flux occurs shortly after the start of the accident. Since the flux transient is rapid with
respect to the thermal time constants of the plant, small changes in TAVG and pressure result,
and a large margin to DNB is maintained.
The plant response for a slower (5 pcm/sec) RCCA withdrawal rate at full power with
maximum feedback is shown in Figures 15.4-6 through 15.4-8. Reactor trip on overtemperature
T occurs after a longer period and the rise in temperature and pressure is consequently larger
than for rapid control rod assembly withdrawal. Again, the minimum DNBR is greater than
the safety analysis limit.
The calculated sequences of events at full power for the rapid and gradual RCCA withdrawal
incidents are given in Table 15.4-2.
Figure 15.4-9 shows the minimum DNBR as a function of reactivity insertion rate at full
power for the minimum and maximum reactivity feedback cases. It can be seen that the high
neutron flux and over-temperature delta T trip channels provide protection over the whole
range of reactivity insertion rates. The minimum DNBR is never less than the safety analysis
limit.
Figures 15.4-10 and 15.4-11 show the minimum DNBR as a function of reactivity insertion
rate for RCCA withdrawal incidents starting at 60% and 10% power respectively. The results
are similar to the 100% power case, except that as the initial power is decreased, the range
over which the over-temperature delta T trip is effective is increased. In neither case does the
DNBR fall below the DNBR safety analysis limit.
In Figures 15.4-9 through 15.4-11, the shape of the curves of minimum DNBR versus
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reactivity insertion rate are due to the reactor and reactor coolant system (RCS) transient
responses and the resulting reactor trip system (RTS) protective trips.
Figure 15.4-11 is illustrative of the plant’s DNBR response. With respect to the minimum
reactivity feedback curve, reactor trip is initiated by the high neutron flux trip for high
reactivity insertion rates (ranging between approximately 100 pcm/sec and 24 pcm/sec). The
neutron flux level in the core rapidly rises for these insertion rates, while core heat flux and
coolant temperature lag due to the thermal capacity of the fuel and the reactor coolant system
(RCS) fluid. The reactor is tripped before significant increases in heat flux or coolant
temperature occur, which results in higher minimum DNBRs during the transient. As the
reactivity insertion rate decreases within this range, the core heat flux and coolant temperatures
are more nearly in equilibrium with the neutron flux and the minimum DNBR decreases. With
a further decrease in reactivity insertion rate (at approximately 24 pcm/sec), the overtemperature delta T and high neutron flux trips become equally effective in terminating the
transient. At lower insertion rates (less than 24 pcm/sec), the effectiveness of the overtemperature delta T trip increases and the minimum DNBR values become greater. The
average temperature contribution is lead-lag compensated in the over-temperature delta T
circuit in order to offset piping and thermal capacity effects during power increases. With the
lower insertion rates, the power increase rate and coolant average temperature rise are both
slower, and the lead-lag compensation can increasingly account for the reactor coolant
system’s thermal lag.
For the maximum reactivity feedback curve in Figure 15.4-11, the rise in reactor coolant
temperature is high enough to cause the main steam safety valve (MSSV) setpoint to be
reached before trip. Opening the MSSVs, which act as an additional heat load on the RCS,
sharply decreases the rate of rise of the RCS average temperature. The decreased rate of
measured temperature rise is accentuated by the lead-lag compensation, causing the overtemperature delta T trip setpoint to be reached later, resulting in lower minimum DNBRs.
The plant response to the RCCA withdrawal case that is limiting (insertion rate of 31 pcm/sec)
with respect to RCS pressure concerns is shown in Figures 15.4-20 and 15.4-21. Reactor trip
on high pressurizer pressure occurs shortly after the start of the accident. After reactor trip, the
pressure transient turns around prior to reaching the safety analysis limit. The calculated
sequence of events for the peak RCS pressure case is provided in Table 15.4-2.
15.4.2.5

Radiological Evaluation

There are no additional fuel failures or releases of activity from the primary side. Discharge
of secondary coolant steam activities from the atmospheric relief valves (ARVs) or MSSVs
may occur for this event. The doses to unrestricted areas are minor and only a small fraction
of 10 CFR 50.67 guidelines.
15.4.2.6

Conclusions

For the DNB concern, the power range neutron flux and over-temperature delta T trip
channels provide adequate protection over the entire range of reactivity insertion rates.
These trips ensure that the DNBR is always greater than the safety analysis limit. For very
slow transients, the pressurizer water high level channels will cause a reactor trip before the
over-temperature delta T trip channels to prevent the pressurizer from overfilling and
becoming water solid. For the RCS pressure concern, the high pressurizer pressure reactor
trip and the pressurizer safety valves provide the protection necessary to ensure the RCS
pressure remains below the safety analysis limit.
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15.4.3

STARTUP OF AN INACTIVE REACTOR COOLANT LOOP

15.4.3.1

Description of Event

Operation of the plant with an inactive loop causes reversed flow through the inactive loop
due to the pressure difference across the reactor vessel. The cold leg temperatures of the
inactive and active loops are equal. If the reactor is operated at power with an inactive loop
and with the secondary side of the inactive steam generator unisolated, there is a temperature
drop
across the steam generator in the inactive loop. With the reverse flow, the hot leg temperature
of the inactive loop is lower than the core inlet temperature. The re-start of the idle reactor
coolant pump, without bringing the loop temperature closer to the average temperature,
would result in the injection of cooler water into the core. Since the moderator temperature
coefficient can be negative, the resulting feedback can cause a subsequent increase in reactor
power.
15.4.3.2

Frequency of Event

Startup of an inactive reactor coolant loop is classified as an ANS Condition II event of
moderate frequency. Section 15.0.8 discusses Condition II events.
15.4.3.3

Event Analysis

The plant is analyzed at 8.5% of full power since operation above this power with one
inactive loop is prohibited by the plant Technical Specifications. The analysis is performed
using conservative assumptions to demonstrate that the resulting power transient due to
startup of the inactive reactor coolant pump is neither severe nor requires a trip of the
reactor.
This event was not re-analyzed as the result of changes due to the 18-month fuel cycle (see
Section 15.4.3.4.5).
15.4.3.3.1

Protective Features

The power range neutron flux (low setting) trip provides protection against a positive reactivity
excursion from low power conditions such as this event. The reactor trip system (RTS) is
actuated when two out of the four power range channels indicate a power level above
approximately 25%.
The power range neutron flux (low setting) setpoint used in safety analysis (35% power) is
greater than the maximum power conditions for this event; therefore, specific RTS protective
actions are not credited in the analysis.
15.4.3.3.2

Single Failures Assumed

No single failure in the power range neutron flux instrumentation channels or the trip
actuation logic trains prevents the RTS from performing a protective function.
15.4.3.3.3

Operator Actions Assumed

No operator actions are credited in this analysis.
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15.4.3.3.4

Chronological Description of Event

The plant is initially at steady state, low power conditions with one reactor coolant pump
running. The second reactor coolant pump is started. Reactor coolant flow instantaneously
increases to nominal full flow conditions. The resulting power transient, due to the
introduction of the cooler reactor coolant, is analyzed for approximately forty seconds during
which time the power peaks and the reactor returns to a stable condition.
15.4.3.3.5 Impact on Fission Product Barriers
The DNBR remains greater than the 95/95 DNBR limit for the limiting fuel rods. Reactor
coolant system (RCS) pressure is expected to remain near nominal values. The cladding and
RCS pressure boundary maintain their integrity as fission product barriers.
15.4.3.4
15.4.3.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. The plant is operating at a low power level of 130 MWt with one reactor coolant pump
running.
B. A high heat transfer coefficient between the primary and secondary system is used for the
inactive loop. This condition causes the temperature of the water in the inactive loop from
the steam generator plenum to the reactor exit plenum to be essentially at the saturation
temperature on the secondary side.
C. The core power to flow ratio is taken to be constant at the normal loop operational value.
D. The secondary side pressure corresponds to the above core power.
E. The cold leg of the active loop is conservatively 20ºF greater than the hot leg of the inactive
loop, which is at the steam generator saturation temperature at the beginning of the
transient. The actual temperature difference is smaller since the reactor is operating at
power.
F. On starting, the idle pump accelerates to full flow instantaneously, i.e., no slip, and the time
to accelerate the pump and coolant is zero.
G. The delay before the slug of cold coolant reaches the inlet to the reactor core is taken as 4.0
seconds. The slug lasts 15 seconds. The cold water entering the reactor plenum chamber is
assumed to mix with the water coming from the active loop.
H. A low doppler coefficient of -1.0 pcm/ºF is assumed in order to minimize the negative
reactivity feedback from the fuel with increasing power and fuel temperature.
I.

A maximum negative moderator coefficient of –35 pcm/ºF is assumed. This assumption
conservatively maximizes the reactivity feedback resulting from the introduction of cooler
moderator into the core.

J.

The coolant temperature exiting from both steam generators is the same after the cold water
slug.

15.4.3.4.2

Methodology

This analysis uses an analog simulation of the plant to determine the transient response to the
introduction of cooler coolant and increased flow to the core.
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A detailed DNB analysis is not performed. Instead, an adequate DNBR is demonstrated by
verifying that the core response (TAVG, pressurizer pressure and reactor power) does not

exceed the reactor core safety limits defined in the Technical Specifications. This approach is
used since the core power is appreciably below the setpoint (35% typically in safety
analyses) for the power range neutron flux (low setting); reactor coolant flow and pressurizer
pressure are near their nominal full power values during the transient; TAVG is less than full
power conditions during and after the transient. The ability to demonstrate the core safety
limits are bounding ensures that the DNBR 95/95 limit is met for the limiting fuel rods.
Because the power level is well below nominal full power conditions, there is ample margin
available to offset miscellaneous DNBR penalties described in Section 4.4.3.
15.4.3.4.3

Acceptance Criteria

General acceptance criteria appropriate for this Condition II event are:
A. Pressure in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An incident of moderate frequency should not generate a more serious plant condition
without other incidents occurring independently.
The primary acceptance criteria are that TAVG, core thermal power, and pressurizer pressure
remain bounded by the reactor core safety limits, which ensures the DNBR criterion is met.
Primary and secondary side pressure limits are not approached since TAVG decreases during
the transient.
15.4.3.4.4

Results

The transient responses are shown in Figures 15.4-12 through 15.4-15. Figure 15.4-12 shows
that the buildup in nuclear power is slow. Figure 15.4-14 shows the decrease in core inlet
temperature following startup of the inactive loop, reversal of flow, and introduction of the
cold coolant. The effects of the flow of cold coolant on TAVG and pressurizer pressure are
shown in Figures 15.4-13 and 15.4-15. The cold water flow is taken to last 15 seconds after
the initial 4-second transient delay and accounts for the initial drop in TAVG and pressurizer
pressure.
The results show that the power and temperature excursions are not severe for an initial 20ºF
change in coolant temperature across the inactive loop. The increase in thermal power
(Figure 15.4-12) and reductions in TAVG and pressure (Figures 15.4-13 and 15.4-15) result in
plant conditions that are well within the core safety limits.
The temperature change due to startup of an inactive loop is expected to be less than the
nominal value used in the analysis. In addition, consideration of actual pump performance is
expected to result in a more gradual, less severe transient. For example, the time constant of
the pump is more realistically about 10 seconds versus the instantaneous change in flow
assumed in the analysis.
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The effects of startup of an inactive coolant loop are less severe than the effects of a small
steam line break with one loop operable, originally analyzed by Westinghouse and reported in
Reference 4. To accommodate the steam line break (and hence the startup of an inactive
loop), the Technical Specifications require that a higher shutdown margin be maintained for
one-loop operation.
15.4.3.4.5

Effect of 18 Month Fuel Cycle Changes

Technical evaluations were performed of the effects resulting from conversion to the 18month fuel cycle. The evaluation (Reference 12) included consideration of the replacement
steam generators, use of the Revised Thermal Design Procedure to determine the core design
DNBR limit value, the extension of the full power TAVG operating window to lower
temperatures, and the use of an increased nuclear enthalpy rise hot channel factor in core
design. The evaluation determined that the analysis results are unaffected by these changes.
15.4.3.5

Radiological Evaluation

An evaluation of radiological consequences is not performed since no fuel or additional
cladding failures occur. Plant conditions during the transient are bounded by full power
operation.
15.4.3.6

Conclusions

The peak power during the transient is a small fraction of full thermal power. The power
range high neutron flux (low setting) setpoint typically assumed in safety analyses is not
reached during the transient. The resulting TAVG from this transient is less than the full
power TAVG, and the pressure does not change significantly from nominal full power
conditions. The transient response is well bounded by normal full power operation.
15.4.4
15.4.4.1

CHEMICAL AND VOLUME CONTROL SYSTEM MALFUNCTION
Description of Event

Reactivity can be added to the core by feeding unborated, primary grade water into the reactor
coolant system (RCS) via the reactor makeup water portion of the chemical and volume
control system. The normal dilution procedures call for a limit on the rate and magnitude for
any dilution under strict administrative controls. Boron dilution is a manual operation. A
boric acid blend system allows the operator to match the concentration of reactor coolant
makeup water to that existing in the coolant. The chemical volume and control system is
designed to limit, even under various postulated failure modes, the potential rate of dilution to
a value that provides the operator with sufficient time to identify and terminate dilution.
There is only a single common source of reactor makeup water to the RCS from the reactor
makeup water system, and isolating this source can terminate inadvertent dilution. The
operation of the reactor makeup water pumps is required to supply makeup water to the
chemical volume and control system. The charging pumps and the reactor makeup water
pumps must be running to add this makeup water to the reactor coolant system (RCS).
The rate at which unborated makeup water is added is limited by the capacity of the reactor
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makeup water pumps. The limiting rate is 120 gpm with both makeup pumps running (60
gpm each). For unborated water to be delivered at this rate to the RCS at pressure, two
charging pumps must be operated at full speed. Normally, two charging pumps are operating
at half speed, while the third pump is idle.
The boric acid from the boric acid storage tank is blended with the reactor makeup water in
the blender and the composition is determined by the preset flow rates of boric acid and
reactor makeup water on the reactor makeup control. Two separate operations are required to
inadvertently dilute the reactor coolant system. First, the operator must switch from the
automatic makeup mode to the dilute mode. Second, the start switch must be turned.
Omitting either step would prevent dilution. This makes the possibility of inadvertent
dilution very small.
Information on the status of the reactor coolant makeup is continuously available to the
operator. Lights are provided on the control board to indicate the operating condition of
pumps in the chemical volume and control system. Alarms are actuated to warn the operator
if boric acid or demineralized water flows deviate from preset values as a result of system
malfunction.
To cover all phases of plant operation, boron dilution during refueling (MODE 6), cold
shutdown (MODE 5), startup (MODE 2), and power operation (MODE 1) are analyzed. In
addition, several single failure paths are considered while the plant is on residual heat removal,
which addressed the concern of Reference 21.
15.4.4.2

Frequency of Event

Inadvertent dilution of the reactor coolant boron concentration due to chemical volume and
control system malfunctions is classified as an ANS Condition II event of moderate
frequency. Section 15.0.8 discusses Condition II events.
15.4.4.3

Event Analysis

Refueling, cold shutdown, startup, and power operation (in automatic and manual control) are
considered (References 17 and 18). Initiating events, plant parameters and consequences are
mode-dependent and are identified in the analysis of each postulated dilution event. The
effects of the Extended Power Uprate are included.
15.4.4.3.1

Protective Features and Single Failures Assumed

Various protective trips, indications, and alarms are credited depending on the boron dilution
event.
15.4.4.3.1.1

Reactor in Mode 1 or Mode 2

The following reactor trip functions provide protection for this event:
1. Reactor trip if any two-out-of-four delta T channels exceed an over-temperature delta T
setpoint.
2. Reactor trip by a power range neutron flux trip signal if any two-out-of-four channels
exceed neutron flux setpoints. High and low setpoints are used depending on reactor
thermal power.
3. Reactor trip by an intermediate range neutron flux trip signal when either of two
Page 132 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

independent intermediate range channels indicates a flux above a pre-selected, manually
adjustable setpoint.
No single failure in the reactor trip system will prevent the protective action credited in this
analysis. A single failure in one train of the reactor trip system is considered the limiting failure
when critical.
Applicable indications and alarms prior to reaching a trip setpoint include:
1. Axial flux difference alarms with the reactor in automatic control above approximately
15% power
2. Over-temperature delta T alarms
3. Over-temperature delta T turbine runback (turbine latched)
4. Control rod insertion limits low and low-low alarms with rod control in automatic in
MODE 1.
15.4.4.3.1.2

Reactor in MODES 3 to 6

Source range neutron flux instrumentation provides indication to the operator when the
reactor is in MODES 3 to 6 and at the beginning of MODE 2. Indication and alarms derived
in each of two independent channels include:
1. High flux at shutdown alarm
2. Audible count rate (selected to one channel)
3. Indicated source range neutron flux
The source range channels do not provide a reactor protective trip for boron dilution events;
however, their monitoring function is credited in the safety analyses for indication of
reactivity changes resulting from boron dilution.
15.4.4.3.1.3

Indication and Alarms

System status indication and alarms on the main control board for chemical volume and
control system and the reactor makeup water system for detection of potential boron dilution
events include:
1. Indication of boric acid and blended flow rates
2. Deviation alarms if blended or boric acid flow rates deviate from preset ranges
3. Indication of pump running status for chemical volume and control system and the reactor
makeup water systems
15.4.4.3.2

Operator Actions Assumed

The event analyses require the operator to terminate the transients by isolating the source of
flow causing the boron dilution. The minimum time intervals that must be available to the
operator to identify the cause and terminate the dilution before a loss of shutdown margin
occurs are calculated from the time the dilution begins. The calculated time intervals must be
greater than or equal to 30 min for refueling events and greater than or equal to 15 min for all
other plant operating modes. The operator is then expected to re-establish boron
concentrations and shutdown margins required by the Technical Specifications.
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15.4.4.3.3

Chronological Description of Event

The sequence of events depends on the plant condition at the time of the unplanned or
inadvertent coolant dilution. Each event starts with an initiating dilution flow and proceeds to
a final or limiting diluted boron concentration. Additional details are described in the event
analyses.
15.4.4.3.4

Impact on Fission Product Barriers

The boron dilution events at power are characterized by the gradual addition of positive
reactivity. These events are bounded by the uncontrolled RCCA withdrawal at power events
analyzed in Section 15.4.2 which determined that the fuel cladding and RCS pressure boundary
maintain their integrity as fission product barriers. For all other dilution events not at power,
fuel cladding and pressure boundary integrity are maintained since boron dilution can be
terminated before the core can become critical. When the reactor vessel is open for refueling,
overpressurization is not a concern regardless of any dilution event.
15.4.4.4
15.4.4.4.1

Reactor Core and Plant System Evaluation
Methodology

Boron dilution analyses are performed to cover all phases of plant operation. For boron
dilution events at power, the reactivity insertion rate due to boron dilution is compared to the
insertion rates used in the RCCA withdrawal at power in Section 15.4.2. The analyses in
Section 15.4.2 were performed for a wide range of power, core feedback, and reactivity
insertion conditions. The core response and consequences from boron dilution at power are
bounded if the reactivity insertion rates fall within the analyzed ranges in Section 15.4.2.
Boron dilution events occurring when the reactor is not at power are analyzed by determining
boron concentration as a function of time until shutdown margin is lost or the supply of diluting
fluid is exhausted. The time to the loss of shutdown margin is then compared to the
acceptance criteria times for the operator to perform corrective actions.
Two types of dilution processes are considered depending on the initiating event and reactor
mode:
1. Batch processes where fluid is added and the volume increases, and
2. Continuous processes where the rates of fluid addition and removal are the same.
Density corrections are used in the continuous dilution processes when the RCS and source of
dilution differ in temperature and pressure. Conservative initial and critical (final) boron
concentrations are used to minimize the amount of boron that must be removed to lose shutdown
margin. Maximum flow rates are used in order to maximize dilution rates.
15.4.4.4.2

Acceptance Criteria

General acceptance criteria for this Condition II event are:
A. Pressures in the reactor coolant and main steam systems must be maintained below 110% of
the design pressures.
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B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An incident of moderate frequency must not generate a more serious plant condition without
other faults occurring independently.
D. The operator must have available 30 minutes during refueling and 15 minutes for all other
modes to terminate dilution.
The specific criteria used for the boron dilution at power event require that the reactivity
insertion rates be bounded by the RCCA withdrawal at power in Section 15.4.2, and the
operator must have at least 15 minutes to terminate dilution. For dilution events not at power,
the operator must have sufficient time as defined above to stop the transient before criticality is
reached and a potentially worse plant condition occurs.
15.4.4.4.3

Dilution During Refueling (MODE 6)

The refueling (MODE 6) dilution analysis assumes the reactor coolant is at a low level up to
the midplane of the vessel nozzles. The minimum boron concentration assumed in the
analysis is based on a ratio of initial boron concentration to critical boron concentration and
is cycle specific. Periodic sampling ensures the concentration is maintained.
The valves on the suction side of the charging pumps (i.e., from the volume control tank) are
adjusted to maintain refueling water boron concentration by the addition of concentrated
boric acid solution. Administrative procedures limit the charging flow to one pump (with two
pumps locked out) during refueling. The maximum dilution occurs if two charging pumps
are inadvertently operated at full flow while aligned to the reactor makeup water system.
During refueling, the operator has prompt and definite indication of any boron dilution from
the audible count rate derived from the source range BF3 detector instrumentation. The count
rate increases exponentially as the reactor approaches criticality. In addition to audible count
rate, high count rate is alarmed in the main control room.
15.4.4.4.3.1

Input Parameters and Initial Conditions

A. The reactor coolant system (RCS) pressure is 14.7 psia and temperature is 140ºF. The reactor
makeup water is initially 40ºF, which maximizes the effect of the diluting volume added to
the RCS.
B. One residual heat removal pump is running with cross-ties open to ensure continuous,
uniform mixing of the coolant in the reactor vessel.
C. A minimum RCS water volume of 2041 ft3 is used. This value corresponds to the volume
of the residual heat removal system with cross-ties open and the reactor vessel filled to the
nozzle midplane.
D. The maximum dilution flow of unborated water is 120 gpm. This condition requires the
inadvertent operation of two charging pumps to supply the maximum possible flow from
the reactor makeup water system.
E. The minimum ratio of initial boron concentration over the critical boron concentration is
1.2914.
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F. Valve 289 in the seal injection flowpath to the reactor coolant pumps is closed. This
condition results in the maximum amount of dilution since the entire charging (diluting)
flow goes to the vessel.
15.4.4.4.3.2

Results

The dilution of the refueling water takes greater than 30 minutes. This period is ample time
for the operator to recognize the audible high count rate signal and isolate the reactor makeup
water source by closing valves and stopping the reactor makeup water pumps.
15.4.4.4.4

Dilution During Cold Shutdown (MODE 5)

A plant-specific evaluation of the boron dilution event during cold shutdown was performed.
This evaluation is based upon the operating procedure outlined in Reference 2. The operating
procedure is based upon a generic boron dilution analysis assuming active RCS and RHR
volumes which are consistent with respect to Ginna. Additionally, the operating procedure
accommodates mid-loop cold shutdown operation. The operating procedure is applicable for
maximum dilution flow rates up to 300 gal/min and minimum RHR flow rates of 1000 gal/
min. Current plant procedures require one reactor makeup water pump to be secured when no
reactor coolant pumps are running, limiting the maximum dilution flow rate to 120 gal/min.
In the event of a boron dilution accident during plant shutdown, use of the operating
procedure provides the plant operator with sufficient information to maintain an appropriate
boron concentration to conservatively assure at least 15 min will be available for operator
action to terminate the dilution prior to the reactor reaching a critical condition.
15.4.4.4.5

Dilution at Startup (MODE 2)

The reactor is at hot zero power (HZP) conditions in MODE 2 when unborated reactor
makeup water is unintentionally added to the RCS via the operation of two charging pumps.
This event can only occur if the reactor makeup water system is aligned to the charging pump
suction header due to multiple valve lineup problems in the chemical volume and control
system.
15.4.4.4.5.1

Input Parameters and Initial Conditions

A. The RCS is at nominal hot zero power (HZP) conditions of 2250 psia and 547ºF. The
reactor makeup water is initially 40ºF.
B. The maximum unborated dilution flow is 120 gpm.
C. The volume of reactor coolant is 5123 ft3. This is the volume of the RCS excluding the
pressurizer and surge line. This volume assumes 10% steam generator tube plugging.
D. The critical boron concentration is 1800 ppm with all but the most reactive RCCA inserted.
The use of a boron concentration greater than the actual critical boron concentration
conservatively reduces the dilution transient time.
E. The minimum change in boron concentration from a condition of HZP, no xenon, with all
but the most reactive RCCA inserted in the core to a condition of HZP, no xenon, with all
RCCAs at their insertion limits is 200 ppm.
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F. Based on (D) and (E), the minimum initial boron concentration is 2000 ppm.
15.4.4.4.5.2

Results

The time to reduce the reactor coolant boron concentration from 2000 ppm to 1800 ppm is
about 25 minutes. Once again, this time is adequate for the operator to terminate dilution
flow.
15.4.4.4.6

Dilution at Power (MODE 1)

For dilution at power, the time to lose shutdown margin must be long enough to allow
identification of the problem and terminate dilution. Boron dilution, however, starts before the
operator can detect dilution at power. The times necessary for detection must be considered
because they decrease the time available to the operator to start corrective actions before
reaching minimum concentration limits.
As noted in Section 15.4.4.3.2, there must be at least 15 min from the initiation of the event
until plant shutdown margin is lost. For conservatism, the Mode 1 calculations calculate the
time from reactor trip until shutdown margin is lost for manual rod control, and time from the
lo-lo rod insertion alarm until shutdown margin is lost for automatic rod control. For all other
modes, the time is from initiation of the event.
For this event, the effective reactivity addition rate is a function of the reactor coolant
temperature and boron concentration. The reactivity insertion rate is based on conservative
values for the expected boron concentration at power and for the charging flow. Again, the
reactor makeup water system is assumed to be unintentionally aligned to the charging pumps
through the chemical volume and control system.
15.4.4.4.6.1

Input Parameters and Initial Conditions

A. The initial coolant average temperature is 580F (high TAVG of 576F + 4ºF uncertainty).
The initial pressurizer pressure is 2250 psia. The reactor makeup water is initially 40ºF.
This set of initial conditions minimizes the boron dilution times.
B. A conservatively high charging flow of 127 gpm is used.
C. The volume of reactor coolant is 5123 ft3 and includes the active RCS as described in
Section 15.4.4.4.5.
D. The critical boron concentration is 1800 ppm. This value is for hot zero power (HZP), no
xenon, and all RCCAs inserted except for the most reactive RCCA.
E. The reactor has all rods out at the full power insertion limits in either automatic or manual
control.
F. The minimum change in boron concentration from a condition of HZP with all RCCAs
inserted except for the most active RCCA out of the core to a condition of hot full power
(HFP) with all RCCAs at their insertion limits is 300 ppm.
G. A conservative boron concentration of 2100 ppm at power is assumed, following from (D)
and (F).
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15.4.4.4.6.2

Results

With the reactor in manual control and no operator action taken to terminate the transient, the
increase in power and temperature cause the reactor to reach a reactor trip setpoint (i.e., overtemperature delta T or high nuclear flux). After reactor trip, which occurs at approximately
three minutes into the transient, the operator has more than 15 minutes to stop dilution before
the reactor returns to criticality. With the reactor in manual control, the boron dilution
transient is essentially equivalent to an uncontrolled rod withdrawal at power. The maximum
reactivity insertion rate for a boron dilution transient is conservatively 2.4 pcm/sec, which is
within the range of insertion rates analyzed for the uncontrolled RCCA withdrawal at power
in Section 15.4.2. Prior to the reactor trip, the operator will have received alarms on overtemperature delta T and turbine runback.
With the reactor in automatic controla, a boron dilution will result in a power and temperature
increase such that the rod control system will attempt to compensate by the slow insertion of
the control rods. This action will result in rod insertion limit and axial flux alarms. The
minimum time to the complete loss of shutdown margin after the alarms is greater than 15
minutes at beginning-of-life. The time is significantly longer at the end-of-life due to the lower
critical boron concentration needed to make the core subcritical.
15.4.4.4.7

Dilution from a Single Failure While in Residual Heat Removal Mode Inadvertent Draining of the Spray Additive Tank.

A review (Reference 13) of system flow diagrams and testing procedures for the containment
sprays pumps and eductors determined there is no single failure or operator error that could
result in introducing sodium hydroxide into the residual heat removal system; therefore, a
boron dilution event via this path is not considered possible.
15.4.4.4.8

Dilution from a Single Failure While in Residual Heat Removal Mode (MODE
5) -Boron Dilution from the Reactor Coolant Drain Tank.

The contents of the reactor coolant drain tank are normally pumped to the waste holdup tank
or the chemical volume and control system holdup tanks for processing. One manual valve
on the outlet side of each reactor coolant drain pump separates the pump discharge from the
residual heat removal system. If one of these valves is inadvertently opened (single failure)
the flow from the reactor coolant drain tank would be split between the normal flow path and
the residual heat removal system depending on the head difference between the two discharge
points. The worst-case dilution occurs if the entire contents of the reactor coolant drain tank
are pumped into the residual heat removal system.
15.4.4.4.8.1

Input Parameters and Initial Conditions

A. The reactor coolant drain tank is completely full with 350 gal of unborated water.

a.

This event has been evaluated relative to the deletion of the automatic rod withdrawal feature in the rod
control system. The evaluation determined that the results presented herein are conservative and remain
valid.
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B. The reactor is in cold shutdown at 2.45% (delta k)/k. The cold shutdown boron concentration
is initially 1655 ppm with all RCCAs inserted except for the most active RCCA stuck out of
the core.
C. The RCS is on residual heat removal with the water level drained down to the midplane of
the nozzles. The reactor coolant volume available for dilution is 2000 ft3.
D. Boron worth at cold shutdown is 90 ppm/(% delta k)/k.
15.4.4.4.8.2

Results

The resulting dilution is small due to the relatively small volume of the reactor coolant drain
tank compared to the volume of water in the reactor vessel. Dilution is terminated when the
volume of water in the reactor coolant drain tank is depleted. This dilution event results in a
reactivity insertion of less than 0.5% (delta k)/k.
15.4.4.4.9

Dilution from a Single Failure While in Residual Heat Removal Mode (MODE
5) -Boron Dilution Due to Resin Changing in the Purification System.

A postulated boron dilution event could occur during the changing of resins in the reactor
coolant purification system as follows:
1. The “B” deborating demineralizer is lined up for normal operation with the inlet valve
closed. The “A” deborating demineralizer is being lined up to flush its resins.
2. The resin outlet valve on the “B” deborating demineralizer is inadvertently opened (single
failure).
3. When the “A” deborating demineralizer resin outlet valve is opened, a flow path is made
from the reactor makeup water system to the “A” deborating demineralizer through the “B”
demineralizer to the normal low-pressure letdown system to the residual heat removal
system.
The resin flush procedure requires the operator to monitor the radioactivity through the “A”
deborating demineralizer resin outlet valve and secure the reactor makeup water when the
activity reduces to near background. Therefore, the dilution event would be terminated when
the resin is flushed from the “A” deborating demineralizer. Failure to secure the reactor
makeup water would be a second failure which is beyond the scope of this analysis.
Nonetheless, this dilution incident has been analyzed to determine the margins available.
In addition to the audible source range signal, the operator has loop levels indicators to aid in
detection of this dilution event. The level indicators are installed in the control room
whenever the RCS is operating on residual heat removal with the loops partially drained (see
Section 5.4.5.4.3).
15.4.4.4.9.1

Input Parameters and Initial Conditions

A. The reactor is in cold shutdown at 2.45% (delta k)/k with an initial boron concentration of
1655 ppm.
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B. The RCS is on residual heat removal with the water level drained down to the midplane of
the nozzles. The reactor coolant volume available for dilution is 2000 ft3.
C. The design flow of one reactor makeup water pump is used as the diluting flow rate, 60
gpm.
D. Boron worth at cold shutdown is 90 ppm/(% delta k)/k.
E. A dilution time of 10 minutes is assumed.
F. The critical boron concentration is 1328 ppm for a cold core, beginning of life, with all but
the most reactive RCCA inserted.
15.4.4.4.9.2

Results

After 10 minutes of flushing, the volume of water in the “A” deborating demineralizer would
have been changed approximately three times. By this time, the activity in the resin outlet
valve would have returned to near background and the source of dilution water secured. Less
than 0.71% (delta k)/k would be added through dilution during this period, and the shutdown
margin requirement in the Technical Specifications for one loop in operation can still be met.
If it is assumed that the source of dilution is not secured, it would take 61 minutes of dilution
before the reactor could go critical. This is ample time for the operator to recognize the
audible change in the source range count rate signal and the increase in the RCS loop level
and isolate the source of dilution.
15.4.4.4.10 Dilution from a Single Failure While in Residual Heat Removal Mode (MODE
6) -Boron Dilution from Reactor Coolant Drain Tank After Refueling.
A postulated boron dilution could occur following refueling (MODE 6) when the fuel transfer
canal is washed down using demineralized water. This scenario is similar to Section
15.4.4.4.9 except the reactor coolant drain tank is refilled with demineralized water. If a valve
on the outlet side of the reactor coolant drain tank pump is inadvertently left open, the
flow would split (depending on head difference) between the waste holdup tank and the
residual heat removal system. Again, the worst-case dilution occurs if the entire flow goes into
the residual heat removal system.
15.4.4.4.10.1

Input Parameters and Initial Conditions

A. The RCS is on residual heat removal with the water level drained down to the midplane of
the nozzles. The reactor coolant volume is initially 2000 ft3.
B. The initial boron concentration is 2300 ppm (the minimum concentration required for
refueling (MODE 6) by the Technical Specifications).
C. The critical boron concentration is 1330 ppm with all RCCAs in the core during refueling.
D. The dilution flow is 150 gpm based on the larger of the two reactor coolant drain tank
pumps.
15.4.4.4.10.2

Results

Greater than 50 minutes of continuous dilution would be required before the reactor could go
critical. In addition, the volume of water in the RCS is increased more than 50%. This is
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ample time for the operator to isolate the source of dilution after recognizing the change in the
audible source range count rate signal or the increase in the RCS loop level.
15.4.4.5

Radiological Evaluation

Dilution events at power are similar to a gradual rod withdrawal at power. The radiological
consequences are bounded by the minor doses at the exclusion area boundary (EAB) assessed
in Section 15.4.2. For all other dilution events, radiological consequences are negligible
since boron dilution is terminated before the reactor becomes critical.
15.4.4.6

Conclusions

An erroneous dilution is considered highly unlikely because boration processes are controlled
by plant procedures and administrative controls. Nevertheless, if an unintentional dilution of
boron in the reactor coolant system occurs, numerous alarms and indications are available to
alert the operator to the condition. The reactivity addition is gradual enough to allow the
operator adequate time to recognize and terminate the dilution before all shutdown margin is
lost.
15.4.5
15.4.5.1

RUPTURE OF A CONTROL ROD DRIVE MECHANISM HOUSING - ROD
CLUSTER CONTROL ASSEMBLY EJECTION
Description of Event

In order for this accident to occur, a rupture of the control rod drive mechanism housing must
be postulated creating a full system pressure differential acting on the drive shaft. The
resultant core thermal power excursion is limited by the doppler reactivity effect of the
increased fuel temperature and terminated by a reactor trip actuated by power range flux trip
signals.
A failure of a control rod drive mechanism housing which allows a rod cluster control assembly
(RCCA) to be rapidly ejected from the core is not considered credible for the following
reasons:
A. Each control rod drive mechanism housing is completely assembled and shop-tested per the
requirements of the ASME Code, and subjected to inservice leak checks during plant start
up.
B. The mechanism housings are individually hydrotested at 3105 psig as they are installed on
the reactor vessel head to the head adapters and checked during the hydrotest of the
completed reactor coolant system (RCS).
C. Stress levels in the mechanism are not affected by system transients at power or by the
thermal movement of the coolant loops. Moments induced by the design-basis earthquake
can be accepted within the allowable primary working stress range specified by the ASME
Code, Section III, for Class A components.
D. The latch mechanism housing and rod travel housing are each a single length of forged type
304 stainless steel. This material exhibits excellent notch toughness at all temperatures that
will be encountered. The joints between the latch mechanism housing and rod travel housing
are threaded joints reinforced by canopy-type rod welds.

Page 141 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

15.4.5.1.1

Nuclear Design

Even if a rupture of a control rod drive mechanism housing is postulated, the use of chemical
shim inherently limits the severity of an ejected RCCA. In general, the reactor is operated
with the RCCAs inserted only far enough to permit load follow. Reactivity changes caused
by core depletion and xenon transients are compensated for by boron changes. Further, the
location and grouping of RCCA banks are selected during the nuclear design to lessen the
severity of a RCCA ejection accident. Therefore, should a RCCA be ejected from its normal
position during full power operation, only a minor reactivity excursion, at worst, is expected.
However, it may be occasionally desirable to operate with larger than normal insertions. For
this reason, a rod insertion limit is defined as a function of power level. Operation with the
RCCAs above this limit guarantees adequate shutdown capability and acceptable power
distribution. The position of all RCCAs is continuously indicated in the control room. An
alarm will occur if a RCCA bank approaches its insertion limit or if one RCCA deviates
from its bank. Operating instructions require boration at the low and low-low level alarms.
15.4.5.1.2

Effects on Adjacent Housings

Disregarding the remote possibility of the occurrence of a control rod drive mechanism
housing failure, investigations have shown that failure of a housing due to either longitudinal
or circumferential cracking would not cause damage to adjacent housings. However, even if
damage is postulated, it would not be expected to lead to a more severe transient since
RCCAs are inserted in the core in symmetric patterns, and control rods immediately adjacent
to the worst ejected rods are not in the core when the reactor is critical. Damage to an
adjacent housing could, at worst, cause the RCCA not to fall on receiving a trip signal;
however, this is already taken into account in the analysis by assuming a stuck rod is
adjacent to the ejected rod.
15.4.5.2

Frequency of Event

This event is classified as an ANS Condition IV limiting fault. Due to the extremely low
possibility of a RCCA ejection accident, some fuel damage could be considered an acceptable
consequence. Section 15.0.8 discusses Condition IV limiting faults.
15.4.5.3

Event Analysis

The four cases analyzed cover the range of possible initial reactor conditions to assure
conservative predictions of possible fuel damage
Case (1) Beginning of Life, Full Power
Case (2) Beginning of Life, Zero Power
Case (3) End of Life, Full Power
Case (4) End of Life, Zero Power
15.4.5.3.1

Protective Features

The following protective features are available for this event:
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A. For the zero power case, reactor trip is actuated by the power range neutron flux low trip
signal when two out of the four power range channels indicate a power level above
approximately 25%. This setting is manually blocked when increasing power (in
conjunction with the P-10 permissive) and is automatically reinstated when power
decreases below the approximately 8% (P-10 permissive).
B. For the full power case, reactor trip is actuated by the power range neutron flux high trip
signal when two out of the four power range channels indicate a power level above
approximately 108%. This trip function is always active.
The power range high flux trip low and high settings is the only automatic reactor trip
credited in this analysis.
15.4.5.3.2

Single Failures Assumed

No single failure in the power range flux instrumentation channels or the trip actuation logic
trains will prevent the reactor trip system from performing its protective function or adversely
affect the consequences of this accident.
15.4.5.3.3

Operator Actions Assumed

No operator actions are assumed in this analysis; however, the operator is expected to follow
appropriate mitigation procedures if the reactor depressurizes due to the failed control rod
drive housing.
15.4.5.3.4

Chronological Description of Event

Table 15.4-4 gives the sequence of events for the RCCA ejection accident for all four cases:
beginning of life full and zero power, and end of life full and zero power.
15.4.5.3.5

Impact on Fission Product Barriers

Limited cladding damage may occur during a RCCA ejection accident. The maximum
enthalpy addition to the fuel pellets is insufficient to cause the prompt rupture of the fuel and
the immediate mechanical failure of the cladding. The fuel and cladding damage is minimal
and core cooling geometry is maintained. Although prompt fuel rupture does not occur, the
nuclear heat flux can exceed the amount required to cause localized DNB for less than 10% of
the fuel rods. For these rods, cladding perforations are assumed with the consequential
release of fission product gap activity to the reactor coolant.
The RCS pressure boundary integrity can be violated because the ejection of an RCCA and
failure of the drive housing can result in a small break (approximately 2 in2) in the reactor
vessel head. The pressure transient caused by the power excursion remains less than the
faulted condition permitted by the ASME Boiler and Pressure Vessel Code, Section III (even
with no credit for pressure relief through the break area). The pressure rise does not result in
additional damage to the pressure boundary. The pressure boundary function, although
potentially lost at the vessel, remains intact in the steam generators. Thus, the steam
generator tubes can serve as a fission product barrier against the transport of activity to the
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secondary side of the steam generators during the transient. The containment system remains
available as a barrier for the activity released through the failed housing.
15.4.5.4
15.4.5.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. For the full power cases, the core is at 1811 MWt. The reactor coolant average
temperature is at the maximum end of the nominal TAVG window, plus uncertainties
(580.0F).
B. For the hot zero power cases, the RCS is at the no load TAVG (547ºF) temperature. One
reactor coolant pump is running. Table 15.0-8 summarizes these initial conditions.
C. The RCCA bank for the ejected rod is at the maximum insertion limits permitted by the
technical specifications. This condition results in the ejected RCCA having its maximum
reactivity worth during the transient.
D. Conservative moderator density coefficients are used for the beginning and end of life. The
coefficients selected minimize the negative reactivity feedback due to core moderator heatup
during the transient. The moderator density coefficient curves are determined by adjusting
the critical boron concentrations using the nuclear core design codes.
E. The doppler reactivity defect is determined as a function of power level. A doppler weighting
factor is applied as described in Section 15.4.5.4.2.4. The doppler defect and weighting factor
are given in Table 15.4-3. A minimum (absolute value) defect maximizes the nuclear power
peak for the full power and zero power cases.
F. Pessimistic estimates of the effective delayed neutron fraction (betaeff) of 0.49% at
beginning of cycle and 0.43% at end of cycle are used. Calculations typically yield values
no less than 0.70% at beginning-of-life and 0.50% at end-of-life for the first cycle. The
accident is sensitive to the delayed neutron fraction if the ejected rod worth is equal to or
greater than betaeff such as in zero power transients. Use of the conservative values
maximizes the nuclear power rises for the full and zero power cases.
G. The trip reactivity insertion assumed is given in Table 15.4-3 and includes the effect of one
stuck RCCA. The shutdown reactivity is simulated by dropping a rod of the required worth
into the core. A curve of rod insertion versus time is used which assumes that insertion to
the dashpot does not occur until 1.8 seconds after the start of fall. The choice of such a
conservative insertion rate means that there is over 1 second after the trip setpoint before
significant shutdown reactivity is inserted into the core.
H. The start of rod motion occurs 0.5 seconds after the high neutron flux trip setpoint is
reached. A high neutron flux setpoint of 118% is used which is conservative compared to
the 115% setpoint required by the rod withdrawal at power analysis. This delay is assumed
to consist of 0.2 seconds for the instrument channel to produce a signal, 0.15 seconds for
the trip breaker to open, and 0.15 seconds for the coil to release the rods.
15.4.5.4.2

Methodology

The RCCA ejection transient is analyzed in two stages: first, an average core channel
calculation, and then a hot region calculation. The average core calculation is performed using
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spatial neutron kinetics methods to determine the average power generation with time
including the various total core feedback effects, i.e., doppler and moderator reactivities.
The hot spot enthalpy and temperature transients are determined by multiplying the average
core energy generation by the hot channel factor and performing a fuel rod transient heat
transfer calculation. The power distribution calculated without feedback is pessimistically
assumed to persist throughout the transient.
A detailed discussion of the analysis method is in Reference 19.
15.4.5.4.2.1

Average Core Analysis

The spatial kinetics computer code, TWINKLE (Reference 5), is used for the average core
transient analysis. TWINKLE solves the two-group neutron diffusion theory kinetics
equation in one, two, or three spatial dimensions for six delayed neutron groups and up to
2000 spatial points. The computer code includes a multi-region, transient fuel-clad-coolant
heat transfer model for calculation of pointwise doppler and moderator feedback effects.
Further description of TWINKLE appears in Section 15.0.7.3.
TWINKLE is used in the analysis as a one-dimensional axial kinetics code since it allows a
more realistic representation of the spatial effects of axial moderator feedback and rod cluster
control assembly movement. Because the radial dimension is missing, it is still necessary to
employ very conservative methods (described in Section 15.4.5.4.2.2) for calculating the
ejected rod worth and hot channel factor.
15.4.5.4.2.2

Ejected Rod Worths and Hot Channel Factors

The values for the ejected rod worth and hot channel factor are calculated using either threedimensional static methods or by a synthesis method employing one-dimensional and twodimensional calculations. Standard nuclear design codes are used to determine rod worths
and hot channel factors. No credit is taken for the flux flattening effects of reactivity
feedback. The calculation is performed for the maximum allowed bank insertion at a given
power level, as determined by the rod insertion limits. Adverse xenon distributions are
considered in the calculation.
Appropriate margins are added to the ejected rod worth and hot channel factors to account for
calculation uncertainties.
15.4.5.4.2.3

Hot Spot Analysis

In the hot spot analysis, the initial heat flux is equal to the nominal value times the design hot
channel factor. During the transient, the heat flux hot channel factor is linearly increased to
the transient value in 0.1 seconds, the time for full ejection of the rod. Therefore, the
assumption is made that the hot spot locations before and after ejection are coincident. This
assumption is very conservative because after ejection, the peak heat flux occurs in or
adjacent to the assembly with the ejected rod, and before ejection, the power in this region is
necessarily depressed.
The hot spot analysis is performed using the detailed fuel and cladding transient heat transfer
computer code, FACTRAN (Reference 7). This computer code calculates the transient
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temperature distribution in a cross section of a metal clad UO2 fuel rod, and the heat flux at
the surface of the rod, using as input the nuclear power versus time and the local coolant
conditions. The zirconium-water reaction is explicitly represented, and all material
properties are represented as functions of temperature. A conservative pellet radial power
distribution is used within the fuel rod.
FACTRAN uses the Dittus-Boelter or Jens-Lottes correlation to determine the film heat
transfer before DNB and the Bishop-Sandburg-Tong correlation to determine the film-boiling
coefficient after DNB. The Bishop-Sandburg-Tong correlation is conservatively used
assuming zero bulk fluid quality. The DNBR is not calculated; instead the code is forced into
DNB by specifying a conservative DNB heat flux. The gap heat transfer coefficient can be
calculated by the code; however, it is adjusted in order to force the full power steady-state
temperature distribution to agree with the fuel heat transfer design codes. Further description
of FACTRAN appears in Section 15.0.7.1.
15.4.5.4.2.4

Reactivity Feedback Weighting Factors

The largest temperature rises, and hence the largest reactivity feedbacks, occur in channels
where the power is higher than average. Thus, the effect of reactivity feedback is larger than
that predicted by a simple single channel analysis as performed in TWINKLE.
Physics calculations are performed for temperature changes with a flat temperature
distribution and with a large number of axial and radial temperature distributions. Reactivity
changes are compared and effective weighting factors determined. These weighting factors
take the form of multipliers which, when applied to single channel feedbacks, correct them
to effective whole core feedbacks for the appropriate flux shape.
In this analysis, since a one-dimensional (axial) spatial kinetics method is employed, axial
weighting is unnecessary if the initial condition is made to match the ejected rod
configuration. A radial doppler weighting factor is applied to the transient fuel temperature
to obtain an effective fuel temperature as a function of time to account for the missing spatial
dimension. The selection and use of doppler weighting factors have also been shown to be
conservative compared to three-dimensional analyses (Reference 19). No weighting is
applied to the moderator feedback.
15.4.5.4.2.5

System Overpressure Analysis

Because safety limits for fuel damage specified earlier are not exceeded, there is little
likelihood of fuel dispersal into the coolant. The pressure surge may then be calculated on
the basis of conventional heat transfer from the fuel and prompt heat generation in the
coolant.
A detailed calculation of the pressure surge for an ejected rod worth of one dollar at beginning
of life, hot full power, indicates that the peak pressure does not exceed that which would
cause reactor pressure vessel stress to exceed the faulted condition stress limits (Reference
19).
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15.4.5.4.3

Acceptance Criteria

The following acceptance criteria used for the RCCA ejection accident ensure that there is
little or no possibility of fuel dispersal in the coolant, gross lattice distortion, or severe shock
waves:
A. Average fuel pellet enthalpy at the hot spot must be below 200 cal/g.
B. Fuel melting will be limited to less than the innermost 10% of the fuel volume at the hot
spot even if the average fuel pellet enthalpy is below the limits of criterion (A) above.
C. Peak reactor coolant pressure must be less than that which could cause component stresses
to exceed the faulted condition stress limits in the ASME Boiler and Pressure Vessel Code,
Section III.
D. Any activity release must result in doses at the exclusion area boundary (EAB) within the
guidelines of 10 CFR 50.67.
Criteria A and B are derived from comprehensive studies of the threshold of fuel failure and
the threshold of significant conversion of the fuel's thermal energy to mechanical energy
carried out as part of the SPERT project by the Idaho Nuclear Corporation. Extensive tests
of UO2 zirconium-clad fuel rods representative of those in pressurized-water reactor type
cores demonstrated failure thresholds in the range of 240 cal/g to 257 cal/g. Other rods of a
slightly different design (such as those used in boiling water reactors) exhibited failures as
low as 225 cal/g. These results differ significantly from the TREAT results, which indicated
a failure threshold of 280 cal/g. Limited results indicate that this threshold decreases by
about 10% with fuel burnup.
The clad failure mechanisms appear to be melting for zero burnup rods and brittle fracture for
irradiated rods. Also important is the conversion ratio of thermal to mechanical energy. This
ratio becomes marginally detectable above 300 cal/g for unirradiated rods and 200 cal/g for
irradiated rods; catastrophic failure (large fuel dispersal, large pressure rise) even for
irradiated rods did not occur below 300 cal/g.
The original FSAR included an additional criterion that the average clad temperature at the
hot spot must remain below 2700ºF. The elimination of this criterion as a basis for evaluating
RCCA ejection results is consistent with the revised Westinghouse acceptance criteria for this
event described in Reference 6.
The RCS pressure boundary and the offsite activity release criteria are consistent with the
guidance in ANSI/ANS N18.2–1973 for Condition IV events (Reference 20).
15.4.5.4.4

Results

The results of the analysis performed for the four cases is given in Table 15.4-3. The analyses
were performed for both the 422V+ and the OFA fuel types. As expected, the OFA design
was shown to be more limiting than the 422V+ fuel design due to the dimensional differences
between the two fuel designs. The results presented are those of the most limiting type
(OFA). The nuclear power and hot spot fuel and clad temperature transients are presented in
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Figures 15.4-16a, 15.4-16b, 15.4-17a and 15.4-17b. The sequences of events for these cases
are presented in Table 15.4-4.
For all cases, reactor trip occurs very early in the transient, the trip terminates the nuclear
power excursion, and the reactor remains subcritical.
The ejection of a RCCA constitutes a break in the RCS, located in the reactor pressure vessel
head. The effects and consequences of loss-of-coolant accidents are discussed in Section
15.6. Following the RCCA ejection, the operator would follow the same emergency
instructions as for any other loss-of-coolant accident to recover from the event.
15.4.5.4.4.1

Beginning of Life, Full Power - Case (1)

For Case (1), control bank D was assumed inserted to its insertion limit. The worst ejected
rod worth and hot channel factor were conservatively calculated to be 0.32% delta k and
5.00, respectively. The maximum clad average temperature reached was 2313ºF. The peak
hot spot fuel center temperature reached melting, conservatively assumed at 4900ºF.
However, melting was restricted to less than 10% of the pellet.
15.4.5.4.4.2

Beginning of Life, Zero Power - Case (2)

For Case (2), control bank D was assumed to be fully inserted and banks B and C were at their
insertion limits. The worst ejected rod is located in control bank D and has a worth of 0.75%
delta k and a hot channel factor of 11. The clad average temperature reached 2881ºF; the
maximum fuel center temperature was 3934ºF.
15.4.5.4.4.3

End of Life, Full Power - Case (3)

For Case (3), control bank D was assumed inserted to its insertion limit. The ejected rod
worth and hot channel factors were conservatively calculated to be 0.40% delta k and 5.69,
respectively. This resulted in a maximum clad average temperature of 2306ºF. The peak hot
spot fuel temperature reached melting, conservatively assumed at 4800ºF. However, melting
was restricted to less than 10% of the pellet.
15.4.5.4.4.4

End of Life, Zero Power - Case (4)

The ejected rod worth and hot channel factors for Case (4) were obtained assuming control
bank D to be fully inserted and banks C and B at their insertion limits. The results were
0.90% delta k and 12.0, respectively. The maximum clad average and fuel center
temperatures were 2981 ºF and 3920 ºF. The doppler weighting factor for Case (4) is
significantly higher than for the other cases due to the very large transient hot channel factor.
15.4.5.4.4.5

Pressure Surge

A detailed calculation of the pressure surge for an ejection worth of one dollar at beginningof-life, hot full power, indicates that the peak pressure does not exceed that which could cause
stress to exceed the faulted condition stress limits. Since the severity of the present analysis
does not exceed the worst-case analysis, the accident will not result in an excessive pressure
rise or further damage to the RCS.
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15.4.5.4.4.6

Lattice Deformations

A large temperature gradient will exist in the region of the hot spot. Since the fuel rods are
free to move in the vertical direction, differential expansion between separate rods cannot
produce distortion. However, the temperature gradients across individual rods may produce a
differential expansion tending to bow the midpoint of the rods toward the hotter side of the
rod (that is, toward the hot spot). Calculations have indicated that this bowing would result in
a negative reactivity effect at the hot spot since Westinghouse cores are under-moderated, and
bowing will tend to increase the under-moderation at the hot spot. Since the 14 x 14 fuel
design is also under-moderated, the same effect would be observed. In practice, no
significant bowing is anticipated since the structural rigidity of the core is more than
sufficient to withstand the forces produced.
Boiling in the hot spot region would produce a net flow away from that region. However, the
heat from the fuel is released to the water relatively slowly, and it is considered inconceivable
that cross flow will be sufficient to produce significant lattice forces. Even if massive and
rapid boiling sufficient to distort the lattice is hypothetically postulated, the large void
fraction in the hot spot region would produce a reduction in the total core moderator to fuel
ratio and a large reduction in this ratio at the hot spot. The net effect would therefore be
negative feedback. It can be concluded that no conceivable mechanism exists for net positive
feedback resulting from lattice deformation. In fact, small negative feedback may result.
The effect is conservatively ignored in the analysis.
15.4.5.5

Radiological Evaluation

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and off-site doses were also analyzed. Reference 22 is now considered to be
the Control Rod Ejection Accident (REA) dose analysis of record. The analysis was
performed using the alternate source term (AST) per 10CFR 50.67 and Reference 23. The
new methodology and analysis was approved by the NRC in Reference 24 as supplemented
by Reference 25. The assumptions used in the analysis are summarized in Table 15.4-5 and
the results are contained in Table 15.4-6.
15.4.5.6

Conclusions

Conservative analyses indicate that the fuel and cladding limits are not exceeded, and there is
no danger of sudden fuel dispersal into the coolant. Since the peak pressure does not exceed
that which would cause stresses to exceed the faulted condition stress limits, there is no
danger of further damage to the RCS. Generic analyses have demonstrated that the fission
product release, as a result of a number of fuel rods entering DNB, is limited to less than
10% of the fuel rods in the core.
15.4.6
15.4.6.1

ROD CLUSTER CONTROL ASSEMBLY DROP
Description of Event

Dropping of a full-length rod cluster control assembly (RCCA) occurs when the drive
mechanism is de-energized. A dropped RCCA would cause a power reduction and an increase
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In the hot channel factor. If no protective action occurred, the rod control system would
restore the power level to the pre-event level. This action could lead to a reduced safety
margin or possibly DNB, depending upon the magnitude of the resultant hot channel factor.
If a RCCA drops into the core during power operation, it would be detected by a rod bottom
signal, by an ex-core nuclear instrument, or by both. The microprocessor rod position
indication (MRPI) system senses each RCCA’s position and provides a rod bottom signal for
any dropped RCCA (MRPI indication of 0 or 8 steps is indication of rod on bottom due to
the 422V+ fuel). The other independent indication of a dropped RCCA is derived from the
excore power range nuclear instruments. This rod drop detection circuit is actuated when a
rapid decrease in the local neutron flux is sensed in any of the four channels. The circuitry is
designed to accommodate normal load variations in order to avoid spurious actuation. A rod
drop signal from the rod position indication channel or from one or more of the four power
range channels blocks further automatic rod withdrawala by the rod control system.
15.4.6.2

Frequency of Event

The dropped RCCA(s), dropped RCCA bank, and statically misaligned RCCA incidents are
classified as ANS Condition II events of moderate frequency. Section 15.0.8 discusses
Condition II events.
15.4.6.3

Event Analysis

The following events are analyzed:
Case (1) One or more dropped RCCAs from the same group. RCCA banks are in automatic
control.
Case (2) A dropped RCCA bank. RCCA banks are in automatic control.
Case (3) A static misalignment where the worst-case RCCA is fully inserted with bank D fully
withdrawn.
Case (4) A static misalignment where the worst-case RCCA is fully inserted with bank D at its
insertion limit.
Case (5) A static misalignment where the worst-case RCCA remains fully withdrawn when
bank D is at its insertion limit.
Cases (1) and (2) are analyzed in the automatic control modes because failure of the rod
block system to function would result in the rod control system remaining in automatic
control mode.
15.4.6.3.1

Protective Features

Two independent systems consisting of the rod bottom detection and power range nuclear
instrumentation systems provide redundant input to the rod control system to prevent rod
withdrawalb when in automatic control. The rod drop protection does not perform a reactor
a.

The automatic rod withdrawal function of the reactor coolant system has been disabled. The block
automatic rod withdrawal function on a rod drop is no longer used.
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protective trip or an emergency safety features mitigating function (i.e., no credit for any
direct trip due to the dropped rods is taken). The rod withdrawal block is neither safety grade
nor credited in the analysis.
The normal rod control system (manual mode of operation) may be used by the operator to
recover from this event but is not required to mitigate the transient.
15.4.6.3.2

Single Failures Assumed

No single failure is postulated since the limiting cases require no mitigating actions of safetyrelated equipment .
15.4.6.3.3

Operator Actions Assumed

No operator actions are credited in the analysis of this event to satisfy the acceptance criteria.
Because the Technical Specifications limit the time allowed in this configuration, the operator
is expected to take action to establish stable plant conditions per the appropriate procedures.
15.4.6.3.4

Chronological Description of Event

The reactor is initially at steady state, full power for all cases. For Cases (1) and (2) the
transient continues after rod drop until minimum DNBRs are obtained and nuclear power
returns to quasi-steady state conditions. No chronology is defined for Cases (3) to (5) since
the insertions resulting from the misaligned RCCA configurations are analyzed under steady
state conditions.
15.4.6.3.5

Impact on Fission Product Barriers

The DNBR is maintained greater than the safety analysis limit for this event. No fuel
cladding failures are expected. The reactor coolant system pressure does not increase
significantly during these events. The fuel cladding and reactor coolant pressure boundary
maintain their integrity as fission product barriers.
15.4.6.4
15.4.6.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. The initial reactor power, flow, pressure and temperature are assumed at their nominal values
as shown in Table 15.0-8. The reactor coolant average temperature is at the maximum TAVG
(576.0 ºF).
B. Automatic and manual rod controls are operable depending on the rod drop event analyzed.
Both modes are considered since the control mode can increase the severity of the event.
C. The pressurizer spray and pressurizer power operated relief valves are operational since
they reduce primary system pressure and minimize the calculated DNBR values.
D. No automatic power reduction features such as turbine runback are actuated.
b.

The automatic rod withdrawal function of the reactor coolant system has been disabled. The block
automatic rod withdrawal function on a rod drop is no longer used.
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E. The core life is at its most limiting time with respect to DNB.
15.4.6.4.2
15.4.6.4.2.1

Methodology
One or More Dropped Rod Cluster Control Assemblies From the Same Group

LOFTRAN and VIPRE-W are used in this analysis. The capabilities of these codes are
described in Section 15.0.7.
LOFTRAN is used to determine the transient reactor state points (temperature, pressure, and
power). The transient reactor statepoints are based on a generic 2-loop dropped rod analysis
performed as part of the Westinghouse Owners Group (WOG) dropped rod protection
modification program, WCAP-11394-P-A (Reference 9). Nuclear models are used to obtain a
hot channel factor consistent with the primary system conditions and reactor power
conditions specific to Ginna. By incorporating the primary conditions from the transient
analysis and the hot channel factor from the nuclear analysis, thermal hydraulic analyses are
performed using VIPRE-W to verify that the DNB design basis is met. The transient
response analysis, nuclear peaking factor analysis, and DNB design basis confirmation are
performed in accordance with the methodology described in Reference 9.
15.4.6.4.2.2

Dropped Rod Cluster Control Assembly Bank

A dropped RCCA bank results in a symmetric power change in the core. As discussed in
Reference 9, assumptions made for the dropped RCCA analysis (see Section 15.4.6.4.2.1)
provide a bounding analysis for the dropped RCCA bank.
15.4.6.4.2.3

Statically Misaligned Rod Cluster Control Assembly

The DNBR analysis assumes that initial reactor power, pressure, and reactor coolant system
temperatures are at the nominal values but with the increased radial peaking factor associated
with the misaligned RCCAs. The peaking factors are determined from steady-state analyses
of power distributions resulting from the statically misaligned RCCAs. The power
distributions are analyzed using appropriate nuclear physics design codes. The nominal
conditions and limiting peaking factors are then input to the VIPRE-W to determine the
DNBR.
15.4.6.4.3

Acceptance Criteria

General acceptance criteria appropriate for this Condition II event are:
A. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
B. Fuel integrity should be maintained by ensuring that the centerline fuel temperature is less
than its melting temperature.
C. An incident of moderate frequency should not generate a more serious plant condition
without other incidents occurring independently.
The primary acceptance criterion for these the statically misaligned RCCA analyses is that
the minimum DNBR remains greater than the safety analysis DNBR limit (see Section 4.4).
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DNBR is the only acceptance criterion required for the rod drop analyses consistent with the
methodology described in Reference 9.
15.4.6.4.4
15.4.6.4.4.1

Results
One or More Dropped Rod Cluster Control Assemblies

Single or multiple dropped RCCAs within the same group (Case 1) result in a negative
reactivity insertion. The core is not adversely affected during this period since power is rapidly
decreasing. Either reactivity feedback or control bank withdrawal will reestablish power.
Following a dropped rod event in manual rod control, the plant will establish a new
equilibrium condition. Without control system interaction, a new equilibrium is achieved at
a reduced power and a reduced primary temperature due to reactivity feedback.
For a dropped RCCA event in the automatic rod control modea, the rod control system detects
the drop in power and initiates control bank withdrawal. Power overshoot may occur due to
this action by the automatic rod controller after which the control system will insert the
control bank to restore nominal power. Thus, the automatic rod control mode of operation is
the limiting case. Figures 15.4-18 and 15.4-19 show a typical transient response to a
dropped RCCA (or RCCAs) in the automatic rod control mode. In all cases, the minimum
DNBR remains above the DNBR limit value.
Following plant stabilization, the operator may manually retrieve a single dropped RCCA
using the rod control system (manual mode) and approved operating procedures.
15.4.6.4.4.2

Dropped Rod Cluster Control Assembly Bank

A dropped RCCA bank (Case 2) is bounded by the dropped RCCA event discussed above
(Reference 9).
15.4.6.4.4.3

Statically Misaligned Rod Cluster Control Assembly

The more severe DNBRs from statically misaligned RCCAs arise from cases where one
RCCA is fully inserted with all rods out (Case 3) or bank D is at its insertion limit (Case 4), or
where bank D is inserted to its insertion limit with one RCCA fully withdrawn (Case 5).
Multiple independent alarms, including a bank insertion limit alarm, alert the operator before
the postulated conditions are approached.
For RCCA misalignments with one RCCA fully inserted (Cases 3 and 4), the DNBR does not
fall below the safety analysis DNBR limit.
For RCCA misalignments with Bank D inserted to its full-power insertion limit with any one
RCCA fully withdrawn (Case 5) or fully inserted (Case 4), the DNBR does not fall below the
safety analysis DNBR limit.

a.

This event has been evaluated relative to the deletion of the automatic rod withdrawal feature in the rod
control system. The evaluation determined that the results presented herein are conservative and remain
valid.
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DNB does not occur for the RCCA misalignment incidents; thus, there is no reduction in the
ability of the primary coolant to remove heat from the fuel rod. The peak fuel temperature
corresponds to a linear heat generation rate based on the radial peaking factor penalty
associated with the misaligned RCCA and the design axial power distribution. The resulting
linear heat generation rate is well below that which would cause fuel melting.
Detailed results will vary from cycle to cycle depending on fuel arrangements; therefore, the
insertion limits and DNBR considerations are re-evaluated for each cycle.
After identifying a RCCA group misalignment condition, the operator must take action as
required by the plant Technical Specifications and operating instructions.
15.4.6.5

Radiological Evaluation

An evaluation of radiological consequences is not performed since no fuel failures result from
statically misaligned or dropped RCCAs.
15.4.6.6

Conclusions

The analyzed events do not propagate beyond the Condition II category since, in each case,
the reactor reaches a stable state.
For cases of dropped RCCA assemblies (Case 1) or dropped banks (Case 2), the DNBR
remains greater than the safety analysis DNBR limit; therefore, the DNB design criterion is
met, and the events do not result in core damage.
For all static misalignment cases of any RCCA fully inserted (Cases 3 and 4) or bank D
inserted to its rod insertion limits with any single rod cluster control assembly in that bank
fully withdrawn (Case 5), the DNBR remains greater than the safety analysis DNBR limit,
and the events do not result in core damage.
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Table 15.4-1
TIME SEQUENCE OF EVENTS FOR UNCONTROLLED ROD CLUSTER CONTROL
ASSEMBLY WITHDRAWAL FROM A SUBCRITICAL CONDITION
Event

Time of Each Event
(sec)

Initiation of uncontrolled rod withdrawal, 75 pcm/sec reactivity
insertion rate, from 10-9 of nominal power

0

Power range high-neutron-flux low setpoint reached

9.98

Peak nuclear power occurs

10.11

Rods begin to fall into core

10.48

Peak heat flux occurs/Minimum DNBR occurs

11.72

Peak clad temperature occurs

11.98

Peak average fuel temperature occurs

12.18

Peak fuel centerline temperature occurs

13.68
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Table 15.4-2
TIME SEQUENCE OF EVENTS FOR UNCONTROLLED ROD CLUSTER CONTROL
ASSEMBLY WITHDRAWAL AT POWER
Event

Time of Each Event
(sec)

CASE A (DNB Case with Minimum feedback)
Initiation of uncontrolled rod cluster control assembly withdrawal at
full power and maximum reactivity insertion rate (100 pcm/sec)

0

Power range high-neutron-flux reactor high trip setpoint reached

1.2

Rods begin to fall into core

1.7

Minimum DNBR occurs

2.3

CASE B (DNB Case with Maximum feedback)
Initiation of uncontrolled rod cluster control assembly withdrawal at
full power and at a small reactivity insertion rate (5 pcm/sec)

0

Power range high-neutron-flux high reactor trip setpoint reached

213.9

Rods begin to fall into core

215.9

Minimum DNBR occurs

˜215.9

CASE C (RCS Pressure Case)
Initiation of uncontrolled rod cluster control assembly withdrawal at
8% power with the maximum allowable reactivity insertion rate of
31 pcm/second

0

High pressurizer pressure reactor trip setpoint reached

19.9

Rods begin to fall into core

21.9

Pressurizer safety valves actuate

23.2

Maximum RCS pressure occurs

24.1
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Table 15.4-3
PARAMETERS USED IN THE ANALYSIS OF THE ROD CLUSTER CONTROL
ASSEMBLY EJECTION ACCIDENT
Time in Life
Parameters

Beginning

Beginning

End

End

Power level, MWt

1811

0

1811

0

Ejected rod worth, % delta k

0.32

0.95

0.40

0.90

Delayed neutron fraction, %

0.49

0.49

0.43

0.43

Feedback reactivity weighting

1.231

2.008

1.316

2.041

Doppler defect, pcm

1000

1000

950

950

Trip reactivity, % delta k

3.5

2.0

3.5

2.0

FQ before rod ejection

2.6

-

<2.6

-

FQ after rod ejection

5.00

11.0

5.69

12.0

Number of operational pumps

2

1

2

1

Maximum fuel pellet average
temperature, F

4069

3564

4055

3627

Maximum fuel center temperature,
F

4970

3934

4883

3920

Maximum clad average
temperature, F

2313

2831

2306

2481

Maximum fuel stored energy, cal/g

177.9

151.8

177.2

155.1

Fuel melt at the hot, %

6.62

0.0

9.00

0.0

Zirconium-water reaction, %

<16

<16

<16

<16
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Table 15.4-4
TIME SEQUENCE OF EVENTS FOR ROD CLUSTER CONTROL ASSEMBLY
EJECTION
Event

Time of Each Event
(sec)
BCL HFP

ECL HFP

Initiation of rod ejection

0.0

0.0

Power range high-neutron-flux high
setpoint reached

0.04

0.02

Peak nuclear power occurs

0.14

0.13

Rods begin to fall into core

0.54

0.52

Peak fuel average temperature occurs

1.74

1.81

Peak clad temperature occurs

1.45

2.00

BCL HZP

ECL HZP

Initiation of rod ejection

0.0

0.0

Power range high-neutron-flux low
setpoint reached

0.02

0.15

Peak nuclear power occurs

0.06

0.18

Rods begin to fall into core

0.92

0.65

Peak clad temperature occurs

1.99

1.51

Peak fuel average temperature occurs

2.00

1.55
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Table 15.4-5
REA CONTAINMENT ASSUMPTIONS
Parameter

Value

Reactor power, MWt

1811

Failed Fuel, % of core
Melted fuel, % of core
Peaking factor, fraction

15
0.375
1.75

Initial Primary Coolant Activity
iodine
noble gas

60Ci/gm of DE 1-131
1% fuel defects

Iodine forms
particulate
elemental
organic

0.95
0.0485
0.0015

Containment net free volume, ft3

1E6

Containment Leak Rate, %/day
0-24 hr
> 24 hr

0.2
0.1

Containment fan cooler flow and operation
number of operating units
flow rate per unit, cfm
total filtered flow rate, cfm
HEPA (2 units)
initiation delay
CRFCs (HEPA)
termination of particulate iodine removal,
hours
Containment fan cooler iodine removal
efficiency, %
elemental
organic
particulate

2
30,000
60,000
53 sec
4
0
0
95

Natural deposition coefficient, 1/hr

0.023

Atmospheric dispersion X/Q sec/m3
EAB 0-2 hr
LPZ 0-8 hr
8-24
24-96
96-720

2.17E-4
2.51E-5
1.78E-5
8.50E-6
2.93E-6
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Parameter

Value

Breathing rate m3/sec
EAB & LPZ
0-8 hr
8-24
24-720

3.47E-4
1.75E-4
2.32E-4
REA SECONDARY SIDE ASSUMPTIONS

Parameter

Value

Reactor power, MWt (including 2%
uncertainty)

1811

Failed Fuel, % of core
Melted fuel, % of core
Peaking factor, fraction

15
0.375
1.75

Initial secondary coolant iodine activity, ci/gm
of DE I-131

0.1

Primary-to-secondary leakage
leak rate, gpd per SG
duration, hr

500
8

Mass of primary coolant, gm

1.28E8

Initial mass of secondary coolant, gm per 2
SGs

7.72E7

Steam released from S.S. to environment, gm/
min
0-2 hr.
2-8 hr.

7.95E5
6.11E5

Steam generator iodine partition coefficient
(mass-based)
elemental
organic

100
1

Iodine species assumed in the SG water
elemental iodine
organic iodide

0.97
0.03
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Table 15.4-6
RESULTS FOR REA DOSE, REM TEDE
EAB, max 2-hour

LPZ Containment Leak,
720 hours Secondary side
releases, 8 hours

Containment leakage, gap and RC

2.384E-01

7.82E-02

Secondary side, gap and coolant,
Elemental Iodine

3.480E-01

9.795E-02

Secondary side, gap and RC, Noble
Gas

2.638E-01

6.165E-02

Secondary side, gap and coolant,
Methyl Iodide

3.143E-01

1.195E-01

Containment leakage, core melt

2.226E-02

6.388E-03

Secondary side, melt elemental
iodine

4.32E-02

1.218E-02

Secondary side, melt methyl

3.911E-02

1.487E-02

Secondary side, melt, noble gas

6.589E-02

1.539E-02

TOTAL

1.34E+00

4.06E-01

Acceptance Criteria

6.3

6.3
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15.5

INCREASE IN REACTOR COOLANT INVENTORY

Inadvertent actuation of the Emergency Core Cooling System (ECCS) or a chemical and
volume control system malfunction that increases the reactor coolant inventory can lead to an
increase in system pressure and pressurizer level.
During power operations at Ginna Station, the high-pressure safety injection pumps cannot
deliver flow at full operating pressure because the pump shutoff head is approximately 1500
psi. Therefore, during power operation the safety injection pumps cannot increase RCS
inventory.
During power operation, the charging pumps are capable of increasing RCS inventory. The
three positive displacement charging pumps can deliver a maximum of 180 gpm (charging
flow is normally maintained at 46 gpm). An estimate of pressurizer fill time can be obtained
by taking into account the charging line pressure drop and associated relief valves. If all 3
charging pumps were running at maximum speed with the RCS at normal pressure, the D/P
required to force 180 gpm into the RCS would raise charging pump discharge pressure above
the setpoint of the charging pump relief valves, and a portion of the total 180 gpm charging
flow would be directed back to the VCT. Additionally, as the RCS pressurized due to the
compression of the pressurizer gas bubble resulting from the CVCS malfunction, the amount
of the charging flow that would be added to the RCS would decrease. Prior to a reactor trip,
maximum deliverable flow to the RCS via the charging flow path and the RCP seal injection
flow path is estimated to be less than 150 gpm. At this rate it would take approximately 6 min
to fill the pressurizer to the high-level reactor trip setpoint. Following the reactor trip, the
RCS cools down and depressurizes slightly. The cooldown causes an increase in the
pressurizer steam space. The small depressurization is assumed to increase charging flow. A
conservative value of 180 gpm is assumed (maximum flow from three charging pumps).
Following reactor trip, it would take 12 min to fill the pressurizer at 180 gpm. The total time
to fill the pressurizer is, therefore, 18 min. This is considered sufficient time for the operator
to terminate the event based on the available alarms and indications (high pressurizer level,
high pressurizer pressure, and low volume control tank level).
The overpressure consequences during operation at low primary system temperature are
discussed in Section 5.2.2.
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REFERENCES FOR SECTION 15.5
1.

CAL-NOTE-68, "Estimates the Time Required to fill the Pressurizer Steam Space
Assuming Three Charging Pumps Are Running," dated 12/15/2005.
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15.6
15.6.1

DECREASE IN REACTOR COOLANT INVENTORY
INADVERTENT OPENING OF A PRESSURIZER SAFETY VALVE OR
PRESSURIZER POWER OPERATED RELIEF VALVE (PORV)

15.6.1.1

Description of Event

The most severe core conditions resulting from an accidental depressurization of the RCS are
associated with an inadvertent opening of a pressurizer safety valve. The event results in a
rapidly decreasing RCS pressure. The effect of the pressure decrease is a decrease in the
neutron flux via the moderator density feedback, but the Reactor Control System (if in the
automatic mode) functions to maintain the power and average coolant temperature until
reactor trip occurs. The pressurizer level increases initially due to expansion caused by
depressurization and then decreases following reactor trip.
15.6.1.2

Frequency of Event

The inadvertent opening of a pressurizer safety valve incident is classified as an ANS Condition
II event of moderate frequency. Section 15.0.8 discusses Condition II events.
15.6.1.3
15.6.1.3.1

Event Analysis
Protective Features

The following features provide protection for this event:
1. Reactor trip is actuated by an over-temperature T signal if any two-out-of-four T
channels exceed a variable setpoint during the transient. This setpoint is automatically
varied with axial power imbalance, coolant temperature, and pressurizer pressure
conditions to protect against DNB.
2. Reactor trip is actuated on two-out-of-four low pressurizer pressure (RTS) signals.
15.6.1.3.2

Single Failures Assumed

A single failure is assumed in one train of the reactor trip system (RTS). The other operable
train will, however, trip the reactor.
15.6.1.3.3

Operator Actions Assumed

No operator actions are credited in this analysis.
15.6.1.3.4

Chronological Description of Event

The event starts with the opening of a pressurizer safety valve. The sequence of events is
shown in Table 15.6-9.
15.6.1.3.5

Impact on Fission Product Barriers

The DNBR is expected to be greater than the safety analysis limit for this event. No fuel
cladding failures are expected. Reactor coolant and steam pressures are expected to decrease.
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The fuel cladding and reactor coolant pressure boundary maintain their integrity as fission
product barriers.
15.6.1.4
15.6.1.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

A. Initial values of reactor power, pressure, and average temperature assumed are consistent
with the Revised Thermal Design Procedure. The vessel average temperature is at the
maximum TAVG (576.0F) value. Plant characteristics and initial conditions are described
in Section 15.0.1.
B. A zero moderator coefficient of reactivity conservative for BOL operation is assumed in
order to provide a conservatively low amount of negative reactivity feedback due to
changes in moderator temperature. The spatial effect of void due to local or subcooled
boiling is not considered in the analysis with respect to reactivity feedback or core power
shape.
C. A small (absolute value) Doppler coefficient of reactivity is assumed such that the resultant
amount of negative feedback is conservatively low in order to maximize any power
increase due to moderator reactivity feedback.
D. It should also be noted that in the analysis, power peaking factors are kept constant at the
design values while, in fact, the core feedback effects would result in considerable
flattening of the power distribution. This would significantly increase the calculated
DNBR; however, no credit is taken for this effect.
E. No credit is taken for the pressurizer heaters when the reactor coolant system pressure
decreases during the transient. Operation of the heaters would tend to increase the DNBR,
which is non-conservative for this analysis.
F. A constant rod worth of 10 pcm/step is assumed. This rod differential worth is conservative
since it causes the rod control system to attempt maintaining the full power TAVG, which
delays reactor trip.
G. The accident is simulated by the opening of a pressurizer safety valve. For conservatism,
the valve area is increased by about 24% to ensure a conservative blowdown.
H. Maximum steam generator tube plugging is assumed.
15.6.1.4.2

Methodology

The inadvertent opening of a pressurizer safety valve or pressurizer power operated relief
valve (PORV) incident is analyzed using the RETRAN code. The code computes pertinent
plant variables, including temperatures, pressures, and power level. Section 15.0.7 provides
an additional description of RETRAN and its capabilities.
The Revised Thermal Design Procedure (Reference 17) is used. Uncertainties in initial
conditions are included in the DNBR limit using this procedure.
15.6.1.4.3

Acceptance Criteria

The general acceptance criteria for a Condition II event are:
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A. Pressures in the reactor coolant and main steam systems should be maintained below 110%
of the design pressures.
B. Fuel cladding integrity is maintained by ensuring that the minimum DNBR remains greater
than the 95/95 DNBR limit in the limiting fuel rods.
C. An accident of moderate frequency should not generate a more serious plant condition
without other faults occurring independently.
Primary pressure decreases due to the accident itself, and secondary side pressure tends to
decrease due to a small cooldown. Therefore, the specific criterion used for this incident is
that the DNBR remains greater than the safety analysis limit described in Section 4.4.
15.6.1.4.4

Resultsa

Figure 15.6-1a illustrates the nuclear power transient following the accident. Reactor trip on
over-temperature T occurs as shown on Figure 15.6-1b. The pressure decay transient
following the accident is given on Figure 15.6-1b. The loop average temperature following the
accident is given on Figure 15.6-1c. The resulting DNBR never goes below the limit value as
shown on Figure 15.6-1d.
15.6.1.5

Radiological Consequences

An evaluation of radiological consequences is not performed since no fuel failure occurs.
Steam released from the pressurizer safety valve is to the pressurizer relief tank inside
containment. Since this does not result in an uncontrolled release to the environment, normal
plant operations can be used for the cleanup or discharge of the radioactive contaminants
under controlled conditions.
15.6.1.6

Conclusions

By showing that the DNBR remains above the safety analysis limit value, the analysis of the
inadvertent opening of a pressurizer safety valve demonstrates that the over-temperature T
RTS signal provides adequate protection.
15.6.2

RADIOLOGICAL CONSEQUENCES OF SMALL LINES CARRYING PRIMARY
COOLANT OUTSIDE CONTAINMENT

An analysis was conducted by the NRC under the Systematic Evaluation Program (Topic XV16), to ensure that any release of radioactivity from a postulated failure of small lines carrying
primary coolant outside containment would result in limited exposure, well within 10 CFR
100 exposure guidelines. The doses calculated by the NRC (Reference 2) were 12 rem
thyroid and 1 rem whole body which were below 10% of the 10 CFR 100 exposure
guidelines.

a.

This event has been evaluated relative to the deletion of the automatic rod withdrawal feature in the rod
control system. The evaluation determined that the results presented herein are conservative and remain
valid.
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15.6.3
15.6.3.1

STEAM GENERATOR TUBE RUPTURE
Description of Event

The design-basis steam generator tube rupture (SGTR) accident consists of the double-ended
break of one steam generator tube. The accident takes place with the reactor coolant
contaminated with fission products from continuous, full power operation prior to the
accident. The accident results in the contamination of the secondary system from reactor
coolant discharged through the ruptured tube. Activity can be discharged to the environment
from the operation of the steam generator atmospheric relief valves (ARV) or main steam
safety valves (if the setpoints are reached), or from noncondensable gases released via the
main condenser during the accident and subsequent cooldown of the plant.
The operator is required to perform numerous actions to mitigate the SGTR accident and
stabilize the plant. Offsite doses are reduced by minimizing the amount of coolant
discharged through the ruptured tube and isolating the ruptured steam generator. The operator
is required to reduce reactor coolant system (RCS) pressure to equilibrate with the ruptured
steam generator secondary side pressure to minimize the coolant discharge through the
ruptured tube.
This action must be performed while the operator is attempting to cool down the plant,
control primary and secondary side inventories, and isolate the ruptured steam generator.
Failure to control the coolant discharge in a timely manner can cause overfilling of the
ruptured steam generator with additional consequences.
Analyses of the SGTR accident focus on two areas:
1. Analyses are performed to demonstrate that sufficient margin to overfill exists because of
the number of operator actions required to mitigate this accident.
2. Offsite doses are analyzed to ensure that possible consequences are within allowable
guidelines. The dose analysis requires thermal hydraulic calculations be performed to
determine the amount of reactor coolant discharged to the ruptured steam generator and the
amounts of steam released from the steam generators.
The effects of limiting single failures and the times for required operator actions are explicitly
included in the analyses.
15.6.3.2

Frequency of Event

The complete severance of a steam generator tube is unlikely to occur over the life of the
plant. The event is a Condition IV limiting fault since it can result in the loss of the reactor
coolant system boundary or the release of significant amounts of radioactive material to the
environment. Because the tubes are made of highly ductile Inconel-690 material, the more
probable failure modes are one or more leaks of undetermined origin. Tube leaks or failures
large enough to cause losses of reactor coolant are considered Condition II or III events,
depending on whether an orderly shutdown and cooldown can or cannot be performed with
normal makeup systems.
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15.6.3.3

Event Analysis

Separate thermal hydraulic analyses are performed for the steam generator overfill and mass
release cases. The analyses model a double-ended break of one steam generator tube located
at the top of the tube sheet on the outlet (cold leg) side of the steam generator. The location of
the break on the cold side of the steam generator results in higher primary to secondary flow
than a break on the hot side of the steam generator (Reference 3).
Typically, it is not known beforehand which assumed plant operating conditions give the
bounding result for each type of analysis. In addition, certain plant and operator assumptions
differ in the two types of analysis (see Sections 15.6.3.3.2 and 15.6.3.3.3). Therefore, a
range of sensitivity cases were analyzed separately for the margin to overfill and mass
release analyses. The sensitivity of the margin to overfill, upon changes of the following
analytical parameters, was investigated in References 61, 62 and 63 with plant specific
models: high RCS average temperature vs. low RCS average temperature; steam generator
tube plugging percentage; decay heat; location of the single failure; and operators timing. All
cases are analyzed with a loss of offsite power.
The margin to overfill transient is analyzed until the ruptured steam generator secondary side
and reactor coolant system (RCS) pressures equalize, at which time the ruptured tube flow is
considered isolated.
The mass release cases determine the maximum integrated primary to secondary break flows
and steam releases for the SGTR radiological analysis. These cases are analyzed through
tube flow isolation and cooldown to residual heat removal system in-service conditions to
obtain the total steam releases from the intact and ruptured steam generators. (At this point,
the plant proceeds to MODE 5 (cold shutdown) conditions without additional steam release
using the residual heat removal system.)
Only the results for the limiting margin to overfill and mass release cases are presented. Dose
calculations are performed for the limiting mass release case with the largest integrated flashing
flow since it gives the maximum offsite doses.
The analysis is performed for Ginna Extended Power Uprate (EPU) at a core power of 1811
MWt.
15.6.3.3.1

Protective Features

Protective features credited in the analysis include:
1. Reactor Trip System (RTS) - Reactor trip is actuated if any two-out-of-four delta T
channels exceed an over-temperature delta T setpoint. This setpoint is automatically varied
with axial power imbalance, coolant temperature, and pressurizer pressure to protect
against DNB.
2. Engineered Safety Features Actuation System (ESFAS) - A safety injection actuation signal
is generated on two-out-of-three low pressurizer pressure (ESFAS) signals.
3. Safety Injection - The safety injection signal will result in the startup of three safety
injection pumps supplying two reactor coolant system (RCS) cold leg injection paths.
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4. Feedwater Isolation- A safety injection signal or an engineered safety feature sequence
initiation signal will result in feedwater isolation causing all main feedwater isolation,
main feedwater regulating, bypass and feedwater isolation valves to rapidly close tripping
the main feedwater pumps, and closing the main feedwater pump discharge valves.
5. Main Steam Isolation - The control room operator closes the main steam isolation valve
from the affected generators. Isolating main steam prevents the continued depressurization
of the steam generators and limits the pressure differential between the secondary and
primary systems.
6. Auxiliary Feedwater - The trip of both main feedwater pumps results in actuation of the
two motor-driven auxiliary feedwater pumps. Offsite power is assumed to be lost at the
time of reactor trip, which results in actuation of the turbine-driven auxiliary feedwater
pump. Auxiliary feedwater valves are required for feed flow control to the intact steam
generator and isolation of flow to the ruptured generator.
7. Steam Generator Atmospheric Relief Valves (ARV) - The RCS must be cooled down to
MODE 5 (cold shutdown) to prevent the occurrence of saturated conditions in the core.
Since offsite power is assumed to be lost at the time of reactor trip, the condenser is not
available, and the ARVs are the only means available to the operator to perform this task.
The ARV on the intact steam generator is used to dump steam and cool the RCS, in this way
reducing RCS pressure while maintaining adequate subcooling. Continued pressure
reduction eventually results in terminating tube flow. At the end of the event, the ruptured
steam generator’s ARV must be opened to reduce its pressure as the RCS pressure
approaches residual heat removal system in-service conditions.
The steam generator ARVs also prevent overpressurization of the steam generators below
the main steam safety valve (MSSV) setpoint after reactor trip.
8. Pressurizer Power Operated Relief Valves (PORVs) - The pressurizer PORVs are used by
the operator to control depressurization of the RCS before termination of safety injection
and during the approach to residual heat removal system in-service conditions.
9. Main Steam Safety Valves (MSSVs) - The MSSVs protect the secondary side against overpressurization (with the ARVs) following reactor trip.
10. Residual Heat Removal - Residual heat removal is required for long term cooling as the
plant is brought to MODE 5 (cold shutdown) conditions.
15.6.3.3.2

Single Failures Assumed

The effects of single failures in margin to overfill and mass release analyses were investigated
in References 3 and 5 for the reference plant and in references 60 and 61 for Ginna. The
limiting single failures for SGTR analyses are described below.
15.6.3.3.2.1

Single Failure - Margin to Overfill

The limiting single failure for margin to overfill considerations is either the ARV failing closed
on the intact S/G or the ARV failing open on the ruptured S/G, with the most limiting single
failure location depending upon operator response times as detailed in References 60 and 61.
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A stuck-closed ARV on the intact S/g must be locally opened before the RCS cooldown can
begin. the additional time to open the ARV will delay depressurization of the RCS, causing an
increase in the amount of reactor coolant discharged to the secondary side of the ruptured S/G.
A stuck-open ARV negatively affects the margin to overfill in two ways: 1) It drops the
ruptured S/G pressure and cools the RCS, which in turn increases the break flow rate.
2) It results in a lower RCS cooldown target temperature (to ensure subcooling is maintained
during the depressurization) and the lower target temperature results in a longer cooldown,
which in turn, extends the time it takes to terminate break flow. Although the ruptured S/G
mass releases are higher than the stuck-closed ARV case, the increase in integrated break flow
exceeds the extra steam released.
The analysis determined that the limiting single failure for MTO is a stuck-open ARV on the
ruptured S/G if the operators time to isolate the stuck-open ARV is greater than 8 minutes
(measured from S/G isolation). Furthermore, Reference 60 shows that the S/G will overfill if
it takes an operator greater than 10 minutes (from S/G isolatin) to isolate the stuck-open
ARV. However, if the operators time to recover from the single failure is 8 minutes or less,
then the analysis determined that the most limiting single failure is an ARV failing closed on
the ruptured S/G. Since time validations at the plant simulator confirm operators’ capability
to recover from either singe failure in 8 minutes or less, the most limiting single failure for
MTO is the ARV failing closed on the intact S/G (Case A of Reference 60).
15.6.3.3.2.2

Single Failure - Mass Release

The limiting single failure for the mass release analyses is the ARV failing open on the
ruptured steam generator (Reference 5). Failure of this ARV causes an uncontrolled
depressurization of the ruptured steam generator resulting in increased primary to secondary
flow.
Pressure in the ruptured steam generator remains less than the RCS until the failed ARV is
isolated and recovery actions are completed.
15.6.3.3.3
15.6.3.3.3.1

Operator Actions Assumed
Operator Actions to Terminate Tube Rupture Flow

Important operator actions in the Westinghouse Owners Group (WOG) Emergency Response
E-3 Guidelines are explicitly modeled in the analysis. These actions are intended to terminate
flow though the ruptured steam generator tube before proceeding to long-term cooldown.
The operator actions that are modeled include:
1. Identify the ruptured steam generator.
Several means are available to the operator. The predominant indications are an
unexpected rapid increase in the ruptured steam generator’s narrow range level following
the reactor trip, high radiation from a steam generator blowdown radiation monitor, or high
radiation from a steam line radiation monitor.
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2. Isolate steam flow from the ruptured steam generator and throttle auxiliary feedwater flow
to the ruptured steam generator.
Isolating the ruptured steam generator minimizes radiological releases and reduces the
possibility of overfilling by minimizing the accumulation of feedwater. In order to
minimize the margin to overfill, the TDAFW is assumed to be secured within 6 minutes of
the tube rupture. This action also enables the operator to establish a pressure differential
between the ruptured and intact steam generators as a necessary step toward terminating
primary to secondary flow. For the reference plant analysis in Reference 3, it was assumed
that the ruptured steam generator will be isolated when the level in the steam generator
reaches between being just on span and 50% on the narrow range instrument or after an
operator action time of 10 minutes, whichever is longer. Reference 3 assumed that the
ruptured steam generator would be isolated when level in the steam generator reached
midway between these points (33% narrow range level). The ruptured steam generator
was assumed to be isolated at 33% narrow range level or at 10 minutes, whichever was
longer.
3. Cool down the RCS by dumping steam from the intact steam generator.
The RCS is cooled down as rapidly as possible to a temperature less than the saturation
temperature corresponding to the ruptured steam generator’s pressure. The cooldown is
performed using the intact steam generator’s ARV since neither the steam dump valves nor
the condenser are available following the assumed loss of offsite power. The cooldown
continues until RCS subcooling at the ruptured steam generator pressure is 20F plus an
allowance of 18F for instrument uncertainty.
4. Depressurize the RCS after cooldown to minimize break flow and restore pressurizer level.
After cooldown of the RCS, safety injection is terminated since it is the principal
contributor to tube flow. Depressurizing the RCS is required to ensure an adequate RCS
inventory and reliable pressurizer level indication prior to stopping injection. Since offsite
power is assumed to be lost at the time of reactor trip, the reactor coolant pumps are not
running and thus normal pressurizer spray is not available. It is assumed that the operator
depressurizes the RCS using a PORV. The operator continues to depressurize until any of
the following is satisfied:
a.

RCS pressure is less than the ruptured steam generator pressure and pressurizer level
is greater than 10%, or

b.

Pressurizer level is greater than 75% (80% minus 5% allowance for level uncertainty),
or

c.

RCS subcooling is less than the 18F allowance for subcooling instrument
uncertainty.

5. Terminate safety injection to prevent repressurization of the RCS and terminate primary to
secondary flow.
Safety injection is terminated when all of the following are satisfied:
a.

The RCS pressure stabilizes or starts to increase

b.

Reactor coolant system subcooling is greater than the 18 F allowance for subcooling
instrument uncertainty
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c.

Minimum auxiliary feedwater flow is available or the intact steam generator level is in
the narrow range

d.

The pressurizer level is greater than the 10 % allowance for level uncertainty.

Operator action times were initially established from evaluations of plant simulator studies
and field data from five actual SGTR events (Reference 3). These action times consist of
two components: initiation times (for the operator to start actions) and plant/system
response times (for the plant conditions to reach performance objectives such as
temperature, pressure, flow, etc., required by the recovery action). The latter times are
determined from the thermal hydraulic transient analyses of the SGTR accident. The
operator action times were successively modified to more accurately reflect values
typically at the Ginna simulator (Reference 65). Such changes included longer delay to
initiate cooldown after isolating the ruptured S/G, and longer times for RCS
depressurization and safety injection termination (actions 3, 4 and 5 of this paragraph)
while at the same time crediting early termination of AFW and faster operator action to
recover from the single failure. The net effect of these changes was conservative on the
margin to Overfill scenario (less margin to overfull with the modified times), while it was
non-conservative for the mass release scenario (less mass release with the modified times).
Thus, the changes to the operators’ action times were only applied to the Margin to Overfill
analysis. The operator action times are summarized in Table 15.6-4.
15.6.3.3.3.2

Operator Actions Due to Single Failures

Additional operator actions are required to recover from the single failures postulated for the
overfill and mass release analyses (see Section 15.6.3.3.2). These operator actions (Reference
4), which occur outside the control room, include identifying and locally opening the intact
steam generator ARV, locally closing the intact steam generator ARV block valve, and locally
closing the ruptured steam generator ARV block valve. The times associated with performing
these operator actions are listed in Table 15.6-2.
15.6.3.3.3.3

Operator Actions for Cooldown to MODE 5 (Cold Shutdown)

Following termination of tube rupture flow, the operator is required to perform additional
actions to bring the plant to MODE 5 (cold shutdown) conditions. The operator actions are
defined in the WOG E-3 guidelines. Only two of the actions are explicitly considered in the
analysis.
The operator is required to cool the RCS to the residual heat removal system in-service
temperature by feeding and steaming the intact steam generator. The SGTR long-term mass
release analysis assumes the operator performs this action by dumping steam to the
atmosphere via the ARV. Although other preferable cooldown methods (such as steam dump
to the condenser to minimize activity releases) are identified in the WOG guidelines, steam
dump to the atmosphere is necessary because offsite power is assumed to be lost at the time of
reactor trip, causing the condenser to be unavailable.
Cooldown of the ruptured steam generator is performed after the RCS is cooled to the
residual heat removal system in-service temperature. With a loss of offsite power, the
operator immediately releases steam from the ruptured steam generator to the atmosphere.
(This
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method is conservative for radiological calculations since it maximizes the activity released
from the plant.) The operator maintains equal pressure between the RCS and ruptured steam
generator secondary side using the PORV as needed until the residual heat removal system is
brought on line.
With the exception of being on residual heat removal in 8 hours, explicit operator action times
are not defined since cooldown can proceed more gradually after tube rupture flow is
terminated.
15.6.3.3.4

Chronological Description of Event

The chronologies from tube rupture to the termination of break flow for the limiting margin to
overfill and mass release cases are shown in Table 15.6-3 and Table 15.6-5, respectively.
After the break flow is terminated, the limiting mass release case is continued until, by 8
hours, the residual heat removal system in-service conditions are reached. During this period,
the plant response is characterized by steaming off the intact steam generator to cool the RCS
to the residual heat system in-service temperature. At this point, the ruptured steam generator
is depressurized until the RCS reaches the residual heat removal system in-service pressure.
The SGTR accident is then considered ended. The corresponding steam releases as a function
of time for this sequence are shown in Table 15.6-7.
15.6.3.3.5

Impact on Fission Product Barriers

The fuel cladding maintains its integrity as a fission product barrier. Although iodine spiking
may result during depressurization of the RCS, the number of pre-existing cladding defects
(as limited by the Technical Specifications on coolant specific activity) does not increase.
The radiological calculations for the iodine spiking cases incorporate this assumption in the
iodine spiking source term.
The tube rupture results in the loss of the reactor coolant pressure boundary integrity in the
ruptured steam generator. The tube rupture flow significantly increases the activity
concentrations in the ruptured steam generator’s secondary side water and steam regions.
The loss of the pressure boundary is the principal transport mechanism for radionuclides
ultimately released to the environment. The pressure boundary integrity of the remaining
tubes in the ruptured and intact steam generators is not challenged since the RCS pressure
does not increase during this event. The integrity of the intact generator’s tubes is important
for limiting offsite doses since this generator is used to dump large quantities of steam to cool
down and approach residual heat removal system in-service conditions after termination of
the ruptured tube flow.
No discharge of water from the pressurizer is expected. The capacity of the pressurizer relief
tank is not exceeded, and the discharged activity in the steam relief is contained ensuring control
of radioactive materials.
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15.6.3.4
15.6.3.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

Parameters and initial conditions common to the margin to overfill and mass release analyses
are:
A. The plant is at 1817 MWt Nuclear Steam Supply System (NSSS) power, operating at the
high (576.0 F) or low (564.6 F) end of the TAVG window depending on the case analyzed.
Other initial conditions are summarized in Table 15.6-1.
B. The highest worth rod cluster control assembly is stuck in its fully withdrawn position at
reactor trip.
C. Reactor trip occurs when the over-temperature delta T setpoint is reached. No reactor trip
delay is assumed since it maximizes the secondary side inventory in the ruptured steam
generator and steam releases from both steam generators. It was also assumed that loss of
offsite power occurs at the time of reactor trip.
D. The turbine automatically trips following a reactor trip. Zero delay is assumed since it
minimizes the steam flow to the turbine and maximizes the secondary side water inventory
in the ruptured steam generator and steam releases from both steam generators.
E. The condenser is unavailable for steam dump following reactor trip due to the assumed loss
of offsite power. All subsequent steam relief is through the atmospheric relief valves
(ARV) (and main steam safety valves (MSSV), if needed).
F. A low ARV setpoint of 1065 psia is used since control at lower steam generator pressures
causes a greater primary to secondary side pressure differential and tube flow.
G. A greater than nominal safety injection setpoint is used (see Table 15.6-1). The higher
setpoint causes a higher primary to secondary side pressure differential that results in
greater break flow through the ruptured tube and longer time to pressure equalization.
H. Safety injection flow is from three safety injection (SI) pumps injecting into both reactor
coolant loops (see Figure 15.6-1). No actuation delays are assumed after the injection
setpoint is reached. These assumptions conservatively increase the break flow through the
ruptured tube.
I.

Auxiliary feedwater from all three preferred pumps is automatically started following
reactor trip and loss of offsite power. Maximum flow is equally split between the steam
generators, which are at nearly equal pressures until isolation. Maximum flow maximizes
the mass of water in the ruptured steam generator at the time of isolation (see Section
15.6.3.7).

J.

Operation of charging and letdown systems and pressurizer heaters are not credited.
Operation of these systems delays the reactor trip, which reduces the severity of the
analyzed transient.

For the margin to overfill cases:
A. The initial water mass in both steam generators corresponds to 60.0% on the narrow range
level. This mass represents the nominal (52%) steam generator water level at full power
with a +8.0% instrument uncertainty applied. A higher initial mass in the ruptured steam
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generator is conservative for reducing the margin to overfill. (The total fluid mass shown in
Table 15.6-1 corresponds to TAVG at 564.6F at full power with 10% tube plugging level
assumed.)
B. Turbine runback on over-temperature delta T at 10% per minute prior to reactor trip is
simulated but is not credited for delaying reactor trip. Turbine runback increases the
secondary water mass with reduced load, because the feedwater controller attempts to
maintain steam generator level as power decreases before the trip.
C. The ruptured steam generator’s fluid mass is artificially increased to simulate a turbine
runback to 89% power prior to trip. The mass (94,000 lbm) corresponds to the initial
maximum level at full power plus the differential mass between 100% and 89% power.
(Figure 15.6-3 shows the initial masses in the intact and ruptured steam generators.)
D. Conservatively low decay heat rates are used. Decay heat has competing effect on the
margin to overfill: higher decay heat yields a benefit by increasing steam releases from the
ruptured S/G, but results in a penalty from a longer cooldown and a conservatively delayed
break flow termination. Conversely, lower decay heat yields a penalty by reducing steam
releases from the ruptured S/G, but results in a benefit from a shorter cooldown and earlier
break flow termination. References 61, 62 and 64 document that lower decay heat is more
conservative for Ginna.
For the mass release analyses:
A. A turbine runback is not assumed since it delays reactor trip. An earlier reactor trip results
in greater steam releases to the atmosphere from both steam generators.
B. The steam generator water mass corresponds to 48.0% on the narrow range level. This
mass represents the full power, nominal steam generator water level with a -4.0%
instrument uncertainty applied. A lower initial mass in the ruptured steam generator
increases the predicted offsite doses. (The value shown in Table 15.6-1 corresponds to
TAVG at 576.0F with 10% tube plugging level assumed.)
C. Conservatively high decay heat rates are used. Higher decay heat conservatively
results in higher steam release from the ruptured S/G.
15.6.3.4.2

Methodology

The RETRAN02 code is used for the margin to overfill and the mass release analyses.
RETRAN02 is described in Section 15.0.7.
The margin to overfill analyses are performed with the RETRAN02 code using methodology
consistent with that described in Reference 3 with plant-specific parameters. The ruptured
steam generator’s secondary side water mass is calculated as a function of time to
demonstrate that overfill does not occur. The analysis is performed from the start of the
rupture until break flow is terminated at equalization of primary and secondary pressures.
The methodology includes the explicit modeling of operator actions in the WOG E-3
guidelines required for mitigation of the SGTR accident.
The mass release analyses are performed with the RETRAN02 code using methodology
consistent with that described in References 3 and 5. The plant response, the integrated

Page 177 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

primary to secondary break flow, feedwater flows to both steam generators, and the steam
releases to the condenser and to the atmosphere up to the time tube flow is terminated are
calculated using RETRAN02 results. When calculating the amount of break flow that
flashes to steam, 100% of the break flow is assumed to come from the hot leg side of the
break.
The steam release and feedwater flow from the time of tube flow termination to 2 hours, and
from 2 to 8 hours, are determined from mass and energy balances using the RCS and intact
steam generator conditions. Following termination of tube flow, the intact steam generator’s
ARV is assumed to cool down the plant at the maximum allowable rate of 100F/hour to a
residual heat removal system in-service temperature of 330 F.
The ruptured steam generator is assumed to be depressurized to the residual heat removal
system in-service pressure of 340 psia immediately after the cooldown of the RCS. The
amount of steam released is determined from mass and energy balances; no changes in
thermodynamic conditions are assumed from termination of tube flow until depressurization
is started since the ruptured steam generator is isolated. Steam releases from both steam
generators are considered terminated at 8 or 40 hours when the residual heat removal system
in-service conditions are reached.
Margin to overfill and mass release analyses include the effects of the limiting single failures
and operator recovery actions described in Sections 15.6.3.3.2 and 15.6.3.3.3, respectively.
15.6.3.4.3

Acceptance Criteria

No acceptance criteria are used for the margin to overfill and mass release analyses. Both
analyses are performed using conservative assumptions to demonstrate the ability of the
operator to limit the system transient and establish parameters for providing a bounding
radiological consequence assessment.
Radiological acceptance criteria applicable to SGTR accidents are:
A. Radiological doses should not exceed 10 CFR 50.67 guidelines with a pre-existing iodine
spike in the reactor coolant
B. Radiological doses should not exceed Regulatory Guide 1.183 guidelines with an accidentinitiated iodine spike and the reactor coolant at its equilibrium iodine concentration for
continued full power operation.
15.6.3.4.4

Results

Only the results for the limiting margin to overfill and mass release cases are presented.
15.6.3.4.4.1

SGTR Margin to Overfill Transient Analysis

Results are presented for the worst-case margin to overfill analysis (Case A of Reference 60).
The minimum margin to overfill occurs with a steam generator tube plugging level of 0% and
with the reactor initially operating with TAVG at 564.6F. The sequence of events is
summarized in Table 15.6-3 and Figures 15.6-2 to 15.6-7 show primary and secondary side
responses until the SGTR flow is terminated. The SGTR margin to overfill analysis includes
100 seconds of steady state operation prior to break initiation.
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The reactor coolant flow to the secondary side through the ruptured tube immediately causes
the pressurizer level and pressure to decrease as shown in Figure 15.6-2. The continued
decrease in pressurizer pressure causes the over-temperature delta T setpoint to be reached 66
seconds post SGTR, followed by immediate reactor and turbine trips. The reactor coolant
pumps trip due to the assumed loss of offsite power at the time of reactor trip. Immediately
following reactor trip, the temperature differential across the hot and cold legs decreases as
core power decays. The temperature differential then increases as shown in Figure 15.6-4 as
both pumps coast down and natural circulation flow develops.
With the steam dump valves closed after trip (due to the loss of condenser vacuum resulting
from the assumed loss of offsite power at the time of reactor trip), the secondary side pressures
in both steam generators increase rapidly to the ARV setpoint as shown in Figure 15.6-3. The
pressurizer level and pressure continue to drop, and safety injection is actuated via the low
pressurizer pressure setpoint at 369 seconds (see Figure 15.6-2 and Table 15.6-3).
The operator isolates the ruptured steam generator by stopping turbine driven auxiliary
feedwater flow at 5 minutes post trip and isolating steam flow and throttling motor-driven
auxiliary feedwater flow at 10 minutes post SGTR (see Table 15.6-3). The operator actions
are assumed at 10 minutes since the ruptured steam generator’s narrow range level has
previously returned to greater than 33% (see Section 15.6.3.3.3.1, item 2). After 10 minutes,
the increase in fluid mass in the ruptured steam generator shown in Figure 15.6-3 is due to the
ruptured tube flow.
There is a 10-minute operator delay time before initiating the cooldown (see Table 15.6-4 and
Section 15.6.3.3.3.1, item 3). The intact steam generator’s ARV is assumed to fail at the start
of cooldown. An additional delay is required for the operator to identify and open the ARV
(see Section 15.6.3.3.3.2), and at 1480 seconds, the valve is opened. The subsequent
reduction in the intact steam generator’s pressure is shown in Figure 15.6-3, and the resulting
cooldown of the RCS temperature is shown in Figure 15.6-4. The pressurizer pressure also
decreases during this cooldown as shown in Figure 15.6-2. The cooldown is continued until
RCS subcooling at the ruptured steam generator pressure is 20F plus an allowance of 18F
for instrument uncertainty. After cooldown, it takes the operator 5 minutes to close the ARV
block valve. The valve is completely closed at 2701 seconds.
The operator begins to depressurize the RCS using the PORV at 2941 seconds after a 4minute delay (see Section 15.6.3.3.3.1, item 4, and Table 15.6-4). Depressurization is
terminated at 2974 seconds when the RCS pressure is reduced below the ruptured steam
generator’s pressure and the pressurizer’s level is greater than 5%. The depressurization
reduces pressurizer pressure and the break flow and increases safety injection flow to refill the
pressurizer as shown in Figures 15.6-2 and 15.6-5. Note that the analysis used 5%
pressurizer level as condition for terminating depressurization, while the SGTR Emergency
Operating Procedure states 10%. The impact of this difference is conservative for MTO, as an
impact of 10% in the analysis would result in slightly increased period or reversed break flow,
which is a benefit for the MTO analysis.
Safety injection is not terminated in the analysis until the criteria in Section 15.6.3.3.3.1, item
5, are satisfied. The RCS pressure is allowed to increase to 50 psi above the ruptured steam
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generator pressure to ensure that the RCS pressure is increasing when safety injection is
terminated. The operator terminates safety injection after a two-minute delay (see Table
15.6-4) at 3094 seconds and the RCS pressure begins to decrease as shown in Figure 15.6-2.
The intact steam generator’s ARV is opened to dump steam (see Figure 15.6-6) and maintain
an adequate RCS subcooling margin. When the ARV is opened, the increased energy transfer
from the primary to the secondary side also aids in the depressurization of the RCS to the
ruptured steam generator’s pressure (see Figures 15.6-2 and 15.6-3). The primary to
secondary flow continues until the RCS and ruptured steam generator pressures equalize at
approximately 3709 seconds.
The primary to secondary flow rate and water volume in the ruptured steam generator are
shown in Figure 15.6-5 and 15.6-7, respectively. Figure 15.6-7 shows a 108 ft3 margin to
overfill relative to the total steam generator’s total volume of 4512.7 ft3.
15.6.3.4.4.2

SGTR Mass Release Transient Analysis

The maximum mass release (Case 5 of Reference 63) occurs with a steam generator tube
plugging level of 10% and with the reactor initially operating with TAVG at 576.0F. The
sequence of events is summarized in Table 15.6-5, and the primary and secondary side
responses appear in Figures 15.6-8 to 15.6-13. Total mass releases for use in the dose analyses
are summarized in Table 15.6-7. The SGTR mass release transient analysis includes 100
seconds of steady state operation prior to break initiation.
The mass release and margin to overfill results are similar until 10 minutes from break
initiation. The mass-release transient modeled a low initial secondary inventory and
minimum auxiliary feedwater flow. As a result, the ruptured steam generator level did not
reach 33% until 942 sec. Isolating the ruptured steam generator was, therefore, delayed until
942 sec. At 942 sec, the ruptured steam generator's ARV is assumed to fail open (see Section
15.6.3.3.2.2). The failure of the ARV causes the steam generator to rapidly depressurize and
the primary to secondary flow through the ruptured tube to increase (see Figures 15.6-9 and
15.6-11). The ruptured steam generator’s depressurization causes the RCS pressure and
temperature to decrease more rapidly than the overfill case (see Figures 15.6-8 and 15.6-10)
as well as a greater cooldown of the intact steam generator. The operator identifies and
locally closes the block valve for the failed ARV after 15 minutes (see Section 15.6.3.3.3.2).
The depressurization of the ruptured steam generator ceases at 1842 seconds, and its pressure
begins to increase as shown in Figure 15.6-9.
There is a 5-minute operator action delay time imposed prior to initiating cooldown after the
failed ARV’s block valve is closed (see Table 15.6-4). The cooldown is performed using the
intact steam generator’s ARV to dump steam to the atmosphere and continues until the RCS
subcooling at the ruptured steam generator pressure is 20F plus an allowance of 18F for
instrument uncertainty (see Section 15.6.3.3.3.1, item 3). Because of the lower pressure in
the ruptured steam generator when the cooldown is initiated, the RCS must be cooled to a
lower temperature to satisfy the cooldown criterion. The net effect is that the cooldown
period is longer relative to the overfill case. The cooldown is completed at 4373 seconds
when the operator closes the ARV on the intact steam generator. The reductions in the intact
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steam generator pressure and the RCS temperature during the cooldown period are shown in
Figures 15.6-9 and 15.6-10, respectively.
The RCS depressurization begins later than the limiting margin to overfill case. After a 2minute delay (see Table 15.6-4), the operator uses the PORV to depressurize starting at 4493
seconds. Depressurization is terminated at 4546 seconds when the RCS pressure is less than
the ruptured steam generator’s pressure and the pressurizer’s level is above 5% (see Section
15.6.3.3.3.1, item 4). During depressurization, safety injection flow will refill the pressurizer
while break flow is reduced as shown in Figures 15.6-8 and 15.6-11, respectively.
Like the overfill analysis, safety injection is terminated when the criteria in Section
15.6.3.3.3.1, item 5, are satisfied and the RCS pressure reaches 50 psi above the ruptured
steam generator’s pressure. At this point, a 1-minute operator delay (see Table 15.6-4) is
assumed before shutting down safety injection at 4607 seconds. The RCS pressure begins to
decrease as shown in Figure 15.6-8. The intact steam generator’s ARV is then opened (see
Figure 15.6-12) to maintain RCS temperature and subcooling margin. Figure 15.6-11 shows
that the primary to secondary flow continues until the RCS and ruptured steam generator
pressures equalize at 5684 seconds.
The maximum integrated flashing break flow is 6586 lbm. The limiting single failure used in
the mass release analyses is intended to maximize the total flow through the ruptured tube.
The effect of the single failure and operator recovery assumptions can be observed by
comparing the integrated SGTR flow in Figure 15.6-11 and the steam relief flow in Figure
15.6-12 to the margin to overfill results in Figures 15.6-5 and 15.6-6.
Following termination of the tube flow, the RCS is cooled down using the intact steam
generator. The steam releases are presented in Table 15.6-7. Since the condenser is in service
until reactor trip, any radioactivity released to the atmosphere before reactor trip is through
the condenser air ejector. After reactor trip, the releases are assumed to be via the ARVs.
Table 15.6-7 indicates that approximately 82,900 lbm of steam is released to the atmosphere
from the ruptured steam generator within the first 2 hours (i.e., the ruptured steam generator is
isolated within this interval). After 2 hours, 26,800 lbm of steam is released to the
atmosphere from the ruptured steam generator when it is depressurized after the RCS is
cooled to the residual heat removal system in-service temperature (see Section 15.6.3.3.3.3).
Therefore, 175,870 lbm of reactor coolant flows through the tube rupture before break flow is
terminated.
15.6.3.5

Radiological Consequences

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and offsite doses were also analyzed. Reference 53 is now considered to be
the Steam Generator Tube Rupture analysis of record. The analysis was performed using the
alternate source term (AST) per 10 CFR 50.67 and Reference 54. The two cases evaluated
were with a pre-accident iodine spike to the Technical Specifications limit, and an accidentinitiated iodine spike of a factor of 335. The new methodology and analysis was approved by
the NRC in Reference 55 as supplemented by Reference 56. The assumptions used in the
analysis are summarized in Table 15.6-6, and the results are contained in Table 15.6-8.
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15.6.3.6

Conclusions

Margin to overfill and mass release analyses were performed for the SGTR accident. The
minimum margin to overfill occurs with the reactor initially at full power at low TAVG
(564.6F) and a 0% steam generator tube plugging level. The maximum mass release occurs
with the reactor initially at full power at high TAVG (576.0F) and a 10% steam generator tube
plugging level. ARV failures are the worst-case single failures and result in the limiting overfill
and mass release conditions. The effects of operator actions required to recover from the
single failures and terminate ruptured tube flow are included in the analyses.
The margin to overfill analyses demonstrate that the operator can terminate flow through the
ruptured tube without filling the steam lines with water, which could result in increased
radiological consequences. The mass release analyses determine the maximum amounts of
steam discharged from the plant and reactor coolant flowing in to the ruptured steam generator.
Both quantities are used in determining limiting dose consequences.
The radiological consequences of a SGTR accident at the exclusion area boundary (EAB) and
low population zone (LPZ) are within the allowable guidelines in 10 CFR 50.67.
15.6.4

PRIMARY SYSTEM PIPE RUPTURES

A loss-of-coolant accident (LOCA) is defined as a rupture of the reactor coolant system
(RCS) piping or of any line connected to the system. The small break LOCA includes all
postulated pipe ruptures with a total cross-sectional area less than 1.0 ft2. The small break
LOCA analyses are described in Section 15.6.4.1. The large break LOCA includes
postulated pipe ruptures with a total cross-sectional area greater than 1.0 ft2. The large break
LOCA analyses are described in Section 15.6.4.2.
15.6.4.1
15.6.4.1.1

Loss of Reactor Coolant from Small Ruptured Pipes or From Cracks in Large
Pipes Which Actuates Emergency Core Cooling System (ECCS)
Description of Event

Two classes of small breaks are evaluated: (1) those breaks whose mass release remains
within the capability of the charging pumps and (2) postulated pipe breaks less than 1.0 ft2
area which actuate the emergency core cooling system (ECCS).
Ruptures of small cross section (i.e., very small breaks) will cause expulsion of the coolant at
a rate that can be accommodated by the charging pumps, which would maintain an
operational water level in the pressurizer permitting the operator to execute an orderly
shutdown. Since no additional cladding failures would occur, there is no fuel damage, and
any activity released to the containment is from the fission products in the reactor coolant.
The maximum break size for which the normal makeup system can maintain the pressurizer
level is obtained by comparing the calculated flow from the RCS through the postulated break
against the charging pump makeup flow at normal RCS pressure and temperature, i.e., 2280
psia and 560F. A makeup flow rate from one charging pump is typically adequate to sustain
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pressurizer pressure at 2280 psia for a break through a 0.125-inch diameter hole. This break
results in a loss of approximately 15 gpm.
The small break LOCAs analyzed in this section are for those breaks beyond the capability of
a single charging pump resulting in the actuation of the ECCS.
15.6.4.1.2

Frequency of Event

Small break LOCAs corresponding to Condition III events are analyzed in this section. Small
break LOCAs less than 1.0 ft2 area would prevent the orderly shutdown and cooldown of the
reactor assuming reactor coolant makeup is provided by normal makeup systems. As such,
small break LOCAs are considered ANS Condition III events (Reference 16). Condition III
occurrences are faults which may occur very infrequently during the life of the plant. Very
small breaks where a charging pump can provide sufficient flow to permit an orderly shutdown are classified as ANS Condition II events of moderate frequency. Section 15.0.8
discusses the ANS classification categories.
15.6.4.1.3

Event Analysis

Generic analyses using NOTRUMP were performed and presented in Reference 13. These
analyses demonstrate that, in a comparison of cold leg, hot leg, and pump suction leg break
locations, the cold leg break location is limiting as a result of reduced core flow due to the
loop seal effect.
Analyses were performed for cold leg breaks with a spectrum of break sizes with equivalent
diameters ranging from 1.5 to 3 inches. The plant was assumed to be at full power in all cases
at high TAVG (576F) conditions. The loss of offsite power to the emergency safeguards
buses is assumed coincident with the reactor trip.
The analyses were performed for Ginna Extended Power Uprate (EPU) at a core power of
1811 MWt.
15.6.4.1.3.1

Protective Features

Protective features credited in the small break LOCA analysis include:
1. Reactor Trip System (RTS) - Reactor trip is actuated on two-out-of-four low pressurizer
pressure (RTS) signals.
2. Engineered Safety Features Actuation System (ESFAS) - A safety injection actuation signal
is generated on two-out-of-three low pressurizer pressure (ESFAS) signals.
3. Safety Injection - The safety injection signal will result in the startup of the high-head
safety injection pumps. The single failure assumed in the analysis and start of one diesel
generator will result in the startup of one safety injection pump plus the swing injection
pump supplying two RCS cold leg injection paths.
4. Feedwater Isolation - A safety injection signal will result in feedwater isolation causing all
main feedwater regulating, bypass, and main feedwater isolation valves to rapidly close.
An engineered safety feature sequence initiation signal will result in all main feedwater
regulating and bypass valves to rapidly close.
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5. Auxiliary Feedwater - The single failure assumed in the analysis and start of one diesel
generator will result in start of one motor-driven auxiliary feedwater pump aligned to one
steam generator. On loss of offsite power, the turbine-driven auxiliary feedwater pump
starts feeding both steam generators. The analysis assumes no flow to either steam
generator during the short-term transient response.
6. Main Steam Safety Valves (MSSVs) - The MSSVs protect the secondary side against overpressurization following reactor trip. The MSSVs are considered passive components and
do not fail to open.
7. Accumulators - Two accumulators provide reactor coolant for makeup of the RCS
inventory for small break LOCAs. The accumulators perform their function when the RCS
pressure decreases below the accumulator’s pressure. The accumulators are not assumed to
fail given their passive design.
15.6.4.1.3.2

Single Failures Assumed

The most limiting single active failure for a small break loss-of-coolant accident (LOCA) has
been determined to be the failure of a diesel generator to start for the limiting power
availability condition, loss of offsite power. This scenario results in the loss of one highhead safety injection pump, one low-head (residual heat removal) safety injection pump, one
motor-driven auxiliary feedwater pump, two containment recirculation fan coolers, and one
containment spray pump. However, since the Ginna emergency core cooling system (ECCS)
configuration contains a "swing pump" (a high-head safety injection pump that automatically
aligns to the affected cold leg when the high-head safety injection pump normally aligned to
that cold leg fails to start), there is always one high-head safety injection pump connected to
each cold leg. This analysis assumes two high-head safety injection pumps, each connected
to a cold leg.
15.6.4.1.3.3

Operator Actions Assumed

For the small break LOCAs, operator actions are assumed to realign the high-head safety
injection suction to the discharge of the residual heat removal during the switchover to cold
leg recirculation, resulting in a 10-minute interruption of cold leg safety injection.
15.6.4.1.3.4

Chronological Description of Event

For postulated breaks exceeding makeup capability, depressurization of the reactor coolant
system (RCS) causes fluid to flow to the RCS from the pressurizer, resulting in a pressure and
level decrease in the pressurizer. Reactor trip occurs when the reactor trip low pressurizer
pressure setpoint is reached. The safety injection system is actuated when the appropriate
safety injection low pressurizer pressure setpoint is reached. The consequences of the
accident are limited in two ways:
1. Reactor trip and borated water injection complement void formation in causing rapid
reduction of nuclear power to a residual level that corresponds to the delayed fission and
fission product decay.
2. Injection of borated water ensures sufficient flooding of the core to prevent excessive
cladding temperatures.
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Before the break occurs, the plant is in an equilibrium condition, i.e., the heat generated in the
core is being removed via the secondary system. Reactor trip and reactor coolant pump trip
are assumed coincident with loss of offsite power. The effects of reactor coolant pump
coastdown are included in the blowdown analysis. During blowdown, heat from decay, hot
internals, and the vessel continues to be transferred to the RCS. Heat transfer between the
RCS and the secondary system may be in either direction depending on the relative
temperatures. In the case of continued heat addition to the secondary system, pressure
increases and steam dump may occur. Makeup to the secondary side is automatically
provided by the auxiliary feedwater pumps. The safety injection signal stops normal
feedwater flow by closing the main feedwater isolation valves and initiates emergency
feedwater flow by starting auxiliary feedwater pumps. The secondary flow aids in the
reduction of RCS pressure. When the RCS depressurizes to 714.7 psia, the accumulators
begin to inject water into the reactor coolant loops.
The time sequence of events for each of the small break LOCAs evaluated are provided in
Table 15.6-13.
15.6.4.1.3.5

Impact on Fission Product Barriers

The fuel cladding peak temperatures remain below the required limits of 10 CFR 50.46
(Reference 12). The analyses show that fuel rods can become partially uncovered during
limiting small break LOCA transients; therefore, fission products are assumed to be released
even though these releases would be precluded by the performance of the ECCS.
The RCS pressure boundary is breached by the postulated small break; therefore, pressure
boundary integrity is lost for this event.
The containment system remains available as a barrier to the release of radioactivity.
15.6.4.1.4
15.6.4.1.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

Input important to a small break LOCA are selected in accordance with sensitivities
calculated for small break LOCAs using NOTRUMP (Reference 13).
A. Core power level is assumed to be 1811 MWt. All breaks are analyzed at high TAVG
(576.0F) conditions.
B. Key assumptions used in the small break LOCA analyses are provided in Table 15.6-11.
C. The safety injection flow characteristics as a function of RCS pressure are provided in
Table 15.6-10. The characteristics assume 5% pump degradation with one line spilling to
containment. Credit for safety injection flow delivery to the RCS was delayed 32 seconds
after the safety injection signal was generated at the pressurizer pressure low setpoint.
D. Main steam safety valve set pressures and flows are provided in Table 15.6-12.
E. The accident analysis assumed nominal accumulator water volume (1115 ft3) with a
minimum cover gas pressure of 114.7 psia.
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F. Minimum ECCS availability is assumed for the analysis, and pumped ECCS water is
conservatively assumed to be at the maximum refueling water storage tank (RWST)
temperature.
G. The small break LOCA analysis assumes the core continues to operate at full rated power
until the control rods are completely inserted.
15.6.4.1.4.2

Methodology

The small break LOCA analyses were performed with the Westinghouse 1985 small break
LOCA emergency core cooling system (ECCS) NOTRUMP evaluation model (References 9,
10, 11 and 21). This evaluation model consists of the NOTRUMP code (References 9, 10 and
21) and the LOCTA code (Reference 11).
The NOTRUMP small break LOCA evaluation model was developed to provide a better
estimate calculation of small break LOCA behavior in a Westinghouse designed nuclear
steam supply system while complying with the requirements of 10 CFR 50.46 and Appendix
K (Reference 12) of 10 CFR 50. In order to provide a better estimate calculation of the
reactor coolant system’s (RCS) response NOTRUMP employed better estimate models and
modeling assumptions whenever possible and wherever allowed by Appendix K (Reference
12).
NOTRUMP models the RCS as volume nodes interconnected by flow paths. The intact and
broken loops are modeled explicitly. The transient behavior of the system is determined from
the governing conservation equations of mass, energy, and momentum applied throughout the
system. The multinode capability of the program enables an explicit and detailed spatial
representation of various system components. In particular, it enables a proper calculation of
the behavior of the loop seal during a LOCA.
The Ginna residual heat removal pumps inject directly to the reactor vessel in the upper
plenum region during the cold leg injection phase. The effect of flow from the residual heat
removal pumps is generally not important in the small break LOCA analyses since the shutoff
head is lower than the RCS pressure during the typical time portion of the transient
considered here. Therefore, the NOTRUMP model did not include any upper plenum
injection residual heat removal flow.
Westinghouse LOCA methodology conservatively assumes that one of the injection lines is
spilling during a LOCA. The safety injection flows used in the LOCA analysis are calculated
assuming that the branch line with least resistance (Loop B) is spilling rather than injecting to
the RCS. However, the high-head safety injection pumps for Ginna are not headered;
therefore, the spilling assumption has no other effect on delivered flow.
Peak clad temperature calculations are performed with the LOCTA-IV (Reference 11) code
using the NOTRUMP calculated core pressure, fuel rod power history, and uncovered core
steam flow and mixture heights as boundary conditions. While NOTRUMP models an
average core rod, LOCTA-IV models the hot rod and the average hot assembly rod. The
LOCTA-IV model accounts for the power shape distribution effect which is greater in the
upper core regions during typical small break LOCAs. This distribution is limiting for small
break LOCAs since it maximizes vapor superheating and fuel rod heat generation at the
uncovered elevations. The fuel rod initial conditions, which include temperature, rod
internal pressure,
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and fission gas composition, are calculated in accordance with the Westinghouse improved
fuel performance models (Reference 48).
15.6.4.1.4.3

Acceptance Criteria

The acceptance criteria for the small break LOCA analysis are defined per 10 CFR 50.46
(Reference 12). The acceptance criteria are summarized below:
A. The calculated peak fuel element cladding temperature is below 2200F.
B. The maximum local metal-water reaction is less than 17% of the total cladding thickness
before oxidation.
C. The maximum hydrogen generation is less than 1% of the hypothetical amount that would
be generated if all cladding (except for the cladding surrounding the plenum volume) were
to react.
D. The core geometry remains amenable to cooling.
E. The core temperature is reduced and decay heat is removed for an extended period of time,
as required by the long-lived radioactivity remaining in the core.
15.6.4.1.4.4

Results

To identify the limiting break size, a spectrum of breaks ranging from 1.5 to 3 inches in
diameter were analyzed. The thermo-hydraulic transient results for the breaks in the
spectrum analyzed are summarized in Table 15.6-13, while the rod heat up results for those
transients are summarized in Table 15.6-14.
The worst small break is the 2-inch equivalent diameter high TAVG break. This break has the
highest peak clad temperature for the spectrum of breaks analyzed. The depressurization
transient for this break is shown in Figure 15.6-15. The core mixture level, showing the
extent of core uncovery, is shown in Figure 15.6-16.
The cladding temperature transient is shown in Figure 15.6-17 for the break with the highest
cladding temperature. The peak clad temperature of 1167F occurred at 1650 seconds.
The core exit vapor flow rate is shown in Figure 15.6-18. The hot spot heat transfer
coefficient for the core uncovery time is shown in Figure 15.6-19. The hot spot fluid
temperature for this worst break is shown in Figure 15.6-20.
Figure 15.6-21 presents the core axial power shape utilized to perform the small break analysis.
This power shape was chosen because it provides a limiting distribution of power versus core
height while maximizing local power in the upper regions of the reactor core.
Additional break sizes were analyzed to identify the limiting break size. Figures 15.6-22 and
15.6-23 present the reactor coolant system (RCS) pressure transients for the 1.6 inch and the
3-inch breaks. Figures 15.6-24 and 15.6-25 present the core mixture level plots for those
same two breaks. The peak clad temperatures for 1.5 inch and the 3-inch breaks were lower
than the 2-inch break. The peak clad temperature transients the 1.5 inch and the 3-inch breaks
are given in Figures 15.6-26 and 15.6-27, respectively.
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15.6.4.1.4.5

Effect of Emergency Core Cooling System (ECCS) Evaluation Model
Modifications

This section is used to document penalties assigned to the SBLOCA analysis. There are new
penalties assigned to the new accident of record.
15.6.4.1.5

Radiological Evaluation

The radiological consequences of a small break LOCA are bounded by the large break LOCA
provided in Section 15.6.4.2.5.
15.6.4.1.6

Conclusions

Analyses presented in Section 15.6.4.1.4 show that the high head portion of the emergency
core cooling system (ECCS), together with the accumulators, provide sufficient core flooding
to keep the calculated peak clad temperatures below the required limits of 10 CFR 50.46
(Reference 12). Hence, adequate protection is afforded by the ECCS in the event of a small
break LOCA.
15.6.4.2

Major Reactor Coolant System Pipe Ruptures (Loss-of-Coolant Accident)

The analysis specified by 10 CFR 50.46, "Acceptance Criteria for Emergency Core Cooling
Systems for Light Water Power Reactors" (Reference 12), is presented in this section for a
major rupture of the reactor coolant system (RCS) pressure boundary. A major pipe rupture
(large break) is defined as a breach in the reactor coolant pressure boundary with a total crosssectional area greater than 1.0 ft2.
15.6.4.2.1

Description of Event

The plant is assumed to be in a full power, equilibrium condition, i.e., the heat generated in
the core is being removed through the steam generator secondary system. At the beginning of
the blowdown phase, the entire reactor coolant system (RCS) contains subcooled liquid
which transfers heat from the core by forced convection with some fully developed nucleate
boiling. During blowdown, heat from fission product decay, hot internals, and the vessel
continues to be transferred to the reactor coolant. After the break develops, the time to
departure from nucleate boiling is calculated. Thereafter, the core heat transfer is unstable,
with both nucleate boiling and film boiling occurring. As the core becomes voided, both
transition boiling and forced convection are considered as the dominant core heat transfer
mechanisms.
Radiant heat transfer is also considered.
The heat transfer between the RCS and the secondary system may be in either direction
depending on the relative temperatures. In the case of the large break LOCA, the primary
pressure rapidly decreases below the secondary system pressure, and the steam generators are
an additional heat source.
When the RCS depressurizes to approximately 765 psia, the accumulators begin to inject
borated water into the reactor coolant loops. For breaks in the cold leg of the RCS, borated
water from the accumulator in the broken loop is assumed to spill to containment and be
unavailable for core cooling. Flow from the accumulator in the intact loop may not reach the
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core during depressurization of the RCS due to the fluid dynamics present during the
emergency core cooling system (ECCS) bypass period. ECCS bypass results from the
momentum of the fluid flow up the downcomer which entrains ECCS flow out toward the
cold leg break. Bypass of the safety injection diminishes as mechanisms responsible for the
bypassing become no longer significant.
The blowdown phase of the transient ends when the RCS (initially assumed to be around
2250 psia) falls to a value approaching that of the containment atmosphere. After blowdown,
refill of the reactor vessel lower plenum begins. Refill is completed when emergency core
cooling water has filled the lower plenum of the reactor vessel, which is bounded by the
bottom of the fuel rods (called bottom of core recovery time).
The reflood phase of the transient is essentially the time period lasting from bottom of core
recovery until the reactor vessel has been filled with water to the extent that the core
temperature rise has been terminated. From the latter stage of blowdown and on into the
beginning of reflood, the intact loop safety injection accumulator rapidly discharges borated
cooling water into the RCS. Although the portion injected before the end of bypass is lost
out the cold leg break, the accumulator eventually contributes to the filling of the reactor
vessel downcomer. The downcomer water elevation head provides the driving force required
for the reflooding of the reactor core. The safety injection pumps aid in the filling of the
downcomer and core and subsequently supply water to help maintain a full downcomer and
complete the reflooding process. The upper plenum injection also aids the reflooding
process by providing water to the core through the vessel upper plenum.
The end of the refill phase and the beginning of the reflood phase, i.e., bottom of core time, is
not as significant an event or as easily defined for the two-loop upper plenum injection large
break LOCA WCOBRA/TRAC evaluation model when compared to previous Westinghouse
large break evaluation models. The typical practice for WCOBRA/TRAC analyses is to
report the time the collapsed liquid level reaches 95% of the lower plenum as the bottom of
core time. However, since a significant portion of the upper plenum safety injection water
can flow down the low power/periphery channels of the core, significant cooling of the hot
rod can occur before this time due to transverse flows within the core. In some cases, this
cooling can be sufficient to cause the peak clad temperature to occur prior to the bottom of
core time.
After the water level of the refueling water storage tank (RWST) reaches a minimum
allowable value, coolant for long-term cooling of the core is obtained by switching from the
injection mode to the sump recirculation mode of ECCS operation. Spilled borated water is
drawn from the containment sump by the low-head safety injection pumps and returned to the
upper plenum. Core temperatures are then reduced to long-term steady state levels associated
with dissipation of decay heat generation.
Long-term cooling includes long-term criticality control. Criticality control is achieved by
maintaining subcriticality with boron in the ECCS and sump without credit for rod cluster
control assembly insertion. The necessary RWST and accumulator boron concentrations are
a function of each core design and are verified each cycle.
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15.6.4.2.2

Frequency of Event

The large break LOCA is considered an ANS Condition IV event (Reference 16). Condition
IV occurrences are faults which are not expected to occur during the lifetime of the plant but
are postulated because the consequences include the potential for the release of significant
amounts of radioactive material. Section 15.0.8 discusses the ANS classification categories.
15.6.4.2.3

Event Analysis

The analysis was performed using ASTRUM. Westinghouse developed an alternative
uncertainty methodology called ASTRUM, which stands for Automated Statistical Treatment
of Uncertainty Method (Reference 22). This method is still based on the Code Qualification
Document (CQD, Reference 19) methodology and follows the steps in the Code Scaling,
Applicability, and Uncertainty (CSAU) methodology. However, the uncertainty analysis
(Element 3 in the CSAU) is replaced by a technique based on order statistics. The ASTRUM
methodology replaces the response surface technique with a statistical sampling method
where the uncertainty parameters are simultaneously sampled for each case.
This analysis consists of 124 WCOBRA/TRAC cases, which support the following peaking
factors:
FdH = 1.72
FQ = 2.60
Also, the uncertainty of the pressurizer pressure used was 60 psi.
All analyzed cases were performed for Ginna Extended Power Uprate (EPU) at a core power
of 1811 MWt.
As part of the Increase in Containment Air Temperature project (Reference 66), 15 of the
original cases were re-analyzed considering both the increase in Accumulator temperature
and Thermal Conductivity Degradation (TCD).
15.6.4.2.3.1

Protective Features

Protective features credited in the large break LOCA analysis include:
1. Reactor Trip System (RTS) - Reactor trip is simulated by isolating the steam generator
secondary side at the onset of a transient. This assumption is considered conservative since
it effectively eliminates heat transfer from the primary system to the secondary loop
through the steam generator. Note that no credit is taken for the insertion of the control
rods (see Section 15.6.4.2.3.2).
2. Engineered Safety Features Actuation System (ESFAS) - A safety injection actuation signal
is generated on two-out-of-three low pressurizer pressure (ESFAS) signals. The low
pressurizer pressure signal is conservatively assumed to generate the safety injection signal
although the high containment pressure signal is likely to occur earlier for the large break
LOCA.
3. Safety Injection - The safety injection signal will result in the startup of the high-head and
low-head safety injection pumps. The single failure assumed in the analysis will result in
the startup of one safety injection pump plus the swing injection pump supplying two RCS
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cold leg injection paths. The assumed single failure will result in the start up of one of two
residual heat removal pumps used for upper plenum injection.
4. Accumulators - Two accumulators are available to inject coolant during the initial phases of
large break LOCAs. The accumulators perform their function when the RCS pressure
decreases below the accumulator’s pressure. The accumulators are not assumed to fail
given their passive design; however, only one accumulator is credited because of the
possibility of one accumulator’s injection spilling out the cold leg break.
15.6.4.2.3.2

Single Failures Assumed

For large break loss-of-coolant accidents (LOCAs), the limiting single failure is one which
minimizes the amount of emergency core cooling system (ECCS) flow delivered to the core
without reducing the capability of the emergency safeguards systems to reduce the
containment pressure. A lower containment backpressure reduces the reflooding rate due to
the increased difficulty in venting steam as a result of increased steam binding. The lowest
containment pressure is obtained only if all containment spray pumps and containment
recirculation fan coolers (CRFCs) operate subsequent to the postulated LOCA. As such, both
trains of active heat removal systems are assumed to fully operate. This is consistent with
the NRC Branch Technical Position CSB 6-1 (Reference 18). Therefore, for the purposes of
large break LOCA analyses, the most limiting single failure would be the loss of one ECCS
train (one high-head safety injection pump and one low-head safety injection pump) with full
operation of the spray pumps and containment recirculation fan coolers (CRFCs).
An additional conservative assumption is that the insertion of control rods to shut down the
reactor is neglected in the large break LOCA analysis, although in reality some control rod
insertion may occur.
15.6.4.2.3.3

Operator Actions Assumed

No operator actions are assumed in the large break LOCA analyses. The transients are run
until reflood is complete and the core is well on its way to or has achieved quench.
15.6.4.2.3.4

Chronological Description of Event

The LOCA transient can be conveniently divided into a number of time periods in which
specific phenomena are occurring. For a typical large break, the blowdown period can be
divided into the critical heat flux (CHF) phase, the upward core flow phase, and the
downward core flow phase. These are followed by the refill, reflood, and long-term cooling
phases. The important phenomena occurring during each of these phases are discussed for
the initial transient. The results are shown in Figures 15.6-35 through 15.6-46.
Critical Heat Flux (CHF) Phase
The reactor coolant pumps are assumed to trip coincident with the break opening. Shortly
after the break is assumed to open, the vessel depressurizes rapidly and the core flow
decreases as subcooled liquid flows out of the vessel into the broken cold leg. The fuel rods
go through departure from nucleate boiling (DNB) and the cladding rapidly heats up (Figure
15.6-35 ) while the core power shuts down due to voiding in the core. Control rod insertion is
not modeled. The hot water in the core and upper plenum flashes to steam. The water in the
upper head flashes and is forced down through the guide tubes. The break flow becomes
saturated and is substantially reduced (Figure 15.6-36).
Page 191 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

Upward Core Flow Phase
The colder water in the downcomer and lower plenum flashes and the mixture swells. Since
the intact loop pump is assumed to trip at the initiation of the break, it begins to coast down
and does not serve to enhance upflow cooling by pushing fluid into the core. However, there
is sufficient upflow cooling to begin significantly reducing the heatup in the fuel rods. As the
lower plenum fluid depletes, upflow through the core ends (Figure 15.6-37).
Downward Core Flow Phase
The break flow begins to dominate and pulls flow down through the core. Figure 15.6-37
shows the total core flow at the bottom of the core. The blowdown PCT occurs as the
downflow increases in intensity and continues to decrease while downflow is sustained. At
approximately 13 sec, the pressure in the cold leg falls to the point where the accumulator
begins injecting into the cold leg (Figure 15.6-38). Because the break flow is still high, much
of the accumulator emergency core cooling system (ECCS) water entering the downcomer is
bypassed out the break. As the system pressure continues to decrease, the break flow, and
consequently the core flow, is reduced. The break flow further reduces and the accumulator
water begins to fill the downcomer and lower plenum. The core flow is nearly stagnant
during this period and the hot assembly experiences a near adiabatic heatup.
Refill Phase
The high head safety injection (HHSI) pump begins to inject (Figure 15.6-39) into the cold
leg at approximately 38 sec, assuming a delay time of 32 sec after the SI signal is initiated
when a loss of offsite power is assumed. Since the break flow has significantly reduced by
this time, much of the ECCS entering the downcomer via the cold leg is retained in the
downcomer and refills the lower plenum. The low head safety injection (LHSI) pump is
assumed to begin injecting (Figure 15.6-40) cold ECCS water into the upper plenum at
approximately 36 sec, assuming a delay of 30 sec for the loss of offsite power case, after the
SI signal is initiated. The water enters the vessel at the hot leg nozzle centerline elevation and
falls down to the upper core plate through the outer global channels. The liquid drains down
through the low power region via the open hole channel of the CCFL region. The hot
assembly continues to experience a nearly adiabatic heatup as the lower plenum fills with
ECCS water (Figures 15.6-35 and 15.6-42).
Reflood
At approximately 48 sec, the intact loop accumulator is empty of water and begins injecting
nitrogen into the cold leg (Figure 15.6-38). The in-surge in the downcomer forces the
downcomer liquid into the lower plenum and core regions (Figures 15.6-41 through Figure
15.6-43). During this time, core cooling is increased, and the hot assembly clad temperature
decreases slightly.
The clad temperature in the hot assembly returns to a nearly adiabatic heatup for about 30 sec
until the core again begins to refill. The LHSI liquid flows down through the low power
region and then across the core into the average assemblies near the bottom of the core. This
water quenches the bottom of the core, which produces vapor that flows up through the
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average and hot assemblies providing bottom-up cooling. The reflood PCT occurs at
approximately 70 sec.
By about 120 sec, a quench front is established that progresses up the core, moving the PCT
elevation higher into the core until the rods quench at about 220 sec (Figure 15.6-46). The
system pressure is constant near atmospheric pressure by this time (Figure 15.6-45), and the
vessel liquid inventory continues to increase until the end of the transient (Figure 15.6-44).
15.6.4.2.3.5

Impact on Fission Product Barriers

The fuel cladding peak temperatures and metal-water reactions remain below the required
limits of 10 CFR 50.46 (Reference 12). Large fractions of fission products are assumed to be
released from the fuel even though these releases would be precluded by the performance of
the ECCS.
The RCS pressure boundary is breached by the postulated large break; therefore, pressure
boundary integrity is lost for this event.
The containment system remains available as a barrier to the release of radioactivity.
15.6.4.2.4
15.6.4.2.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

Table 15.6-16 and the following summarize key plant and model parameters whose range and
uncertainty are considered in the large-break LOCA analysis. The assumed initial conditions
for the initial case calculations are also given.
1.0

Plant Physical Description

a. Dimensions: Nominal geometry is assumed. Nominal geometry input is accounted for in
the code uncertainty since experiments were also subject to thermal expansion and
dimensional uncertainty effects.
b. Flow Resistance: Best estimate values of loop flow resistance are assumed. Variations in
this parameter are accounted for in the model uncertainty.
c. Pressurizer Location: The pressurizer is assumed to be on the broken loop. This has been
determined as the limiting location for the pressurizer (Reference 22).
d. Hot Assembly Location: The location assumed for the hot assembly is that which reduces
the direct flow of water from the upper head or upper plenum. This location is chosen to be
under a source plate.
e. Hot Assembly Type: The hot assembly is a fresh assembly of Westinghouse 14x14
Vantage+422 fuel.
f.

2.1

Steam Generator Tube Plugging (SGTP) Level: The most limiting value of SGTP level
is identified on a plant-specific basis. The limiting value over the expected range is
confirmed and included in the final reference transient.
Plant Initial Operating Conditions
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2.2

Reactor Power

a. Initial Core Average Linear Heat Rate: Maximum power with 0% measurement
uncertainty is assumed. This technique will bound any potential future mini-uprate which
would reduce the measurement uncertainty below 2%.
b. Hot Rod Peak Linear Heat Rate: The hot rod FQ is assumed to be the median expected
value, without uncertainties, between the desired Technical Specifications limit and the
maximum value for steady state depletion. The value of FQ assumed in the initial transient
is, therefore, substantially higher than the value likely to be measured during normal
scheduled surveillance. Variations in this parameter are accounted for in the uncertainty
analysis.
c. Hot Rod Average Linear Heat Rate: The hot rod average linear heat rate is derived from
the desired Technical Specification value. The value of FH assumed in the initial transient
is, therefore, substantially higher than the value likely to be measured during most of the
fuel cycle. Variations in this parameter are accounted for as part of the uncertainty analysis.
d. Hot Assembly Average Linear Heat Rate: The power generated in the hot assembly rod
is 4% lower than that generated in the hot rod. Variations in this parameter due to hot
assembly power and its redistribution are accounted for as part of the uncertainty analysis.
e. Hot Assembly Peak Linear Heat Rate: Consistent with the average linear heat rates, the
peaking factor used to calculate the peak nuclear energy generated in the hot assembly average
rod is 4% lower than the value assumed in the hot rod. Variations in this parameter are
accounted for as part of the uncertainty analysis.
f.

Axial Power Distribution: The power distribution used in the initial transient calculation
is more conservative than expected during normal operation. It is characterized by a topskewed power shape, an FQ higher than the maximum value expected for baseload
operation, and an FH in excess of the Technical Specification limits (Figure 15.6-33).
Variations in axial power distribution due to transient operation are accounted for as part of
the uncertainty analysis.

g. Low Power Region (PLOW): A relative power of 60% of the core average is assumed for
the low power region. The limiting value over the expected operating range for this
parameter is determined in the confirmatory studies.
h. Hot Assembly Burnup: Beginning of Life (BOL) conditions in the hot assembly are
assumed in the initial transient. The time in cycle is a sampled parameter in the ASTRUM
methodology (Reference 22).
i.

Prior Operating History: The reactor is assumed to have been operating, since fuel cycle
startup, at 1811 MWt. When a given axial power distribution is considered, it is assumed to
have existed since this startup time. This means that the distribution of fission products
coincides with the steady state fission rate distribution. This assumption conservatively
places both the initial fission rate and stored energy, and the subsequent decay heat
production, at the same axial location.

j.

Moderator Temperature Coefficient: A value greater than or equal to the maximum
specified value in the Technical Specifications is assumed to conservatively estimate core
reactivity and fission power.
Page 194 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

k. Hot Full Power (HFP) Boron Concentration: A low value typical of those used in
current cores at BOL conditions is assumed.
2.3

Fluid Conditions

a. Average Fluid Temperature (TAVG): TAVG is assumed at the maximum nominal
expected value of 576F during normal full power operation. The minimum nominal value
of TAVG is analyzed as part of the confirmatory calculations. Variations in the uncertainty
of this parameter are included in the uncertainty analysis.
b. Pressurizer Pressure: The nominal operating value of pressurizer pressure is assumed.
The effect of uncertainties in this parameter is accounted for in the uncertainty analysis.
c. Loop Flowrate: A loop flowrate equal to the thermal design flowrate (TDF) at 10% SGTP
is assumed for the best-estimate LBLOCA analysis.
d. Upper Head Temperature (TUH): The appropriate best estimate value of TUH is
assumed. Since variation in this parameter is small, uncertainties are not included.
e. Pressurizer Level: The nominal value of pressurizer level is assumed. Because the
pressurizer level variations are typically small and the effect on PCT is small (Table 23-1
of Reference 19), uncertainties are not included.
f.

Accumulator Water Temperature: A nominal value is assumed in the initial transient,
with variations treated as part of the uncertainty analysis.

g. Accumulator Pressure: A nominal value of accumulator pressure is assumed in the initial
transient, with variations in pressure treated as part of the uncertainty analysis.
h. Accumulator Water Volume: A nominal value of accumulator water volume is assumed
in the initial transient, with variations in water volume treated as part of the uncertainty
analysis.
i.

Accumulator Line Resistance: A best-estimate value of accumulator line resistance is
assumed in the initial transient. Uncertainty in line resistance is included in the uncertainty
analysis.

j.

Accumulator Boron Concentration: A minimum value of 2100 ppm for the accumulator
is modeled.

3.0

Accident Boundary Conditions

a. Break Location: A break near the midpoint in the cold leg is assumed. Scoping studies
reported in the CQD (Reference 19) show that the cold leg remains the limiting location for
large LOCA. This conclusion is also applicable to two-loop plants with upper plenum
injection, because the physical phenomena leading to this result are the same. More
specifically, a break in the hot leg is not limiting because of the constant core upflow
during blowdown. A break in the crossover (pump suction) leg is not limiting because the
pump resistance to reverse flow results in strong core upflow cooling during blowdown,
and reduced loss of inventory during reflood, after the downcomer level reaches the loop
elevation.
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b. Break Type: The cold leg split break (a longitudinal break in the pipe) is assumed in the
initial transient. The effect of variations in break type is accounted for in the uncertainty
analysis.
c. Break Size: For split breaks, the limiting break size is determined on a plant-specific basis
for the initial transient. The uncertainty in the break size is accounted for as part of the
uncertainty analysis. For a DECLG break, a nominal cold leg area is assumed.
d. Offsite Power: A loss of offsite power (LOOP) is assumed in the initial transient. A
calculation assuming offsite power available (OPA) is performed as part of the confirmatory
runs to confirm the limiting condition.
e. Safety Injection (SI) Flow: Minimum SI flow is assumed, calculated using methods
consistent with those currently employed for Appendix K analysis. Scoping studies reported
in the CQD (Reference 19) indicate that increased SI flow reduces PCT. This parameter is,
therefore, bounded. Table 15.6-17 shows the high head and low head SI flow versus
pressure curves used in the analysis.
f.

Safety Injection (SI) Temperature: Nominal values are assumed. Variations are
accounted for in the uncertainty analysis.

g. Safety Injection (SI) Delay: Maximum values consistent with the offsite power
assumption are used for the initial transient (LOOP) and the confirmatory runs.
h. Containment Pressure: A conservatively low containment pressure transient is assumed
for the initial transient. This pressure transient is later confirmed against the approved
containment model, COCO (References 23 and 24), and mass and energy releases from the
reference WCOBRA/TRAC calculation. Figure 15.6-34 contains the containment pressure
assumed in the initial transient. Note: This containment pressure is different than the
containment pressure used in the confirmatory studies (Figure 15.6-48).
i.

Single Failure Assumption: The worst single failure is assumed to be that one train of SI
fails, leaving one LHSI pump and one HHSI pump operable. This assumption is consistent
with the recommended scenario outlined in the CQD (Reference 19).

j.

Rod Drop Time: Consistent with the current design basis for this plant, all control rods are
assumed not to insert during the large-break LOCA.

4.0

Model Parameters

All model parameters are used at their best estimate or as coded values in the initial transient.
Table 15.6-16 summarizes the initial transient assumptions described above. For those
parameters where a best estimate or nominal value was used, the corresponding uncertainty
treatment is also given. The nuclear fuel rods were initialized with internal gas properties,
radial power profiles, and fuel average temperatures from the Westinghouse Nuclear Fuel
Core Technologies PAD code (Reference 48).
15.6.4.2.4.2

Methodology

The analysis was performed using ASTRUM. Westinghouse developed an alternative
uncertainty methodology called ASTRUM, which stands for Automated Statistical Treatment
of Uncertainty Method (Reference 22). This method is still based on the CQD (Reference 19)
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methodology and follows the steps in the CSAU methodology (Reference 26). However, the
uncertainty analysis (Element 3 in the CSAU) is replaced by a technique based on order
statistics. The ASTRUM methodology replaces the response surface technique with a statistical
sampling method where the uncertainty parameters are simultaneously sampled for each case.
The ASTRUM methodology is based on order statistics. The technical basis of the order
statistics is described in Section 11 of Reference 22. The determination of the Peak Clad
Temperature (PCT) uncertainty, Local Maximum Oxidation (LMO) uncertainty, and Core-Wide
Oxidation (CWO) uncertainty relies on a statistical sampling technique. According to the
statistical theory, 124 WCOBRA/TRAC calculations are necessary to assess against the three 10
CFR 50.46 criteria (PCT, LMO, CWO).
The uncertainty contributors are sampled randomly from their respective distributions for
each of the WCOBRA/TRAC calculations. The list of uncertainty parameters, which are
randomly sampled for each WCOBRA/TRAC calculation, includes initial conditions, power
distributions, and model uncertainties. The time in the cycle, break type (split or doubleended guillotine), and break size for the split break are also sampled as uncertainty
contributors within the ASTRUM methodology.
The three 10 CFR 50.46 criteria (PCT, LMO, and CWO) are satisfied by running a sufficient
number of WCOBRA/TRAC calculations (sample size). In particular, the statistical theory
predicts that 124 calculations are required to simultaneously bound the 95 percentile of three
parameters with a 95-percent confidence level. The 15 cases re-run as part of Reference 66,
demonstrate the continued compliance with the 10 CFR 50.46 design basis limits.
Appendix K Compliance
The LB BELOCA evaluation model with ASTRUM (Reference 22) conforms to 10 CFR 50,
Appendix K, insofar as Reference 22 provides the documentation required by Part II of
Appendix K. The realistic calculation is used to demonstrate compliance with the acceptance
criteria of 10 CFR 50.46.
Emergency Core Cooling System (ECCS) Evaluation Model
The evaluation model used to comply with the requirements of 10 CFR 50.46 (Reference 12),
and USNRC Regulatory Guide 1.157 (Reference 25), is described in this section. The analytical
techniques used for the large-break LOCA analysis are in compliance with 10 CFR 50.46
(Reference 12), and are described in References 19, 20, and 22.
In 1988, the NRC staff amended the requirements of 10 CFR 50.46 and Appendix K, "ECCS
Evaluation Models" to permit the use of a realistic evaluation model to analyze the
performance of the ECCS during a hypothetical LOCA. This decision was based on an
improved understanding of LOCA thermal-hydraulic phenomena gained by extensive
research programs. Under the amended rules, best estimate thermal-hydraulic models may
be used in place of models with Appendix K features. The rule change also requires, as part
of the LOCA analysis, an assessment of the uncertainty of the best estimate calculations. It
further requires that this analysis uncertainty be included when comparing the results of the
calculations to the prescribed acceptance criteria of 10 CFR 50.46 (Reference 12).
Additional guidance for the use of best estimate codes is provided in Regulatory Guide 1.157
(Reference 25).
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To demonstrate use of the revised ECCS rule, the NRC and its consultants developed a
method called Code Scaling, Applicability, and Uncertainty (CSAU) evaluation methodology
(Reference 26). This method outlined an approach for defining and qualifying a best estimate
thermal-hydraulic code and quantifying the uncertainties in a LOCA analysis.
A Westinghouse LOCA evaluation methodology for three and four loop Pressurized Water
Reactor (PWR) plants based on the revised 10 CFR 50.46 rules was developed with the
support of EPRI and Consolidated Edison. The methodology is documented in WCAP12945-P-A, "Code Qualification Document (CQD) for Best-Estimate LOCA Analysis,"
(Reference 19).
More recently, Westinghouse developed an alternative uncertainty methodology called
ASTRUM (Reference 22). This method is still based on the CQD methodology and follows
the steps in the CSAU methodology. However, the uncertainty analysis (Element 3 in the
CSAU) is replaced by a technique based on order statistics. The ASTRUM methodology
replaces the response surface technique with a statistical sampling method where the
uncertainty parameters are simultaneously sampled for each case.
The safety evaluation prepared by the NRC in Reference 66 determined that the 15 cases rerun for the containment temperature increase license amendment did not meet the ASTRUM
methodology. The NRC found the evaluation acceptable for increasing containment
temperature, because of Ginna’s commitment to re-perform the entire analysis upon approval
of a Thermal Conductivity Degradation (TCD) model.
The three 10 CFR 50.46 criteria (peak clad temperature, maximum local oxidation and
corewide oxidation) are satisfied by running a sufficient number of WCOBRA/TRAC
calculations (sample size). In particular, the statistical theory predicts that 124 calculations
are required to simultaneously bound the 95 percentile of three parameters with a 95-percent
confidence level.
The thermal-hydraulic computer code which was reviewed and approved for the calculation
of fluid and thermal conditions in the PWR during a large-break LOCA is WCOBRA/TRAC
Version MOD7A, Revision 6 (Reference 22).
WCOBRA/TRAC combines two-fluid, three-field, multi-dimensional fluid equations used in
the vessel with one-dimensional drift-flux equations used in the loops to allow a complete and
detailed simulation of a PWR.
The two-fluid formulation uses a separate set of conservation equations and constitutive
relations for each phase. The effects of one phase on another are accounted for by interfacial
friction and heat and mass transfer interaction terms in the equations. The conservation
equations have the same form for each phase; only the constitutive relations and physical
properties differ. Dividing the liquid phase into two fields is a convenient and physically
accurate way of handling flows where the liquid can appear in both film and droplet form.
The droplet field permits more accurate modeling of thermal-hydraulic phenomena such as
entrainment, de-entrainment, fallback, liquid pooling, and flooding.
WCOBRA/TRAC also features a two-phase, one-dimensional hydrodynamics formulation.
In this model, the effect of phase slip is modeled indirectly via a constitutive relationship,
which provides the phase relative velocity as a function of fluid conditions. Separate mass
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and energy conservation equations exist for the two-phase mixture and for the vapor.
The reactor vessel is modeled with the three-dimensional, three-field model, while the loop,
major loop components, and safety injection points are modeled with the one-dimensional
model.
All geometries modeled using the three-dimensional model are represented as a matrix of
cells. The number of mesh cells used depends on the degree of detail required to resolve the
flow field, the phenomena being modeled, and practical restrictions such as computing costs
and core storage limitations.
The basic building block for the mesh is the channel, a vertical stack of single mesh cells.
Several channels can be connected together by gaps to model a region of the reactor vessel.
Regions that occupy the same level form a section of the vessel. Vessel sections are
connected axially to complete the vessel mesh by specifying channel connections between
sections. Heat transfer surfaces and solid structures that interact significantly with the fluid
can be modeled with rods and unheated conductors.
The noding diagram for R. E. Ginna is shown in Figures 15.6-31 and 15.6-32. The vessel
channel layout is shown in Figure 15.6-31. Figure 15.6-32 shows the one-dimensional
component layout for the loops. Within the channels and components, additional
subdivisions into cells are present, as illustrated in these Figures.
A typical calculation using WCOBRA/TRAC begins with the establishment of a steady state
initial condition with all loops intact. The input parameters and initial conditions for this
steady state calculation are discussed in Section 15.6.4.2.4.1.
Following the establishment of an acceptable steady state condition, the transient calculation
is initiated by introducing a break into one of the loops. The evolution of the transient
through blowdown, refill, and reflood follows continuously using the same computer code.
WCAP-16009-P-A (Reference 22) provides ASTRUM methodology and also includes a
description of the code models and their implementation. Volumes II and III of the CQD
(Reference 19) presented a detailed assessment of the computer code WCOBRA/TRAC
through comparisons to experimental data. From this assessment, a quantitative estimate was
obtained of the code's ability to predict peak clad temperatures (PCT) in a PWR large-break
loss-of-coolant accident (LOCA). Modeling of a PWR introduced additional uncertainties,
which were identified and discussed in Section 21 of the CQD Volume IV (Reference 19). A
list of key LOCA parameters was compiled as a result of these studies. Models of several
PWRs were used to perform sensitivity studies and establish the relative importance of these
parameters. The final step of the best-estimate methodology, in which all the important
uncertainties of the LOCA parameters are accounted for to estimate a PCT, local maximum
oxidation (LMO), and core-wide oxidation (CWO) at 95-percent probability, is described in
the following sections. The methodology is summarized below:
Plant Model Development
In this step, a WCOBRA/TRAC model of the plant is developed. A high level of noding
detail is used to insure an accurate simulation of the transient. Specific guidelines are
followed to assure that the model is consistent with models used in the code validation.
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This results in a high level of consistency among plant models, with some plant-specific
modeling dictated by hardware differences such as in the upper plenum of the reactor vessel or
the Emergency Core Cooling System (ECCS) injection configuration.
Determination of Plant Operating Conditions
In this step, the expected or desired operating range of the plant to which the analysis is to be
applied is established using information supplied by the utility. The parameters considered
are based on a "key LOCA parameters" list that was developed as part of the methodology. A
set of these parameters, at mostly nominal values, is chosen as initial conditions to the plant
model. A transient is run utilizing these parameters and is known as the "initial transient."
Next, several confirmatory runs are made, which vary a subset of the key LOCA parameters
over their expected operating range. Because certain parameters are not included in the
uncertainty analysis, these parameters are set at their bounding condition. This analysis is
commonly referred to as the confirmatory analysis. Section 1-2-11 of Reference 22 describes
the parameters of interest for the confirmatory analysis. The most limiting input conditions,
based on these confirmatory runs, are then combined into the model that will represent the
limiting state for the plant, which is the starting point for the assessment of uncertainty.
Assessment of Uncertainty
The ASTRUM methodology is based on order statistics. The technical basis of the order
statistics is described in Section 11 of WCAP-16009-P-A (Reference 22). The determination
of the PCT uncertainty, LMO uncertainty, and CWO uncertainty relies on a statistical
sampling technique. According to the statistical theory, 124 WCOBRA/TRAC calculations
are necessary to assess against the three 10 CFR 50.46 criteria (PCT, LMO, and CWO).
The uncertainty contributors are sampled randomly from their respective distribution for each
of the WCOBRA/TRAC calculations. The list of uncertainty parameters, which are
randomly sampled for each WCOBRA/TRAC calculation, include initial conditions, power
distributions, and model uncertainties. The time in the cycle, break type (split or doubleended guillotine), and break size for the split break are also sampled as uncertainty
contributors within the ASTRUM methodology.
Results from the 124 calculations are tallied by ranking the PCT from highest to lowest. A
similar procedure is repeated for LMO and CWO. The highest rank of PCT, LMO, and CWO
will bound 95-percent of their respective populations with 95-percent confidence level.
Plant Operating Range
The plant operating range over which the uncertainty evaluation applies is shown in Table
15.6-19. If operation is maintained within these ranges, the large-break LOCA analysis for
the R. E. Ginna Nuclear Plant using WCOBRA/TRAC is valid.
Containment Pressure Boundary Conditions
The system hydraulic transient is influenced by the containment pressure transient response
to the mass and energy released from the reactor coolant system by the LOCA. In the best
estimate emergency core cooling system (ECCS) evaluation model with ASTRUM, the
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containment pressure transient is provided as a boundary condition to the system hydraulic
transient. The containment pressure transient applied is to be conservatively low and include
the effect of the operation of all pressure reducing systems and processes. The COCO
computer code (Reference 23) is used to generate the containment pressure response to the
mass and energy release from the break.
Potential for Short-Term Recriticality During Reflood Following a Large-Break LOCA
Reference 59 documented a concern that a short-term recriticality could occur during core
reflood following a large-break LOCA if the accumulator boron concentration was not
sufficiently high. An evaluation is performed for each cycle to ensure that the minimum
accumulator boron concentration is sufficient to maintain the core subcritical during postLOCA reflood. This evaluation is tracked in the cycle-specific Reload Safety Analysis
Checklist.
15.6.4.2.4.3

Acceptance Criteria

The acceptance criteria for the large-break LOCA analysis are defined in 10 CFR 50.46
(Reference 12). These acceptance criteria are summarized below. It is stated in Reference 12
that there must be a high level of probability that the following (summarized) acceptance
criteria are met.
1. The calculated maximum fuel element cladding temperature shall not exceed 2200F.
2. The calculated total oxidation of the cladding shall nowhere exceed 0.17 times the total
cladding thickness before oxidation.
3. The calculated total amount of hydrogen generated from the chemical reaction of the
cladding with the water or steam shall not exceed 0.01 times the hypothetical amount that
would be generated if all the metal in the cladding cylinders surrounding the fuel, excluding
the cladding surrounding the plenum volume, were to react.
4. Calculated changes in core geometry shall be such that the core remains amenable to
cooling.
5. Long-term core cooling shall be provided following the successful initial operation of the
ECCS.
These criteria ensure that significant margin exists for ECCS performance following a
LOCA.
15.6.4.2.4.4

Results

Confirmatory Sensitivity Studies
A number of sensitivity calculations were carried out to investigate the effect of the key
LOCA parameters, and to determine the reference transient. In the sensitivity studies
performed, LOCA parameters were varied one at a time. For each sensitivity study, a
comparison between the base case and the sensitivity case transient results was made. The
results of these analyses lead to the following conclusions:
1. Modeling maximum steam generator tube plugging (10%) results in a higher PCT than
minimum steam generator tube plugging (0%).
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2. Modeling loss of offsite power (LOOP) results in a higher PCT than no loss of offsite
power (no-LOOP).
3. Modeling the maximum value of vessel average temperature (TAVG = 576F) results in a
higher PCT than minimum value of vessel average temperature (TAVG = 564.6F).
4. Modeling the minimum power fraction (PLOW = 0.2) in the low power/periphery channel of
the core results in a higher PCT than maximum power fraction (PLOW = 0.6).
Uncertainty Evaluation and Results
The ASTRUM methodology requires the execution of 124 WCOBRA/TRAC transients to
determine a bounding estimate of the 95th percentile of the Peak Clad Temperature (PCT),
Local Maximum Oxidation (LMO), and Core-Wide Oxidation (CWO) with 95% confidence
level. The results for the R. E. Ginna Nuclear Power Plant are given in Table 15.6-20, which
shows the limiting peak clad temperature of 1870F, the limiting local maximum oxidation of
3.43%, and the limiting core-wide oxidation of 0.30%. Table 15.6-15 contains a sequence of
events for the limiting PCT case. The maximum peak clad temperature increased as part of
the Containment Air Temperature Increase project (Reference 66).
The effect of the integral fuel burnable absorber (IFBA) fuel on PCT and LMO was analyzed
as part of the ASTRUM methodology. The IFBA rods are treated as having a local effect, i.e.,
their presence in the core does not contribute to the global thermal-hydraulic response during
a large-break LOCA. The analysis results indicate that as far as the PCT limit, IFBA fuel is
bounded by the non-IFBA fuel. However, the IFBA fuel was more limiting with respect to
the LMO. Note that IFBA has no effect on the calculation of the CWO value, which is based
on global parameters and relies on WCOBRA/TRAC results only.
Transition Core Evaluation
The base LBLOCA analysis discussed in this section was performed assuming a full core of
422 Vantage+ fuel. As part of the R. E. Ginna Nuclear Power Plant large-break LOCA
analysis, additional calculations were performed to assess the effect of transition cores from
the resident OFA fuel to the 422 Vantage+ fuel design. It was determined that the analysis
results for the full core of 422 Vantage+ are applicable to the transition cycles.
15.6.4.2.5

Radiological Evaluation

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and off-site doses were also analyzed. Reference 57 is now considered to be
the Large Break LOCA dose analysis of record. The analysis was performed using the
alternate source term (AST) per 10 CFR 50.67 and Reference 54. The new methodology and
analysis was approved by the NRC in Reference 55 as supplemented by Reference 56 and
Reference 67. The assumptions used in the analysis are summarized in Table 15.6-21 with
the results listed in Table 15.6-21A. The core activity (Reference 58) is listed by isotope in
Table 15.6-22 and inventory release fractions are contained in Table 15.6-23.
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15.6.4.2.6

Conclusions

It must be demonstrated that there is a high level of probability that the limits set forth in 10
CFR 50.46 are met. The demonstration that these limits are met for the R. E. Ginna Nuclear
Power Plant is as follows:
1. The calculated maximum fuel element cladding temperature shall not exceed 2200F. The
results presented in Table 15.6-20 indicate that this regulatory limit has been met with a
calculated limiting reflood PCT95%of 1870F.
2. The calculated maximum local oxidation of the cladding shall nowhere exceed 0.17 times
the total cladding thickness before oxidation. The results presented in Table 15.6-20
indicate that this regulatory limit has been met with a calculated maximum local oxidation
of 3.43 percent.
3. The calculated total amount of hydrogen generated from the chemical reaction of the
cladding with water or steam shall not exceed 0.01 times the hypothetical amount (or 1
percent) that would be generated if all of the metal in the cladding cylinders surrounding
the fuel were to react. The results presented in Table 15.6-20 indicate that this regulatory
limit has been met with a calculated maximum core-wide oxidation of 0.30 percent.
4. Calculated changes in core geometry shall be such that the core remains amenable to
cooling. This requirement is met by demonstrating that the PCT does not exceed 2200F,
the maximum local oxidation does not exceed 17%, and the seismic and LOCA forces are
not sufficient to distort the fuel assemblies to the extent that the core cannot be cooled. The
approved methodology (Reference 19) specifies that effects of LOCA and seismic loads on
core geometry do not need to be considered unless grid crushing extends beyond the
assemblies in the lower power channel, as defined in the WCOBRA/TRAC model. This
situation has not been calculated to occur for the R. E. Ginna Nuclear Power Plant;
therefore, this regulatory limit is met.
5. 10 CFR 50.46 acceptance criterion (b)(5) requires that long-term core cooling be provided
following the successful initial operation of the ECCS. The approved Westinghouse
position on this criterion is that this requirement is satisfied if a coolable core geometry is
maintained, and the core remains subcritical following the LOCA (Reference 27). This
position is unaffected by the use of the best-estimate LOCA methodology.
Offsite doses resulting from large break LOCAs are acceptable, i.e., within 10 CFR 50.67
guidelines.
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Table 15.6-1
COMPARISON OF NOMINAL AND PLANT PARAMETERS USED IN STEAM
GENERATOR TUBE RUPTURE (SGTR) ANALYSIS
Nominal

SGTR Overfill
Analysis

SGTR Dose
Analysis

2250

2190

2190

85,359

94,000

70,000

Reactor trip delay (sec)

1.0

0.0

0.0

Turbine trip delay (sec)

0.3

0.0

0.0

Pressurizer pressure for safety injection
(psia)

1765

1715

1715

Steam generator relief pressure setpoints
(psia)

1100/1155

1065

1065

Safety injection system pump delay
(sec)

9.0

0.0

0.0

Auxiliary feedwater delay (sec)

32

0.0

60

Auxiliary feedwater flow rate per steam
generator (gpm)

450

468

370

Auxiliary feedwater temperature (F)

70

100

100

Initial reactor coolant system pressure
(psia)
Initial steam generator water mass (lbm)

Safety injection flow vs. reactor coolant
system pressure (lbm/sec vs. psia)
Decay heat

See Figure 15.6-1
100% ANS
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Table 15.6-2
OPERATOR ACTION TIMES
Action

Time (min)

MASS RELEASE ANALYSISa
Faulted steam generator atmospheric relief valve
(ARV) block valve closing-local action

15

MARGIN TO OVERFILL ANALYSISb
Intact steam generator atmospheric relief valve
(ARV) opening-local action

8

Intact steam generator atmospheric relief valve
(ARV) closing-local action

5

a.

For the mass release analysis, the ruptured steam generator ARV is assumed to fail open at steamline
isolation. A time of 15 minutes to isolate a stuck-open ARV is conservatively used in the mass release
analysis, even though such action time would result in steam generator overfilled if assumed in the
MTO analysis. See Section15.6.3.3.2.1.

b.

For the overfill analysis, the intact steam generator ARV is assumed to fail closed when the cooldown
should be initiated. The analysis assumed that 3 minutes are required to identify and locate the failed
intact steam generator ARV and 5 minutes required to open the valve.
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Table 15.6-3
SEQUENCE OF EVENTS - MARGIN TO OVERFILL ANALYSIS
EVENT

Time
(seconds)

Time From
SGTR
(minutes)

SGTR

100

0

Reactor trip

166

1.1

Safety injection

369

4.5

Early Termination of TDAFW

466

6.1

Ruptured steam generator isolated

700

10.0

Manual opening of intact steam generator ARV initiated

1480

23.0

Manual opening of intact steam generator ARV completed

1780

28.0

RCS cooldown target temperature reached

2401

38.4

Manual isolation of intact steam generator ARV completed

2701

43.4

Pressurizer power operated relief valve (PORV) opened

2941

47.4

Pressurizer PORV closed

2974

47.9

Safety injection terminated

3094

49.9

Break flow terminated

3709

60.2
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Table 15.6-4
OPERATOR ACTION TIMES FOR DESIGN BASIS STEAM GENERATOR TUBE
RUPTURE ANALYSIS
Action

Time

Identify and isolate ruptured steam generator

Maximum of 6 minutes to secure
TDAFW flow to ruptured steam
generator. Maximum of 10 minutes or
calculated time to reach 33% narrow
range level in the ruptured steam
generator

Operator action time to initiate cooldown

10 minutes from complete isolation of
ruptured steam generator

Cooldown

Calculated time for RCS cooldown

Operator action time to initiate depressurization

4 minutes from end of cooldown

Depressurization

Calculated time for RCS
depressurization

Operator action time to terminatea safety injection

Maximum of 2 minutes from end of
depressurization or time to terminatea
safety injection

Pressure equalization

Calculated time for equalization of
RCS and ruptured steam generator
pressures

a.

The critical operator action time is the period of time from the completion of the depressurization to the
initiation of SI termination. The thermal-hydraulic analysis also includes the time from satisfying the SI
termination criteria to securing SI flow, which is typically the brief time spent at the MCB shutting off
the SI pumps. Therefore, this time ends when SI flow is terminated by securing the SI pumps at the
MCB.
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Table 15.6-5
SEQUENCE OF EVENTS - OFFSITE RADIATION DOSE ANALYSISa
EVENT

TIME (sec)

TIME FROM
SGTR
(minutes)

SGTR

100

0

Reactor trip

174

1.2

Safety injection

342

4.0

Ruptured steam generator isolated

942

14.0

Ruptured steam generator atmospheric relief
valve (ARV) fails open

942

14.0

Ruptured steam generator atmospheric relief
valve (ARV) block valve closed

1842

29.0

Intact steam generator atmospheric relief valve
(ARV) opened

2143

34.1

Break flow stops flashing

2636

42.3

Intact steam generator atmospheric relief valve
(ARV) closed

4373

71.2

Pressurizer power operated relief valve (PORV)
opened

4493

73.2

Pressurizer power operated relief valve (PORV)
closed

4546

74.1

Safety injection terminated

4607

75.1

Break flow terminated

5684

93.1

a.This sequence of events corresponds to the bounding mass release analysis documented in
Reference 63, without changes to the operator action times as discussed in 15.6.3.3.3.1
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Table 15.6-6
SGTR DOSE ANALYSIS ASSUMPTIONS
Parameter

Value

Reactor power, MWt

1811

Initial reactor coolant activity, pre-accident
iodine spike
iodine Ci/gm of D.E. I-131
noble gas fuel defect level, %

60
1.0

Initial reactor coolant activity, accident
initiated iodine spike
iodine Ci/gm of D.E. I-131
noble gas fuel defect level, %

1.0
1.0

Concurrent iodine spike factor

335

Duration of concurrent iodine spike, hours
Initial secondary coolant iodine activity, Ci/
gm of D.E. I-131
Primary-to-secondary leakage to intact SG
Leak rate (cold conditions)
Duration of leakage, hours
Mass of primary coolant, gm

8
0.1

150 gal/day
40
>1.247 x 108

Initial mass of secondary coolant, gm
faulted SG
intact SG

3.86 x 107
3.86 x 107

Steam generator elemental iodine partition
coefficients (mass-based)
Activity release from faulted SG
via boiling of bulk water
via flashed break flow
Activity release from intact SG

100
1.0
100

Steam generator partition coefficients for
organic iodide and noble gas release

1.0

Iodine species assumed in the reactor coolant
and SG water
elemental iodine
organic iodide

0.97
0.03
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Parameter

Value

Atmospheric dispersion X/Q sec/m3
EAB 0-2 hr
LPZ 0-8 hr
8-24
24-96
96-720

2.17E-4
2.51E-5
1.78E-5
8.50E-6
2.93E-6
<

Breathing rate m3/sec
EAB & LPZ
0-8 hr
8-24
24-720

3.47E-4
1.75E-5
2.32E-4
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Table 15.6-7
STEAM RELEASES AND RUPTURE FLOW
Time periods
Mass (lbm)

0 to 74
seconds

74 seconds
to 5584
seconds

5584
seconds to 2
hours

Ruptured SG to:
Condensera

189,000

-

0

0

0

Atmosphere

-

82,900

0

26,800

0

188,410

-

-

-

0

-

108,800

68,000

515,900

1,760,100

4,200

171,600

-

-

Intact SG to:
Condenser
Atmosphere
Rupture flow

2 hours to 8 8 hours to 40
hours
hours

Event Time Line:
74 seconds: Reactor trip
5584 seconds: SG and RCS pressures are equal, rupture flow is terminated.
8 hours or 40 hours: RHR operating conditions are achieved, steaming to the environment is
terminated.
a.

The analysis conservatively treats steam released to the condenser the same as direct release to the
atmosphere, i.e., elemental iodine partition is 100.

Page 215 of 275

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 15 ACCIDENT ANALYSIS

Table 15.6-8
RESULTS FOR SGTR, REM TEDE
EAB MAX - 2 HR
rem TEDE
Accident Initiated Iodine Spike
Acceptance Criteria

2.5

LPZ
rem TEDE
2.5

Pre-Accident Initiated Iodine Spike
Acceptance Criteria

25

25

SGTR - 8 Hour RHR IN-SERVICE
Accident Initiated Iodine Spike
elemental iodine

1.061E-01

1.405E-02

methyl iodide

4.242E-02

8.007E-03

noble gas

4.848E-02

5.612E-03

TOTAL

2.0E-01

2.8E-02

elemental iodine

3.341E-01

4.107E-02

methyl iodide

9.273E-02

1.442E-02

noble gas

4.848E-02

5.612E-03

TOTAL

4.8E-01

6.1E-02

Pre-Accident Iodine Spike

SGTR - 40 HOUR RHR IN-SERVICE
Accident Initiated Iodine Spike
elemental iodine

1.061E-01

1.580E-02

methyl iodide

4.242E-02

8.492E-03

noble gas

4.848E-02

5.619E-03

TOTAL

2.0E-01

3.0E-02

elemental iodine

3.341E-01

4.130E-02

methyl iodide

9.273E-02

1.447E-02

noble gas

4.848E-02

5.619E-03

TOTAL

4.8E-01

6.1E-02

Pre-Accident Iodine Spike
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Table 15.6-9
TIME SEQUENCE OF EVENTS - ACCIDENTAL DEPRESSURIZATION OF THE RCS
Event

Time (sec)

Inadvertent opening of one RCS relief valve

0.0

OTDT reactor trip setpoint reached

20.9

Rods begin to drop

22.9

Minimum DNBR occurs

23.0
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Table 15.6-10
TOTAL SMALL BREAK LOSS-OF-COOLANT ACCIDENT SAFETY INJECTION AND
SPILL FLOW
RCS Pressure (psia)

Intact Loop Injection Broken Loop
Broken Loop Spill
Flow (gpm)
Injection Flow (gpm) Flow (gpm) (breaks
(breaks <8.75 in.
8.75 in. diameter)
diameter)

14.7

300.0

300.0

385.0

114.7

300.0

300.0

385.0

214.7

300.0

300.0

385.0

314.7

300.0

300.0

385.0

414.7

300.0

300.0

385.0

514.7

300.0

300.0

385.0

614.7

288.9

288.9

385.0

714.7

272.7

272.7

385.0

814.7

252.9

252.9

385.0

914.7

229.1

229.1

385.0

1014.7

200.7

200.7

385.0

1114.7

166.6

166.6

385.0

1214.7

125.1

125.1

385.0

1314.7

62.0

62.0

385.0

1389.7

0.0

0.0

385.0
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Table 15.6-11
SMALL BREAK LOSS-OF-COOLANT ACCIDENT KEY ASSUMPTIONS
A. Core Parameters
Analyzed Core Power Level

1811 MWt

Calometric Uncertainty

0%

Fuel Type

422V+, OFA

Total Core Peaking Factor, FQ

2.60

Channel Enthalpy Rise Factor. FH

1.72

Axial Offset

+25%

K(z) Limit

1.0 everywhere

B. Reactor Coolant System
Thermal Design Flow

85,100 gpm/loop

Nominal Vessel Average Temperature Range

564.6 - 576.0F

Pressurizer Pressure

2250 psia

Pressurizer Pressure Uncertainty

60 psi

C. Reactor Protection System
Reactor Trip Setpoint

>1730 psia

Reactor Trip Signal Processing Time (Includes Rod Drop
Time)

5.0 seconds

D. Auxiliary Feedwater System
104F

Maximum AFW Temperature
Minimum AFW Flow rate

0 - 170 gpm/SG

Initiation Signal

Low Pressurizer Pressure SI
Signal

AFW Delivery Delay Time

600 seconds

E. Steam Generators
Steam Generator Tube Plugging

10%

MFW Isolation Signal

Low Pressurizer Pressure SI
Signal

MFW Isolation Delay Time

2.0 seconds

MFW Flow Coastdown Time

10.0 seconds
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390 - 435F

Feedwater Temperature
Steam Generator Safety Valve Flow Rates

Table 15.6-12

F. Safety Injection
Limiting Single Failure

1 Emergency Diesel
Generator
104F

Maximum SI Water Temperature
Low-Low Pressurizer Pressure Signal

1715 psia

SI Delay Time

32 seconds

Safety Injection Flow Rates

Table 15.6-10

G. Accumulators
Water/Gas Temperature

120F[b]

Initial Accumulator Water Volumea

1115 ft3

Minimum Cover Gas Pressure

714.7 psia

H. RWST Draindown Input
Maximum Containment Spray Flow

1800 gpm per pump

Minimum Usable RWST Volume

184,950 gal

Maximum Delay Time for Switchover to Cold Leg
Recirculation, sec
Minimum SI Flow Rate During Switchover
Minimum SI Flow Rate After Switchover
Maximum SI Water Temperature After Switchover to Cold
Leg Recirculation Signal is Generated
a.
b.

600 seconds (HHSI)
No SI flow is modeled
during switchover
Table 15.6-10
212F

Corresponds to a range of 1090 ft3 to 1140 ft3.
It was determined that the increase in the initial temperature of containment and the accumulators
to 125°F would negligibly impact the results of the analysis (Reference 66).
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Table 15.6-12
SMALL BREAK LOSS-OF-COOLANT ACCIDENT MAIN STEAM SAFETY VALVE
(MSSV) ASSUMPTIONS
MAIN STEAM SAFETY VALVE (MSSV) DATA

VALUE

UNITS

4

-

Set pressure for valve 1

1085

psig

Set pressure for valve 2

1140

psig

Set pressure for valve 3

1140

psig

Set pressure for valve 4

1140

psig

Percent uncertainty for valves 1-4

1

%

Percent accumulation for valves 1-4

3

%

Rated flow for valve 1

797,700

lbm/hr

Rated flow for valve 2

837,600

lbm/hr

Rated flow for valve 3

837,600

lbm/hr

Rated flow for valve 4

837,600

lbm/hr

Number of safety valves per steam generator
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Table 15.6-13
SMALL BREAK LOSS-OF-COOLANT ACCIDENT TIME SEQUENCE OF EVENTS
Equivalent Break Diameter
1.5 inch

2 inch

3 inch

0

0

0

Reactor trip signal

51.0

25.6

11.4

S-Signal

58.6

26.7

11.9

Safety Injection Begins

90.6

58.7

43.9

85

511

236

Core Uncovery

2820

1157

415

Accumulator Injection Begins

8544

2832

673<

RWST Low Level

N/A

5357

2683

Core Recovery

4750

2570

897

Event Time (sec)
Break initiation

Loop Seal Clearinga

a.

Loop seal clearing is defined as break vapor flow > 1 lb/s
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Table 15.6-14
SMALL BREAK LOSS-OF-COOLANT ACCIDENT FUEL CLADDING RESULTS
Equivalent Break Diameter
1.5-inch

2-inch

>3-inch

Time-in-Life

BOL

BOL

BOL

PCT(F)

1011

1167b

1117

PCT Time (s)

3578

1650

748

PCT Elevation (ft)

11.25

11.50

11.00

HR Burst Time(s)

N/A

N/A

N/A

HR Burst Elevation (ft)

N/A

N/A

N/A

Maximum Local ZrO2(%)

0.02

0.07

0.02

Maximum Local ZrO2 Elev (ft)

11.25

11.25

11.25

Total Hydrogen Generation (%)

<<1.0

<<1.0

<<1.0

Resultsa

a. The results provided are applicable to the resident OFA fuel.
b. Most recent 10 CFR 50.46 report contains all PCT penalties and benefits.
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Table 15.6-15
LARGE BREAK LOSS-OF-COOLANT ACCIDENT ANALYSIS
TIME SEQUENCE OF EVENTS FOR DECLG BREAK
Time (sec)a

Event
Start of Transient

0.0

Safety Injection Signal

4.0

Accumulator Injection Begins

13.0

Low Head Safety Injection Begins

34.0

High Head Safety Injection Begins

36.0

End of Blowdown

38.0

Bottom of Core Recovery

46.0

Accumulator Empty

49.0

PCT Occurs

242.0

End of Transient

450.0

a.

All results are from the WCOBRA/TRAC Computer Code
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Table 15.6-16
Key LBLOCA Parameters and Initial Transient Assumptions for R. E. Ginna Analysis
Parameter Initial Transient Uncertainty Treatment
1.0 Plant Physical Description
a. Dimensions

Nominal

Sampled

b. Flow resistance

Nominal

Sampled

c. Pressurizer location

Broken loop

Bounded

d. Hot assembly location

Under limiting location

Bounded

e. Hot assembly type

14x14 422 Vantage+

Bounded

f. SG tube plugin level

High (10%)

Boundeda

a. Core average linear heat rate (AFLUX)

Nominal-Based on core power of 1.811
MWt (102% of uprated power)b

Boundedb

b. Hot rod peak linear heat rate (PLHR)

Derived to support a Tech Spec (TS) limit
FQ=2.6 and maximum baseload FQ=2.10

Sampled

c. Hot rod average linear heat rate (HRFLUX)

Derived to support TS FH=1.72

Sampled

d. Hot assembly average linear heat rate (HAFLUX)

HRFLUX / 1.04

Sampled

e. Hot assembly peak linear heat rate (HAPHR)

PLHR / 1.04

Sampled

f. Axial power distribution (PBOT, PMID)

Figure 15.6-33

Sampled

g. Low power region relative power (PLOW)

0.6

Boundeda

h. Cycle burnup

˜1 MWD/MTU

Sampled

i. Prior operating history

Equilibrium decay heat

Bounded

j. Moderator Temperature Coefficient (MTC)

Tech Spec Maximum (0)

Bounded

k. HFP Boron

800 ppm

Generic

2.0 Plant Initial Operating Conditions
2.1 Reactor Power
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Parameter Initial Transient Uncertainty Treatment
2.2 Fluid Conditions
TAVG

High Nominal TAVG=576F

Nominal is Boundeda, unc'y is Sampled

b. Pressurizer Pressure

Nominal (2250 psia)

Sampled

c. Loop Flow

85,100 gpm

Bounded

d. TUH

THOT

None

e. Pressurizer Level

Nominal (467.3 ft3) at High TAVG

None

f. Accumulator Temperature<

Nominal (105.0F)

Sampled

g. Accumulator pressure

Nominal (764.7 psia)

Sampled

h. Accumulator liquid volume

Nominal (1125 ft3)

Sampled

i. Accumulator line resistance

Nominal

Sampled

j. Accumulator boron

Minimum (2100 ppm)

Bounded

a. Break location

Cold leg

Bounded

b. Break type

Split

Sampled

c. Break size

0.5 times nominal cold leg area

Sampled

d. Offsite Power

LOOP (pumps tripped at transient onset)

Boundeda

e. Safety injection flow

Minimum (Table 15.6-17)

Bounded

f. Safety injection temperature

Nominal (75F)

Sampled

g. Safety injection delay

Maximum delay

Bounded

h. Containment pressure

Bounded Minimum (Figure 15.6-34)

Bounded

i. Single failure

ECCS: Loss of one train of SI

Bounded

j. Control rod drop time

No control rods

Bounded

3.0 Accident Boundary Conditions

4.0 Model Parameters
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Parameter Initial Transient Uncertainty Treatment
a. Critical flow

Nominal (CD=1.0)

Sampled

b. Resistance uncertainties in broken loop

Nominal (as coded)

Sampled

c. Initial stored energy/fuel rod behavior

Nominal (as coded)

Sampled

d. Core heat transfer

Nominal (as coded)

Sampled

e. Delivery and bypassing of ECC

Nominal (as coded)

Conservative

f. Steam binding/entrainment

Nominal (as coded)

Conservative

g. Non-condensable gases/accumulator nitrogen

Nominal (as coded)

Conservative

h. Condensation

Nominal (as coded)

Sampled

a.

Confirmed by plant specific studies

b.

Technique used to bound any potential future mini-uprate.
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Table 15.6-17
LARGE BREAK LOCA ANALYSIS SAFETY INJECTION FLOW VERSUS PRESSURE
R. E. Ginna High Head Safety Injection (HHSI) Flow Versus Pressure
Pressure (psia)

Flow (gpm)

14.7

300

114.7

300

214.7

300

314.7

300

414.7

300

514.7

300

614.7

289

714.7

273

814.7

253

914.7

229

1014.7

201

1114.7

167

1214.7

125

1314.7

62

1389.7

0

R. E. Ginna Low Head Safety Injection (LHSI) Flow Versus Pressure
Pressure (psia)

Flow (gpm)

14.7

1200

20

1176

40

1083

60

980

80

866

100

735

120

570

140

220

214.7a

0a
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a.

The RHR pump will just start to inject at an RCS pressure of 155 psia, assuming 1 train injecting to the
most restrictive loop, the pump degraded 10% and the RWST level 28%. For comparison, this injection
point would be 165 psia if the pump is non-degraded. Pump degradation of 10% provides additional
margin when compared to the margin that existed prior to the EPU. This additional margin was utilized
by the IST program as documented in DA-ME-16-007.
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Table 15.6-18a
PARAMETERS FOR CONTAINMENT PRESSURE - DRY CONTAINMENT DATA
Net free volume

1.066 X 106 ft3

Initial conditions
Pressure

14.5 psia

Temperature

90F

Refueling water storage tank (RWST) temperature

50F

Service water temperature

30F

Outside temperature

-20 F

Spray system
Number of pumps operating

2

Runout flow rate

1800 gpm each

Actuation time

9 seconds

Safeguards containment recirculation fan coolers (CRFCs)
Number of fan coolers operating

4

Fastest post accident initiation of fan coolers
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Table 15.6-18b
STRUCTURAL HEAT SINK DATA
Total
Exposed
Area (ft2)

Material of Each
Layer

Thickness of
Layer (in)

Insulated portion of dome and
containment wall

Stainless Steel
Insulation
Carbon Steel
Concrete

0.019
1.250
0.375
42.0

36,285

Uninsulated portion of dome

Carbon Steel
Concrete

0.375
30.0

12,370

Basement floor

Concrete
Carbon Steel
Concrete

24.0
0.250
24.0

7230

Wall of Sump A

Carbon Steel
Concrete

0.25
36.0

2270

Floor of Sump A

Concrete
Carbon Steel
Concrete

24.0
0.250
12.0

280

Walls of Sump B

Concrete
Carbon Steel
Concrete

24.0
0.250
12.0

210

Floor of Sump B

Concrete
Carbon Steel
Concrete

24.0
0.250
12.0

120

Inside of refueling cavity

Stainless Steel
Concrete

0.250
Various,30.0
Minimuma

6170

Bottom of refueling cavity

Stainless Steel
Concrete

0.250
24.0

1260

Area on outside of refueling cavity walls

Stainless Steel
Concrete

0.250
Various,30.0
Minimuma

6750

Loop Compartments

Concrete

Various, 30.0
Minimuma

10,370

Floor Area Intermediate Level (area
represents only one side of floor)

Concrete

6.0

5320

Operating Floor (area represents only one
side of floor)

Concrete

24.0

6500

Carbon Steel

1.48

2000

Wall Description

1.48 inch Thick I-Beam
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Material of Each
Layer

Thickness of
Layer (in)

Total
Exposed
Area (ft2)

0.94-inch Thick I-Beam

Carbon Steel

0.94

630

0.52-inch Thick I-Beam

Carbon Steel

0.52

4220

0.61-inch Thick I-Beam

Carbon Steel

0.61

1190

Cylindrical Supports for SG and RCP's

Carbon Steel

0.50

470

Containment Crane Rectangular Support
Structure

Carbon Steel

0.75

4430

Carbon Steel

2.0

380

Beams for Crane Structure + Trolley

Carbon Steel
Carbon Steel
Carbon Steel

0.79
1.52
1.44

1220
1910
260

Structure on Operating Floor (area
represents only one side of structure)

Concrete

24.0

2060

Grating, Stairs, Misc. Steel (original
FSAR value)

Carbon Steel

0.125

7000

Wall Description

a.

For these various thickness concrete wall layers, the minimum thickness (2.5ft) is modeled in the
COCO containment back pressure calculation.
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Table 15.6-19
PLANT OPERATING RANGE ALLOWED BY THE BEST-ESTIMATE LARGE BREAK LOCA ANALYSIS (R. E. GINNA)
Parameter
1.0

2.0

Operating Range

Plant Physical Description
a) Dimensions<

No in-board assembly grid deformation during LOCA + SSE

b) Flow Resistance

N/A

c) Pressurizer Location

N/A

Hot assembly location

Anywhere in core except low power assembliesa

e) Hot assembly type

Fresh 14x14 Vantage+422 fuel assembly

f) SG tube plugging level

10%

Plant Initial Operating Conditions
2.1 Reactor Power (cont)
a) Core average linear heat rate

Core Power 100% of 1811 MWt

b) Peak linear heat rate

FQ2.6

c) Hot rod average linear heat rate

FH1.72

d) Hot assemble average linear heat rate

¯PHA1.72/1.04

e) Hot assembly peak linear heat rate

FQ,HA2.61/1.04

f) Axial power distribution (PBOT, PMID)

Figure 15.6-47

g) Low power region relative power (PLOW)

0.2PLOW0.6

h) Hot assembly burnup

75,000 MWD/MTU, lead roda

i) Prior operating history

All normal operating histories

j) MTC

0 at HFP

k) HFP boron (minimum)

800 ppm (at BOL)

2.2 Fluid Conditions
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Parameter

3.0

Operating Range

a) TAVG

564.6-4FTAVG576.0+4F

b) Pressurizer Pressure

2250+/-60 psia

c) Loop Flow

85,100 gpm/loop

d) TUH

Current upper internals, THOT UH

e) Pressurizer level

Nominal level, automatic control

f) Accumulator temperature

60FTACC125F

g) Accumulator pressure

714.7 psia PACC804.7 psia

h) Accumulator liquid volume

1090 ft3 VACC1140 ft3

i) Accumulator fL/D

Current line configuration

j) Minimum accumulator boron

2100 gpm

Accident Boundary Conditions

a.

a) Break location

N/A

b) Break type

N/A

c) Break size

N/A

d) Offsite power

Available or LOOP

e) Safety injection flow

Table 15.6-17

f) Safety injection temperature

50FTSI104F

g) Safety injection delay

LHSI 19.0 seconds (with offsite power)
30.0 seconds (with LOOP)
HHSI 21.0 seconds (with offsite power)
32.0 seconds (with LOOP)

h) Containment pressure

Bounded - The pressure curve (Figure 15.6-48) is based on COCO containment
pressure calculation using conditions supplied in Table 15.6-18a and 15.6-18b.

i) Single failure

Loss of one ECCS train

j) Control rod drop time

N/A

24 peripheral locations will not physically be lead power assembly.
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Table 15.6-20
LIMITING LARGE BREAK PCT AND OXIDATION RESULTS FOR R. E. GINNA
Parameter

Resulta

95/95 Peak Clad Temperature (PCT)

1,870Fb

95/95 Maximum Cladding Oxidation (LMO)

7.38%c

95/95 Maximum Core-wide Oxidation (CWO)

0.97%c

a. The results provided are applicable to the resident OFA fuel
b. Most recent 10 CFR 50.46 report contains all PCT penalties and benefits.
c. Note that results come from limited number of cases performed to support License Amendment No. 116
(Reference 66).
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Table 15.6-21
ASSUMPTIONS FOR ANALYSIS OF RADIOLOGICAL CONSEQUENCES OF THE
LOSS-OF-COOLANT ACCIDENT
Parameter

Value

Reactor power, MWt (including 2% uncertainty)

1811

Containment net free volume, ft3

1.0E6

Containment sprayed fraction

0.78

Containment Leak Rate, %/day
0-24 hours
> 24 hours

0.2
0.1

Containment fan cooler flow and operation
number of operating units (per train)
flow rate per unit, cfm
total filtered flow rate, cfm
CARBON (1 unit)
HEPA (2 units)
initiation delay, sec.
termination of iodine removal, hours

2
30,000
N/A
60,000a
50
N/A

Containment fan cooler iodine removal efficiency, %
Elemental
Organic
Particulate

N/A
N/A
95

Containment injection spray
flow rate, gpm (per train)
initiation delay, sec
termination (end of spray injection), min

1200
80
52

Iodine and particulate removal by spray coefficient,
per hour
Elemental
Particulate

20
3.5b
264,700

Containment sump volume, ft3
ECCS leakage
Continuous leakage rate, gal/hr
Start time, hr
Termination time, hr
Airborne fraction
0-3 hr
3-8 hr
8-14 hr
14-720 hr

4
1
720
0.07
0.04
0.03
0.02
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Parameter

Value

Atmospheric dispersion x/Q, sec/m3
EAB 0-2 hr

2.17E-4

0-8 hr
8-24 hr
24-96 hr
96-720 hr

2.51E-5
1.78E-5
8.50E-6
2.93E-6

Breathing rates, m3/sec
EAB & LPZ 0-8 hr
8-24 hr
24-720 hr

3.47E-4
1.75E-4
2.32E-4

LPZ

a.

12,000 cfm is recirculated within the lower containment volume (unsprayed region)

b.

Represents the 10th percentile value calculated using the Powers model
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Table 15.6-21a
LBLOCA DOSE SUMMARY, REM TEDE
EAB MAX - 2 HR
rem TEDE

LPZ 720 hr
rem TEDE

Containment Leakage

2.982

0.981

ECCS Leakage

0.1239

0.1973

Total

3.1

1.2

Acceptance Criteria

25

25
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Table 15.6-22
Total Core Activity (Curies) at End of 525-day Fuel Cycle - including Decay
1811 Mwt
Shutdown

100 hours

60 days

KR 85

5.85E-05

5.84E+05

5.79E+05

KR 85M

1.36E+07

2.63E+00

0.00E+00

KR 87

2.62E+07

5.66E-17

0.00E+00

KR 88

3.68E+07

9.18E-04

0.00E+00

XE131M

5.59E+05

5.41E+05

4.68E+04

XE133

1.01E+08

7.03E+07

>4.50E+04

XE133M<

3.17E+06

1.31E+06

2.92E+02

XE134M

7.56E+05

0.00E+00

0.00E+00

XE135

2.56E+07

1.32E+05

0.00E+00

XE135M

2.04E+07

4.36E+02

0.00E+00>

XE138

8.61E+07

0.00E+00

0.00E+00

BR 83

6.42E+06

1.76E-06

0.00E+00

BR 84

1.12E+07

0.00E+00

0.00E+00

BR 85

1.34E+07

0.00E+00

0.00E+00

1127

0.00E+00

0.00E+00

0.00E+00

1129

1.83E+00

1.83E+00

1.84E+00

1130

2.10E+06

7.73E+03

1.80E-29

1131

5.08E+07

3.64E+07

2.97E+05

1132

7.51E+07

3.07E+07

2.13E+02

1133

1.03E+08

3.78E+06

1.53E-13

1134

1.14E+08

2.07E-26

0.00E+00

1135

9.72E+07

2.72E+03

0.00+00

RB 86

1.30E+05

1.11E+05

1.39E+04

CS134

1.10E+07

1.10E+07

1.04E+07

CS136

3.24E+06

2.60E+06

1.36E+05

noble gases

Halogens

Rb and Cs
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1811 Mwt
Shutdown

100 hours

60 days

6.30E+06

6.30E+06

6.27E+06

SR 89

4.95E+07

4.68E+07

2.18E+07

SR 90

4.63E+06

4.63E+06

4.62E+06

Y 90

4.84E+06

4.70E+06

4.62E+06

SR 91

6.20E+07

4.21E+04

0.00E+00

Y 91

6.38E+07

6.12E+07

3.16E+07

SR 92

6.70E+07

5.23E-04

0.00E+00

Y 92

6.73E+07

8.91E-01

0.00E+00

Y 92

6.73E+07

8.91E-01

0.00E+00

Y 93

7.73E+07

8.18E+04

0.00E+00

ZR 95

8.60E+07

8.22E+07

4.49E+07

NB 95

8.66E+07

8.64E+07>

6.77E+07

ZR 97

8.59E+07

1.42E+06

1.92E-18

MO 99

9.67E+07

3.38E+07

2.61E+01

TC 99M

8.49E+07

3.26E+07

2.52E+01

RU103

7.71E+07

7.17E+07

2.68E+07

RU105

5.23E+07

8.93E+00

0.00E+00

RH105

4.68E+07

7.68E+06

3.00E-05

RU106

2.61E+07

2.59E+07

2.33E+07

SB127

5.45E+06

2.61E+06

1.12E+02

TE127

5.40E+06

3.18E+06

4.89E+05

TE127M

7.02E+05

6.98E+05

4.99E+05

SB129

1.63E+07

1.78E+00

0.00E+00

TE129

1.62E+07

1.43E+06

4.51E+05

TE129M

2.38E+06

2.19E+06

6.93E+05>

TE131M

7.32E+06

7.30E+05

2.62E-08

TE132

7.22E+07

2.98E+07

2.06E+02

BA139

9.31E+07

1.52E-14

0.00E+00

BA140

8.94E+07

7.13E+07

3.46E+06

CS137
other isotopes
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1811 Mwt
Shutdown

100 hours

60 days

LA140

9.26E+07

8.03E+07

3.98E+06

LA141

8.35E+07

1.99E+00

0.00E+00

CE141

8.48+07

7.80E+07

2.37E+07

LA142

8.22E+07

3.04E-12

0.00E+00

CE143

7.89E+07

9.73E+06

5.81E-06

PR143

7.74E+07

6.87E+07

4.02E+06

CE144

6.46E+07

6.39E+07

>5.58E+07

ND147

3.39E+07

2.61E+07

7.90E+05

NP239

1.05E+09>

3.09E+08>

1.16E+03

PU238

2.23E+05

2.25E+05

2.27E+05

PU239

1.85E+04

1.87E+04

1.88E+04

PU240

2.79E+04

2.79E+04

2.79E+04

PU241

6.15E+06

6.15E+06

6.10E+06

AM241

7.55E+03

7.66E+03

9.16E+03

CM242

1.75E+06

1.73E+06

1.37E+06

CM244

2.06E+05

2.06E+05

2.05E+05

Actinides
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Table 15.6-23
Core Inventory Fraction Released into Containment
Nuclide Group

Gap Release Phase

Early In-Vessel
Phase

Totala

Halogens

0.05

0.35

0.4

Noble Gases

0.05

0.95

1.0

Alkali Metals

0.05

0.25

0.3

Tellurium

0

0.05

0.05

Ba, Sr

0

0.02

0.02

Noble Metals

0

0.0025

0.0025

Cerium

0

0.0005

0.0005

Lanthanides

0

0.0002

0.0002

a.

Fractions apply to both containment and ECCS leakage

Timing of LOCA Core Inventory Release Phases
Release Phase

Onset

Duration

Gap Release

30 sec

0.5 hra

Early In-Vessel

0.5 hr

1.3 hr

a.

The duration of the gap release, specified in Reference 54 is 0.5 hr. The specified start of the gap
released is modeled as 0.5 hr-30 sec = 0.492 hr, rather than 0.5 hr.

Nuclide Groupsa
Halogens

I

Noble Gases

Kr, Xe

Alkali Metals

Cs, Rb

Tellurium Group

Te, Sb, Se, Ba, Sr

Noble Metals

Ru, Rh, Pd, Mo, Tc, Co

Lanthanides

La, Zr, Nd, Eu, Nb, Pm, Pr, Sm, Y, Cm, Am

Cerium

Ce, Pu, Np

a.

See analysis of record (Reference 57) for specific core concentrations.
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Nuclide Composition, fraction
Form
Iodine
Elemental
Organic
Particulate
All other nuclides
particulate

In Containment Atmosphere

In ECC Solution

0.0485
0.0015
0.95

0.97
0.03
0

1.0

1.0
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Table 15.6-24
SMALL BREAK LOCA PCT SUMMARY

DELETED

Page 244 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

15.7
15.7.1

RADIOACTIVE RELEASE FROM A SUBSYSTEM OR
COMPONENT
RADIOACTIVE GAS WASTE SYSTEM FAILURE

The following components containing gaseous radioactive wastes are examined under severe
failure mode conditions for effects on the plant safety profile:
1. Gas Decay Tank and
2. Volume Control Tank
15.7.1.1
15.7.1.1.1

Gas Decay Tank Rupture
Description of Event

The waste gas decay tank accident is defined as an unexpected and uncontrolled release to the
atmosphere of the radioactive fission gases that are stored in the waste gas storage system.
Failure of a gas decay tank or associated piping could result in a release of this gaseous
activity.
The gas decay tanks contain the gases vented from the reactor coolant system, the volume
control tank, and the chemical and volume control system holdup tanks. Sufficient volume is
provided in each of four tanks to store the gases evolved during a reactor shutdown. The system
is adequately sized to permit storage of these gases for 45 days prior to discharge.
As the components of the waste gas system are not subjected to any high pressures or stresses
and are designed to Seismic Category I, a rupture or failure is highly unlikely. In addition to
the tanks which have a design pressure greater than atmospheric, the piping and the valves are
designed to code requirements given in Section 11.3.2.2.2. However, a rupture of a gas decay
tank is analyzed to define the limit of the hazard that could result from any malfunction in the
radioactive gaseous waste system.
15.7.1.1.2

Frequency of Event

The waste gas decay tank rupture is classified as an ANS Condition III infrequent event.
Section 15.0.8 discusses Condition III events.
15.7.1.1.3

Event Analysis

The effects of the waste gas decay tank rupture are analyzed based upon conditions resulting
in the maximum amount of activity that could accumulate from operation with cladding
defects in 1% of the fuel elements.
The radioactive release from the waste gas decay tank provides the maximum noble gas
source term for assessing whole body gamma dose following the tank rupture.
Non-volatile fission product concentrations are greatly reduced as the coolant being letdown
is passed through the purification demineralizers. For example, the removal factor for iodine
is at least 10. The decontamination (partition) factor for iodine between the liquid and vapor
phase is expected to be on the order of 10,000. Based on the above analysis and operating
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experience, activity stored in a gas decay tank consists primarily of noble gases released from
the processed coolant and only negligible quantities of less volatile isotopes. Accordingly,
since there is no significant quantity of radioactive iodine within the gas decay tank, a thyroid
dose is not calculated.
The effects of the 18-month fuel cycle program are included in the calculated doses.
15.7.1.1.3.1

Single Failures Assumed

The analysis assumes no protective actions are performed to mitigate the consequences of this
event; therefore, no limiting single failure is applicable.
15.7.1.1.3.2

Operator Actions Assumed

No operator actions are credited in the analysis.
15.7.1.1.3.3

Chronological Description of Event

Activity from the ruptured tank is released to the environment considering a two-hour
release rate and a puff release. The two-hour release rate is consistent with the Fuel Handling
Accident. The puff release was incorporated in response to a NRC staff concern. However,
results are identical for both cases.
15.7.1.1.3.4

Impact on Fission Product Barriers

The tank rupture event occurs outside the containment building; hence, fission product barrier
(i.e., fuel cladding, reactor coolant pressure boundary, and containment) integrity is
unaffected. The tank rupture results in the release of the contained radioactivity; however,
the accident has no impact on the design basis limits associated with the plant’s fission
product barriers.
15.7.1.1.4

Reactor Core and Plant System Evaluation

The waste gas decay tank rupture does not affect the reactor core or nuclear steam supply
safety performance.
15.7.1.1.4.1
Input Parameters and Initial Conditions
A. The waste gas decay tank is assumed to have an inventory of 100,000 Ci of equivalent Xe133. This is the maximum value allowed by the Explosive Gas and Storage Tank
Radioactivity Monitoring Program (see Technical Specifications) in each tank.
B. The 470 ft3 gas decay tank is assumed to be isolated from the remainder of the waste gas
system at the time of the rupture. The waste gas system is designed and operated such that
the failure of one tank does not result in the additional release of radioactivity stored in any
other gas decay tank.
C. The atmospheric dispersion factors are as follows:
EAB
0 - 2 hours

2.17E4
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LPZ
0 - 8 hours
2.51E-5
8 - 24 hours
1.78E-5
24 - 96 hours
8.50E-6
96 - 720 hours
2.93E-6
D. The control room dose in considered in Section 6.4.3.1.
15.7.1.1.4.2

Methodology

The doses due to immersion in a semi-infinite cloud of radioactive materials are determined
based upon methods, parameters, and equations given in Reference 22.
15.7.1.1.4.3

Acceptance Criteria

Acceptance criteria appropriate for this Condition III event are:
NUREG-0133, Preparation of Radiological Effluent Technical Specifications for Nuclear
Power Plants (Reference 18, Section 5.6.1), requires that the quantity of radioactive gas in
each gas storage tank be limited to a predetermined curie content. This ensures that, in the
event of an uncontrolled release of the tank contents, the resulting total body exposure to an
individual at the nearest exclusion area boundary (EAB) will not exceed 0.5 rem.
15.7.1.1.4.4

Results

The failure of the gas decay tank results in the release of the radioactive contents to the
auxiliary building and assumed to diffuse from the building to the environment.
The calculated dose to an individual at the nearest exclusion area boundary (EAB) as a result
of the postulated gas decay tank rupture is approximately 1.25E-1 Rem TEDE.
The calculated dose to an individual (30 days) at the Low Population Zone (LPZ) is
approximately 1.45E-2 Rem TEDE.
15.7.1.1.5

Radiological Evaluation

As part of the Control Room Emergency Air Treatment System (CREATS) modification, the
control room dose was reanalyzed because of the new system configuration. For consistency,
new x/Q values and off-site doses were also analyzed. Reference 21 is now considered to be
the Gas Decay Tank (GDT) Release dose analysis of record. Although initially calculated as
part of the new conversion to Alternate Source Term (AST) methodology, it was not reviewed
by the NRC as part of the submittal because the GDT release is not one of those accidents
addressed in Reference 22. However, significant benefit and consistency was gained by
performing an updated analysis. An analysis was subsequently performed using plant
specific source terms as part of Extended Power Uprate (EPU). However, the generic
100,000 Ci source remains conservative, and Reference 21 remains the analysis of record.
15.7.1.1.6

Conclusions

Failure of the waste gas system has been reviewed, and the conservatively computed
radiological dose consequences have been found to be within the acceptable regulatory
guidance.
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15.7.1.2

Volume Control Tank Rupture

15.7.1.2.1

Description of Event

The volume control tank rupture accident is defined as an unexpected and uncontrolled
release to the atmosphere of the contained radioactive fission product gases. The volume
control tank contains fission gases and low concentrations of halogens which are normally a
source of waste gas activity vented to a gas decay tank. The iodine concentrations and
volatility are very low at the temperature, pH, and pressure of the fluid in the volume control
tank. Failure of the tank or associated piping would result in the release of this gaseous
activity.
The disposition of liquid activity is discussed in Section 15.7.2.
As the volume control tank and associated piping are not subjected to any high pressures or
stresses and are of Seismic Category I design, a rupture or failure is highly unlikely.
However, a rupture of the volume control tank is analyzed to define the limit of exposure that
could result from such an occurrence.
15.7.1.2.2

Frequency of Event

The volume control tank rupture is classified as an ANS Condition III infrequent event.
Section 15.0.8 discusses Condition III events.
15.7.1.2.3

Event Analysis

The effects of the volume control tank rupture are analyzed based upon conditions resulting in
the maximum amount of activity that could accumulate from operation with cladding defects
in 1% of the fuel elements.
The analysis of this event is used to demonstrate that the plant is adequately designed against
an atmospheric release of radioactivity due a leak or failure of the radioactive liquid waste
system as described in Section 15.7.2. The radioactive release from the volume control tank
provides the maximum radiation source term of volatile iodine for assessing thyroid dose
consequences, whereas the radioactive release from the waste gas decay tank provides the
maximum noble gas source term for assessing whole body gamma dose.
The effects of the 18-month fuel cycle program are included in the volume control tank doses.
15.7.1.2.3.1

Single Failures Assumed

The analysis assumes no protective actions are performed to mitigate the consequences of this
event; therefore, no limiting single failure is applicable.
15.7.1.2.3.2

Operator Actions Assumed

No operator actions are credited in the analysis.
15.7.1.2.3.3

Chronological Description of Event

The sequence of events is as follows:

Page 248 of 275

Revision 27 11/2017

GINNA/UFSAR

Chapter 15 ACCIDENT ANALYSES

Elapsed Time
0
<1 hour

15.7.1.2.3.4

Events
Event begins with postulated tank failure and the
release of radioactive gases to the building.
Detection of the “puff” release is by an alarmed
increase in the activity released from the auxiliary
building via the vent monitor (R-13 and R-14) and/or
area radiation monitor alarms.

Impact on Fission Product Barriers

The volume control tank rupture event occurs outside the containment building; hence,
fission product barrier (i.e., fuel cladding, reactor coolant pressure boundary, and
containment) integrity is unaffected. The tank rupture results in the release of the contained
radioactivity; however, the accident has no impact on the design basis limits associated with
the plant’s fission product barriers.
15.7.1.2.4

Reactor Core and Plant System Evaluation

The volume control tank rupture does not affect the reactor core or nuclear steam supply
safety performance.
15.7.1.2.4.1

Input Parameters and Initial Conditions

A. Rupture of the volume control tank is assumed to release all the contained noble gases and
the contained iodine in the fraction that evaporates plus that small amount contained in the
60 gpm flow from the demineralizers which would continue for up to 5 minutes before
isolation would occur.
B. The activities available for release of equivalent Xenon-133 are 1000 Ci and for equivalent
Iodine-131, 0.07 Ci, which include the 1.33 factor for volumetric specific activity increase
resulting from the fluid temperature decrease to 130F.
C. The rupture of the volume control tank is assumed to occur instantaneously releasing the
entire volatile contents of the tank to the outside atmosphere at ground level.
D. In calculating offsite (exclusion area boundary) plume centerline exposure, it is assumed
that the activity is dispersed as a Gaussian plume downwind, taking into account building
wake dilution. No credit is taken for the buoyant lift effect of the hydrogen present in the
released gas. Dispersion coefficients based on conservative meteorology (Reference 11) are
used. A wind velocity of 1 m/sec is assumed to remain in one direction for the duration of
the accident.
15.7.1.2.4.2

Methodology

The whole body and thyroid doses due to immersion in a semi-infinite cloud of radioactive
materials are determined based upon methods, parameters, and equations given in
Meteorology and Atomic Energy, (Reference 12).
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15.7.1.2.4.3

Acceptance Criteria

The acceptance criteria appropriate for this Condition III event is that failure of the volume
control tank should result in doses that are a small fraction of the guideline values of 10 CFR
100. A “small fraction” means 10% or less of the 10 CFR 100 exposure guideline values, i.e.,
30 rem for the thyroid and 2.5 rem for the whole-body doses.
15.7.1.2.4.4

Results

The failure of the volume control tank results in the release of the radioactive contents to the
auxiliary building ventilation system with the subsequent unimpeded release to the surrounding
site environs.
The calculated gamma whole body dose to an individual at the nearest exclusion area boundary
(EAB) as a result of the volume control tank rupture is approximately 3.6 mrem. The
equivalent iodine-131 thyroid dose at the exclusion area boundary (EAB) is 17 mrem.
15.7.1.2.5

Radiological Evaluation

The offsite doses at the exclusion area boundary (EAB) resulting from the volume control
tank rupture are 0.017 rem thyroid and 0.0036 rem whole body, which is a “small fraction” of
the guidelines values of 10 CFR 100.
15.7.1.2.6

Conclusions

Failure of the volume control tank has been reviewed, and the conservatively computed
radiological doses due to the atmospheric release have been found to be a small fraction of the
acceptable regulatory guidance.
15.7.2
15.7.2.1

RADIOACTIVE LIQUID WASTE SYSTEM FAILURE
Description of Event

Accidents in the auxiliary building which could result in the release of radioactive liquids are
those that involve the rupture or leaking of storage tanks or system pipe lines. The major
tanks are described below.
The largest storage vessels containing radioactive waste materials are the chemical and
volume control system holdup tanks (33,000 gallons each) which are used to store the normal
recycle or waste fluids for processing. The tanks are equipped with relief valves and are
Seismic Category I components. The chemical and volume control system holdup tanks are
described in Section 9.3.4.3.4.1.
The waste holdup tank is a horizontal tank (21,000 gallons) to which the auxiliary building
floor drains are routed. It is continuously maintained at atmospheric pressure. The tank vent
line is routed through the auxiliary building charcoal filters. The waste holdup tank is
described in Section 11.2.2.4.
The spent resin storage tanks (1,122 gallons each) are liquid waste tanks that are projected to
contain the largest (curie) inventory of liquid radioactive waste. Loss of water from this tank
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could potentially result in the release of volatilized radioactive isotopes to the environs due to
the inability to remove decay heat generated by the spent resins. The spent resin storage tanks
are described in Section 11.4.1.2.
The volume control tank (1,500 gallons) contains gases and volatile radioactive liquids. The
tank is equipped with a relief valve and is a Seismic Category I component. In addition, level
alarms and automatic tank isolation / valve control ensure that a safe condition is maintained
during system operation. The volume control tank is described in Section 9.3.4.3.1.9.
Piping external to the containment, running between the containment and the auxiliary
building and the waste disposal tank area, is run below grade in concrete trenches.
All liquid waste components that contain significant levels of radioactivity are located in the
auxiliary building, and any liquid from a failure of a tank or piping will be collected in the
building sump to be pumped back into the liquid waste processing system. Any subsequent
discharge of radioactive liquid to the lake would be conducted under administrative controls
and would not result in the discharge of activity concentrations into the lake in excess of the
limits given in the Offsite Dose Calculation Manual.
15.7.2.2

Frequency of Event

The radioactive liquid waste system failures are classified as ANS Condition III infrequent
event. Section 15.0.8 discusses Condition III events.
15.7.2.3

Event Analysis

The selection and evaluation of the effects of radioactive liquid waste system failures are
analyzed based upon the following limiting conditions:
Liquid Waste System Failure
The limiting condition associated with this failure results from the accidental
release/discharge of a batch of liquid waste to the environs. An evaluation of an accidental
release of liquid waste is based upon a review of the operating procedures for discharging
liquid effluents, the surveillance radiation monitoring equipment provided, the radiation
monitor failure mode, and the consequences of a radiation monitor failure.
Volatized Release from Liquid Tank Failures
Spent Resin Storage Tank Failure
The limiting conditions associated with the failure of a spent resin storage tank results from
the loss of water in the tank and the subsequent potential for the release of volatile radioactive
isotopes to the environs due to the inability to remove decay heat generated by the spent
resins.
Volume Control Tank Failure
The limiting conditions resulting from volume control tank accidental volatized and gaseous
releases are described and their effects are analyzed in Section 15.7.1.2.
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15.7.2.3.1

Single Failures Assumed

No limiting single failures are assumed since it can be shown that design features and
administrative controls provide adequate assurance that radioactive liquids are not released in
an uncontrolled manner after a liquid waste system failure.
15.7.2.3.2

Operator Actions Assumed

Operator actions credited in the analyses are based on plant operating procedures intended to
control the discharge of liquid effluents (see Section 15.7.2.4.4.1 for more details).
Radioactive liquid waste system tank failures do not affect the reactor core or nuclear steam
supply safety performance. However, systems evaluations are preformed of liquid waste
system tank failures and their mitigation using available plant design features and
administrative/ procedural controls.
15.7.2.3.3

Chronological Description of Event

The event begins with postulated tank or piping failure and the release of radioactive liquids
to the floor; drains route the liquid to the auxiliary building sump. Detection and corrective
actions are initiated to pump back the released liquids to the liquid waste system for
processing or to initiate corrective actions to stabilize and control the release of radioactivity.
The detection of the event is based on tank level alarms, area radiation monitor alarms,
effluent monitors, or auxiliary building ventilation process radiation monitor alarms.
15.7.2.3.4

Impact on Fission Product Barriers

The waste component failure events occur outside the containment building; hence, fission
product barrier (i.e., fuel cladding, reactor coolant pressure boundary, and containment)
integrity is unaffected. Tank ruptures result in the release of the contained radioactivity;
however, the accident has no impact on the design basis limits associated with the plant’s
fission product barriers.
15.7.2.4
15.7.2.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

With regard to the assessment of liquid releases:
A. Failure of liquid waste components will result in the release of the liquid contents to the
auxiliary building sump.
B. The capacity of the building sump and basement volume is sufficient to hold the full
volume of a chemical and volume control system holdup tank without overflowing to
areas outside the building.
C. The release of liquid radioactive waste to the environment is under
administrative/procedural controls and monitored surveillance.
With regard to the assessment of the spent resin storage tank:
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A. The loss of water from the spent resin tank will result in the heatup of resin material from
decay heat with the potential for release to the environment of the volatized radioactivity
unless the temperature of the resin is maintained below its operating limit of 140F.
B. The tank contains only the mixed-bed resin from one mixed-bed demineralizer (spent resin
volume is 20 ft3) discharged to the spent resin storage tank following operation of the plant
for one cycle with 1% fuel defects. This yields the maximum heat generation per unit volume
of resin in the tank and the maximum level of radioactivity (17,000 curies) in the tank.
C. Water is lost immediately following discharge of mixed-bed resins into the spent resin storage
tank.
D. There are no heat losses through the tank walls.
E. Resin specific gravity is 1.14 with a void fraction of 0.4 giving a resin density of 43 lb/ft3.
Mean heat capacity of resin is 0.31 Btu/lb-F.
15.7.2.4.2

Methodology

The credibility of an accidental release of radioactive waste is assessed based upon a review
and evaluation of the administrative/procedural controls and the monitored surveillance of
waste releases.
An assessment of the corrective actions required to prevent the release of volatilized radioactive
materials from the spent resin storage tank is made based upon a review of the required
operator actions and the capability of installed equipment to maintain the resin temperature
below the normal resin operating limit.
15.7.2.4.3

Acceptance Criteria

Failure of liquid waste system components should not result in radionuclide concentrations in
excess of the limits specified in 10 CFR 20, Appendix B, at the nearest potable water supply
in an unrestricted area. If these limits cannot be maintained, special design features or other
corrective actions need to be provided to mitigate the effects of the postulated failure.
15.7.2.4.4

Results

The failure of liquid waste tank results in the release of the radioactive contents to the
auxiliary building sumps with the subsequent pump back to the liquid waste processing
system. The release of liquid-derived radioactive releases is limited by operator actions in
accordance with administrative/procedural controls.
15.7.2.4.4.1

Accidental Release of Liquid Waste Assessment

The evaluation of the accidental release of radioactive fluids from the waste disposal system
is based upon system design and waste discharge procedures.
Liquid wastes are contained in the sump and processed back to the liquid radwaste system for
clean-up and discharge under controlled conditions.
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Design features prevent the uncontrolled release of effluent fluids. The last stop valve in the
discharge line is a manual, locked closed valve under administrative control. The monitor
tank pump must be manually started. The radiation trip valve must be manually opened. This
valve automatically closes on a high radiation signal from the liquid waste process monitor or
upon loss of power to the monitor. The monitor alarms on high radiation or if it fails off
scale.
Release is controlled by the Offsite Dose Calculation Manual.
It is concluded that the safety features built into the equipment combined with the
administrative controls imposed on the operator provide a high degree of assurance against
accidental release of waste liquids.
15.7.2.4.4.2

Spent Resin Storage Tank Assessment

The loss of water from a spent resin storage tank actuates a low-level alarm to warn the
operator. Resin contained in the tank can then be cooled by periodically flushing water from
the reactor makeup water tank through the resin. Two cooling water pathways are available:
1. Through the primary makeup water injection pipeline used when resin is removed from the
tank.
2. Through the primary makeup pipeline used when resin is sluiced from the demineralizers
into the tank.
The heat generation rate, q (Btu/hr), due to fission product decay of 17,000 curies in the spent
resin storage tank is approximated closely as a function of time, t (hours), by:
q=143e-0.0116t+ 40e-0.00127t+30
where the first term is a short-lived, the second an intermediate-lived, and the last term is a
long-lived isotope contribution.
On this basis, the resin bed temperature, T (F) as a function of time, t (hour) is:
T=46(1 - e-0.0116t) + 118(1 - e-0.00127t) + 0.11t + T0
where To is the initial resin temperature.
With an initial bed temperature of 104F, it will take 55 hours for the bed to heat to 140F, the
normal resin operating limit. At or below a temperature of 140F, the radioactivity will not be
released from the resin. The actual time to heat to 140F will be greater than 55 hours
because of the conservative assumptions made in the calculation. The heat accumulated in
the resin through the initial 55 hours will be 15,000 Btu. The bed can be maintained at 140F
or less by back-flushing the resin with primary water at 55-hour intervals. Flush water will be
collected by the floor drain system and will be pumped to the waste holdup tank. If a 10F
rise is taken in the flush water, the total quantity of water required would be about 200 gallons
per back-flush operation to remove the 15,000 Btu accumulated in the resin.
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Therefore, the loss of water from the spent resin storage tank presents no hazard offsite or
onsite because means are available to detect the situation and keep the resin temperature
under control until the resin can be removed to burial facilities.
15.7.2.4.5

Effects of 18-month Fuel Cycle

The effect of the 18-month fuel cycle program is included in the volume control tank doses
reported in Section 15.7.1.2. The change to the 18-month fuel cycle has no significant impact
on the assessment and mitigation of the other liquid tank failures because it is shown that no
uncontrolled release to the environs occurs.
15.7.2.5

Radiological Evaluation

The failure of a liquid waste tank will not result in an uncontrolled release of radioactive liquid
waste materials. Controlled releases of liquid waste will be in accordance with procedural
controls which will ensure compliance with the limits specified in 10 CFR 20, Appendix B, at
the nearest potable water supply in an unrestricted area.
Volatilized volume control tank liquids evaluated in Section 15.7.1.2 were shown to satisfy
acceptable regulatory requirements.
15.7.2.6

Conclusions

Failure of the limiting liquid waste tanks has been reviewed and the results of the evaluations
found to comply with the acceptable regulatory guidance. No additional design features are
required for mitigation of the consequences of this event.
15.7.3

FUEL HANDLING ACCIDENTS

15.7.3.1

Description of Event

A fuel handling accident (FHA) during refueling could release a fraction of the fission
product inventory to the environment. Two accident scenarios are considered:
1. a refueling accident in containment and
2. a refueling accident in the auxiliary building.
The possibility of a fuel handling incident is very remote because of the many administrative
controls and physical limitations imposed on fuel handling operations as described in Section
9.1.4 and the following subsections.
15.7.3.1.1

MODE 6 (Refueling) Preparations

All refueling operations are conducted in accordance with prescribed procedures under the
direct supervision of a person holding a senior operator license in accordance with 10 CFR
50.54(m)(2)(iv). Also, before any refueling operations begin, rod cluster control assemblies
are inserted into the core and the reactor trip breakers are opened. Boron concentration in the
coolant is raised to the MODE 6 (Refueling) concentration and verified by sampling. MODE
6 (Refueling) boron concentration is sufficient to maintain the clean, cold, fully loaded core
subcritical with all rod cluster control assemblies withdrawn. The refueling cavity is filled
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with water meeting the same boric acid specifications. As the vessel head is raised, a visual
check is made to verify that the drive shafts are free in the mechanism housings.
After the vessel head is removed, the rod cluster control assembly drive shafts are removed
from their respective assemblies using the manipulator crane auxiliary hook and the drive
shaft unlatching tool. A calibrated load cell is used to indicate that the drive shaft is free of
the rod cluster control assembly as the lifting force is applied.
15.7.3.1.2

Fuel Handling Equipment Safety Features

The fuel handling equipment (manipulator crane, fuel transfer system and spent fuel pool
bridge crane) is designed so that fuel cannot be raised above a position which provides
adequate shield water depth for the safety of operating personnel. This safety feature applies
to handling facilities in the containment and in the spent fuel pool area.
The structural design of the Independent Spent Fuel Storage Installation (ISFSI) 125 ton
crane and the 125 tone crane support structure in the Canister Preparation Building were
constructed in accordance with ASME NOG-1, NUREG-0554, CMAA-70 and the Ginna
UFSAR.
Adequate cooling of fuel during underwater handling is provided by convective heat transfer
to the surrounding water. The spent fuel assembly is immersed continuously while in the
refueling cavity or spent fuel pool. Even if a spent fuel assembly becomes stuck in the
transfer tube, natural convection will maintain adequate cooling.
MODE 6 (Refueling) boron concentration, as specified in the cycle-specific Core Operating
Limits Report (COLR), is sufficient to maintain the clean, cold, fully loaded core subcritical
by at least 5% (delta k)/k with all rod cluster control assemblies inserted. The refueling cavity
is filled with water with the same boron concentration.
Two nuclear instrumentation system source range channels are continuously in operation and
provide warning of any approach to criticality during refueling operations within
containment. This instrumentation provides a continuous audible signal in the containment
and would annunciate a local horn and an annunciator light in the control room if the count
rate increased above a preset low level.
In the spent fuel pool, the design of storage racks and manipulation facilities is such that:
A. Fuel at rest is positioned by positive restraints in an ever safe, always subcritical,
geometrical array.
B. Administrative controls restrict fuel manipulation to only one assembly at a time.
C. Violation of procedures by placing one fuel assembly in juxtaposition with any group of
assemblies in racks will not result in criticality.
D. Crane interlocks and administrative controls do not permit the handling of heavy objects,
such as a spent fuel shipping container, above the fuel racks.
All these safety features make the probability of a fuel handling incident very low.
Nevertheless, it is possible that a fuel assembly could be dropped during the handling
operations.
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15.7.3.1.3

Fuel Handling Operations Precautions

Special precautions are taken in all fuel handling operations to minimize the possibility of
damage to fuel assemblies during transport to and from the spent fuel pool and during
installation in the reactor. All handling operations on irradiated fuel are conducted underwater.
The handling tools used in the fuel handling operations are conservatively designed, and the
associated devices are of a fail-safe design.
In the fuel storage area, administrative controls and geometric constraints ensure that the fuel
assemblies are spaced in a pattern which prevents any possibility of a criticality accident.
Crane interlocks and administrative controls prevent carrying heavy objects, such as a spent
fuel transfer cask, over the fuel assemblies in the storage racks. In addition, administratively,
only one fuel assembly can be handled at a given time over storage racks containing spent
fuel.
The motions of the cranes which move the fuel assemblies are limited to a relatively low
maximum speed. Caution is exercised during fuel handling to prevent the fuel assembly from
striking another fuel assembly or structures in the containment or spent fuel pool.
The fuel handling equipment suspends the fuel assembly in the vertical position during fuel
movements, except when the fuel is moved through the transport tube.
In 1996, the technical specifications requirements related to the equipment hatch were revised
to allow use of an installed retractable overhead door assembly to isolate the equipment hatch
opening (References 15 and 16). For the analysis of the fuel handling accident, the
containment was assumed to be closed as required by the then current Technical
Specifications, with the equipment hatch isolated by use of the retractable overhead door
assembly (Reference 15).
In preparation for the Independent Spent Fuel Storage Installation (ISFSI), operational in
2010, a Canister Preparation Building (CPB) was constructed to house a new 125-ton fuel
cask handling crane, a 30-ton overhead crane, and other ancillary equipment necessary for
canister preparation and storage activities. A 125-ton single failure proof crane is required to
handle the cask and fully loaded canister. The 125-ton crane transfers the DSC/Transfer cask
loaded with spent fuel from the Spent Fuel Pool to the self-propelled modular transporter
within the CPB. The Dry Shielded Canister (DSC), with spent fuel assemblies shielded by
the transfer cask, is then ultimately transported to the Horizontal Storage Modules (HSM's)
located on the ISFSI pad. The ISFSI pad site serves as the R. E. Ginna facility for the interim
storage of sealed, leak proof, and self contained Dry Shielded Canister (DSC) holding spent
fuel.
15.7.3.1.4

Consequence of Dropped Fuel Assembly

The design of the fuel assembly is such that the fuel rods are restrained by grid clips which
provide a total restraining force of approximately 60 lb on each fuel rod. If the fuel rods are
in contact with the bottom plate of the fuel assembly, any force transmitted to the fuel rods is
limited due to the restraining force of the grid clips. The force transmitted to the fuel rods
during fuel handling is not sufficient to breach the fuel rod cladding. If the fuel rods are not in
contact with the bottom plate of the assembly, the rods would have to slide against the 60-lb
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friction force. This would absorb the shock and thus limit the force on the individual fuel
rods. However, after the reactor is shut down, the fuel rods contract during subsequent
cooldown and would not be in contact with the bottom plate of the assembly.
Considerable deformation would have to occur before the rod would make contact with the
top plate and apply any appreciable load on the fuel rod. Based on the above, it is unlikely
that any damage would occur to the individual fuel rods during handling. If one assembly is
lowered on top of another, no damage to the fuel rods would occur that would breach the
integrity of the cladding.
If during handling the fuel assembly strikes against a flat surface, the loads would be
distributed across the fuel assemblies and grid clips, and essentially no damage would be
expected in any fuel rods.
If the fuel assembly were to strike a sharp object, it is possible that the sharp object might
damage the fuel rods with which it comes in contact, but breaching of the cladding is not
expected. However, analysis on postulated cladding failures has been performed, and the
results are discussed in Section 15.7.3.4.
Preliminary analyses have been made assuming the extremely remote situation where a fuel
assembly is dropped 14 ft and strikes a flat surface, where one assembly is dropped on
another, and where one assembly strikes a sharp object. The analysis of a fuel assembly
assumed to be dropped and striking a flat surface considered the stresses to which the fuel
cladding was subjected and any possible buckling of the fuel rods between the grid clip
supports. The results showed that the axial load at the bottom section of the fuel rod, which
would receive the highest loading (approximately 100 lb), was below the critical buckling
load (250 lb), and the stresses were relatively low and below the yield stress. For the case
where one assembly was postulated to be dropped on top of another fuel assembly, the loads
would be transmitted through the end plates and the rod cluster control assembly guide tubes
of the struck assembly before any of the loads reached the fuel rods.
The end plates and guide thimbles absorb a large portion of the kinetic energy because of
bending in the lower plate of the falling assembly. Also, energy is absorbed in the struck
assembly top end plate before any load can be transmitted to the fuel rods. The results of this
analysis indicated that the buckling load on the fuel rod was below the critical buckling loads
and the stresses in the cladding were relatively low and below yield.
Refueling experience with Westinghouse reactors has verified the fact that no fuel cladding
integrity failures are expected to occur during any fuel handling operations.
15.7.3.2

Frequency of Event

A fuel handling accident is classified as an ANS Condition IV limiting fault. Section 15.0.8
discusses Condition IV events.
15.7.3.3

Event Analysis

Two fuel handling accidents are analyzed:
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Case A:

Fuel handling accident inside containment with no containment filtration
and with activity egress through an open Equipment Hatch.

Case B:

Fuel handling accident in the auxiliary building with no credit for spent fuel
pool filtration and with activity egress through the open roll-up door in the
south wall of the auxiliary building.

Control room doses are calculated for both Cases A and B, and are discussed in Section
6.4.3.1
15.7.3.3.1

Protective Features

Case A assumes that activity form the damaged fuel rods is instantaneously released to the
pool water. The rate of activity release to the environment is independent of the actual
ventilation flow rate. All radioactive material that escapes the reactor cavity is released to
the environment over a two-hour period.
Case B assumes that activity from the damaged fuel rods is instantaneously released to the
spent fuel pool water. All radioactive material that escapes from the spent fuel pool is
released to the environment over a 2-hour period. Since the released activity escapes through
the open roll-up door in the south wall of the auxiliary building, the spent fuel pool filters are
not credited.
15.7.3.3.2

Single Failures Assumed

Both Cases A and B assume no single failure.
The analysis assumes no protective actions are performed to mitigate the consequences of the
fuel handling accident inside the containment or in the auxiliary building.
15.7.3.3.3

Operator Actions Assumed

No operator actions are credited in the fuel handling accident analyses. However, procedures
are in place to assist the operators in mitigating the radiological consequences of the event.
15.7.3.3.4

Chronological Description of Event

A fuel handling accident in containment or the auxiliary building begins with the dropping of
a fuel assembly which damages all rods in the assembly. The entire gap inventory is released
into the water. Partitioning of the iodine occurs in the water before entering the atmosphere;
noble gases escape without benefit of partitioning. In the containment and in the auxiliary
building the gases are released through open penetrations with no credit for filtration. All
activity is assumed to be released to the environment over a two-hour period.
15.7.3.3.5

Impact on Fission Product Barriers

A fuel handling accident is postulated to result in a breach of the fuel cladding fission product
barrier.
For fuel handling accidents, there is no reactor coolant pressure boundary between the
cladding and the atmosphere.
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15.7.3.4
15.7.3.4.1

Reactor Core and Plant System Evaluation
Input Parameters and Initial Conditions

The input parameters and initial conditions associated with the assessment of the radiological
consequences of the postulated fuel handling accidents are summarized in Table 15.7-2.
During core alterations or movement of irradiated fuel assemblies within containment, the
personnel and equipment hatch openings are closed, or capable of being closed under
administrative control as required by the technical specifications. Thus, closure is not
credited in the accident analysis.
During fuel handling in the auxiliary building, the open roll-up door in the south wall of the
auxiliary building is assumed to be open. Thus, closure and filtration are not credited in the
accident analysis.
15.7.3.4.2

Methodology

The methods utilized in performing offsite dose consequence analyses are based upon the
calculation models and assumptions in Regulatory Guide 1.183 (Reference 22).
15.7.3.4.3

Acceptance Criteria

The dose to an individual from a postulated fuel handling accident should be less than 6.3
Rem TEDE at the Exclusion Area Boundary (EAB) or Low Population Zone (LPZ).
15.7.3.4.4

Results

The results are contained in Table 15.7-3.
15.7.3.5

Radiological Evaluation

As part of the Technical Specification revision to allow both containment personnel interlock
doors to remain open under administrative control during refueling operations, control room
and offsite doses were reanalyzed because of the reduced fission product decay period and
because of the new auxiliary building system configuration. To comply with restrictions in
Footnote 11 to Table 3 of Reference 22, revised non-LOCA gas gap release fractions were
calculated in Reference 27. Revised control room x/Q values were calculated consistent with
the regulatory requirements of Reference 28, using the NRC approved code ARCON96,
(Reference 29). The revised x/Q values and doses are documented in Reference 30, which is
now considered to be the Fuel Handling Accident (FHA) of record. Fission product inventory
and activity released is summarized in Table 15.7-1. The analysis assumptions are contained
in Table 15.7-2, and the results are contained in Table 15.7-3. The analysis was performed
using the alternate source term (AST) methodology per 10 CFR 50.67 and Reference 22.
The new methodology and analysis was submitted to the NRC in Reference 31 and
subsequently approved by the NRC in Reference 32. These supersede the previous analysis
of record (Reference 23) and NRC SERs (Reference 24-25).
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15.7.3.6

Conclusions

Fuel handling accidents inside containment and in the auxiliary building have been reviewed
and the offsite and control room dose consequences found to meet 10 CFR 50.67.
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Table 15.7-1
FISSION PRODUCT INVENTORY AND ACTIVITY RELEASED FROM POOL
Nuclide

Total Core
Activity 72 hours
decay,

Core
Damage
Fraction
(F)

Gap
Fraction
(G)

Peaking
Factor (P)

Overall
Pool DF

Activity
Released
from Pool,
Ci (A)

Ci(Ac)
I-131

4.03E+07

0.008264

0.16

1.75

200

4.66E+02

I-132

3.95E+07

0.008264<

0.10

1.75

200

2.86E+02

I-133

9.61E+06

0.008264

0.15

1.75

200

1.04E+02

I-134

8.52E-17

0.008264

0.10

1.75

200

6.16E-22

I-135

5.22E+04

0.008264

0.10

1.75

200

3.77E-01

Kr-85m

1.97E+02

0.008264

0.10

1.75

1

2.86E-01

Kr-85

5.85E+05

0.008264

0.20

1.75

1

1.69E+03

Kr-87

2.25E-10

0.008264

0.10

1.75

1

3.25E-13

Kr-88

8.59E-01

0.008264

0.10

1.75

1

1.24E-03

Xe-133m

1.82E+06

0.008264

0.15

1.75

1

3.94E+03

Xe-133

8.20E+07

0.008264

0.15

1.75

1

1.78E+05

Xe-135m

8.36E+03

0.008264

0.10

1.75

1

1.21E+01

Xe-135

1.04E+06

0.008264

0.10

1.75

1

1.51E+03

Core damage fraction is 1/121 = 0.008264. The total number of fuel
assemblies in the core is 121.
The activity released from the pool (A) is calculated as follows:
A = Ac*F*G*P
DF
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Table 15.7-2
FHA DOSE ANALYSIS ASSUMPTIONS
Parameter

Value

Reactor power, MWt (including 2% uncertainty)

1811

Power Peaking Factor

1.75

Number of damaged fuel assemblies

1

Fission product inventory in damaged assemblies after
decay

Values shown in Table 15.7-1

Time after Reactor Shutdown, hr

72a

Fuel rod gap fractions
I-131
P-133
other halogens
Kr-85
Xe-133,Xe-133m
other noble gases

0.16
0.15
0.10
0.20
0.15
0.10

Iodine species above water
elemental iodine
organic iodide

0.57
0.43

Pool DF
elemental iodine
organic iodide
particulate
Overall Pool DF

500
1
infinite
200
1E6

Containment net free volume, ft3
Exhaust flow rate, cfm

7.68E4

Duration of activity release, hr

2

Iodine removal efficiency
Containment FHA (all iodine forms)
Fuel Pool FHA (all iodine forms)

0
0

Atmospheric dispersion, X/Q, sec/m3
EAB 0-2 hr

2.17E-4
2.51E-5
1.78E-5
8.50E-6
2.93E-6

LPZ 0-8 hr
8-24
24-96
96-720
Breathing Rate, m3/sec
EAB & LPZ 0-8 hr
a.

3.47E-4

Still 100 hours in Tornado Missile Accident Analysis
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Table 15.7-3
FHA DOSE. REM TEDE
EAB Max - 2 hr

LPZ, 2 hr

FHA - inside Containment via
roll-up door

1.4820

1.7142E-1

FHA - Spent Fuel Pool

1.4820

1.7142E-1

6.3

6.3

Acceptance Criteria
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Table 15.7-4
Table DELETED
Table DELETED
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Table 15.7-5
Table DELETED
Table DELETED
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Table 15.7-6
Table DELETED
Table DELETED
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15.8
15.8.1

ANTICIPATED TRANSIENTS WITHOUT SCRAM
ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS)

The effects of anticipated transients without scram (ATWS) events are not considered as part
of the design basis for the transients analyzed in Chapter 15. This ATWS discussion is
included since ATWS considerations are within the licensing basis of the plant.
An ATWS event is an anticipated operational occurrence (AOO) (such as a loss of feedwater,
loss of power to the station auxiliaries, loss of condenser vacuum or turbine trip), which is
accompanied by the failure of the reactor trip system (RTS) to shut down the reactor. The
final ATWS rule, 10 CFR 50.62(c)(1), requires the incorporation of a diverse (from the
reactor trip system) actuation of the auxiliary feedwater system and turbine trip for
Westinghouse-designed plants. The installation of the NRC-approved ATWS Mitigating
System Actuation Circuitry (AMSAC) satisfies this final ATWS rule. The basis for this rule
and the AMSAC design are supported by Westinghouse generic analyses documented in
Reference 1. These analyses were performed based on guidelines published in NUREG-0460
(1978) (Reference 2). The AMSAC system installed at Ginna is described in Section 7.2.6.
15.8.2

FREQUENCY OF EVENT

The ATWS core damage frequency used in SECY-83-293’s (Reference 6) assessment is a target
value of 1 x 10-5/yr with AMSAC. This value conservatively assumes that any overpressure
greater than the allowable ASME Boiler and Pressure Vessel Code value immediately results in
core damage. The target frequency is several orders of magnitude greater than the actual
ATWS contribution to core damage frequency determined in the Ginna Probabilistic Safety
Assessment (Reference 7).
15.8.3

EVENT ANALYSIS

Reference 1 describes the methods used in the analyses and provides reference analyses for 2loop, 3-loop, and 4-loop plant designs. For operation of Ginna at EPU conditions, the generic
analyses documented in Reference 1 were evaluated for their continued applicability.
15.8.3.1

Single Failures Assumed

An ATWS event occurs when the reactor trip function fails when required after an anticipated
operational occurrence (AOO). The functional failure can occur if RTS signals and actuation
logic fail in both trains, the shunt and undervoltage coils fail to open the trip breakers, or
multiple rod cluster control assemblies (RCCAs) fail to insert after the trip breakers open. The
functional failure is dominated by common mode failures of the trip breakers. (RTS breaker
reliability improvements, post-maintenance testing, and administrative programs related to
ATWS prevention at Ginna are addressed in Reference 3.)
15.8.3.2

Operator Actions Assumed

The following operator actions ensure successful mitigation of the broad range of ATWS
events:
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A. Manual scram within the first 60 seconds of the event if the RTS fails to automatically
scram. This action is a backup to the RTS’s failure to generate an automatic trip signal.
B. Manual rod insertion initiated within the first 60 seconds of the event. The operator starts
to drive in at least one bank of rod cluster control assemblies (RCCAs).
C. Initiating boration using the high-pressure safety injection pumps or the chemical and
volume control system (CVCS) within 10 minutes for long-term shutdown.
D. Tripping rod drive motor-generator sets or completing manual insertion of the RCCAs into
the core within 10 minutes for long-term shutdown.
E. Initiating containment isolation within 10 minutes.
Ginna emergency operating procedures (EOPs) instruct the operator to immediately trip the
buses feeding the rod drive motor-generator sets after failure of the control rods to insert.
Per Westinghouse Owners Group guidance, Ginna EOPs instruct the operator to manually
initiate containment ventilation isolation in response to an ATWS. This action isolates
containment ventilation to mitigate the dose consequences of pressure-increasing ATWS
events without causing non-ventilation systems which aid in the mitigation to be lost due to
containment isolation. The EOPs also direct verifying that safety injection is occurring if
plant conditions warrant a safety injection, thus causing containment isolation. These two
actions meet the intent of item E above (from Reference 1).
15.8.3.3

Chronological Description of Event

The ATWS event consists of an anticipated operational occurrence (AOO) requiring a reactor
trip. The reactor trip function is not performed. If main feedwater remains available, the
event is adequately mitigated when the operator performs long-term shutdown actions. If
main feedwater is lost, the scenario progresses through operator insertion of rods, AMSAC
start-up of auxiliary feedwater, pressure relief, and long-term shutdown.
15.8.3.4

Impact on Fission Product Barriers

Generic studies (Reference 1) performed for various ATWS events show that the DNBR
remains acceptable; therefore, the fuel cladding is expected to maintain its integrity as a
fission product barrier.
Successful mitigation of ATWS events limits reactor coolant system (RCS) pressures to less
than the allowable ASME Boiler and Pressure Vessel Code Level C service limit of 3200 psig
such that the integrity of the RCS pressure boundary is maintained. For ATWS pressure
transients exceeding ASME Level C criteria, the pressure boundary may fail.
The ATWS event will not result in a loss of containment integrity or isolation capability.
Pressurizer power operated relief valves (PORVs) and pressurizer safety valves open during
ATWS transients. The rupture disc on the pressurizer relief tank is expected to blow open, and
all further discharges through the valves will be released to containment. The mass and
energy releases for the reference ATWS analyses are much less than the main steam line
break or loss-of-coolant accidents. The containment pressures are well below the
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containment’s design basis (Reference 1). The containment maintains its integrity as a barrier
against the dispersion of fission products.
15.8.4

REACTOR CORE AND PLANT SYSTEM EVALUATION

The ATWS transients are grouped into those below and above 40% power. Below 40%
power, ATWS is readily mitigated by plant systems. Above 40% power, AMSAC is required.
For operation of Ginna at EPU conditions, the generic analyses documented in Reference 1
were evaluated for their continued applicability. The loss of normal feedwater and loss of
load ATWS events are the two most limiting RCS overpressure transients documented in the
Reference 1 generic analyses. The loss of load ATWS is analyzed for plants with steamdriven main feedwater pumps where, as a result of the initiating turbine-trip event, a loss of
condenser vacuum occurs with a consequential loss of main feedwater. For plants such as
Ginna, with electric motor-driven main feedwater pumps, a loss of feedwater does not occur
for a loss of load, making it a non-limiting event. Thus, only the loss of normal feedwater
event was evaluated for the EPU.
15.8.4.1

Input Parameters and Initial Conditions

The primary input to the loss of normal feedwater ATWS evaluation for the EPU is the
reference 2-loop ATWS model and analysis from Reference 1. The nominal and initial
conditions were updated to the EPU NSSS design parameters for 1817 MWt, and the steam
generator data was revised to reflect the Ginna BWI steam generator parameters and heat
transfer characteristics.
A. The plant is initially at full power with pressure and TAVG at nominal conditions.
B. The reactor is in automatic control before the ATWS; however, no credit is taken for
automatic rod insertion in response to increasing TAVG once the ATWS transient begins.
C. No credit is taken for automatic scram.
D. Pressurizer pressure control (pressurizer power operated relief valves (PORVs), heaters,
and spray) are assumed to operate normally. The pressurizer power operated relief valves
(PORVs) operate at 2350 psia.
E. The nominal setpoint for the pressurizer safety valves is 2500 psia. Three percent (3%)
pressure accumulation for steam relief and 10% accumulation for water relief are then
assumed for the safety valves during the transient.
F. A moderator temperature coefficient for hot full power of -5.5pcm/F is assumed. (This
assumes the coefficient is less than -5.5pcm/F for 95% of the cycle.)
G. AMSAC starts auxiliary feedwater flow within 60 seconds for ATWS transients where
main feedwater is lost.
H. AMSAC trips the turbine within 30 seconds if the transient does not cause the turbine to
trip.
I.

Normal control systems are operable unless made inoperable as the result of the postulated
event.
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J.

Automatic start-up of safety injection is not credited. Similarly, no credit is taken for
makeup to the reactor coolant system (RCS) from the chemical and volume control system
(CVCS) during the initial part of the ATWS event. Manual controls to start safety injection
and boration remain operable.

15.8.4.2

Methodology

The methodology described in Reference 1 was used for the Ginna EPU ATWS analysis. The
general approach was to demonstrate that the conclusions of the representative 2-loop plant
analyses presented in Reference 1 remain valid for the Ginna EPU conditions and BWI steam
generators. Compliance with the ATWS Rule is then demonstrated, as long as this analysis
results in peak RCS pressures less than the ASME Boiler and Vessel Code Level C service
stress criterion of 3200 psig.
As was done in Reference 1, the loss of normal feedwater ATWS event was analyzed using
the LOFTRAN code (Reference 4). The code simulates the neutron kinetics, thermalhydraulic conditions, a pressurizer, steam generators, reactor coolant pumps, and control and
protection systems. Section 15.0.7 provides an additional description of LOFTRAN and its
capabilities.
he NOTRUMP code (Reference 5) was used to determine the overall steam generator heat
transfer coefficient and the corresponding total liquid mass for the Ginna BWI steam
generator input to the LOFTRAN loss of normal feedwater ATWS analysis.
15.8.4.3

Acceptance Criteria

The acceptance criteria necessary to demonstrate compliance with the ATWS rule are:
A. The maximum RCS pressure must be less than 3200 psig. This limit is based on a
conservative bound for ASME Boiler and Pressure Vessel Code Level C service limits for
the reactor vessel and all components comprising the RCS. Exceeding this limit, and still
demonstrating compliance to the ATWS Rule, is permissible if criterion (B) is satisfied.
B. Activity release should result in calculated doses within the guidelines of 10 CFR 100
(References 1 and 2).
DNB is not considered since generic analyses established that DNBRs remain acceptable for
ATWS transients (Reference 1).
15.8.4.4

Results

The results of the ATWS evaluation for Ginna at EPU conditions with BWI steam generators
show that the peak RCS pressure obtained did not exceed the ASME Boiler and Vessel Code
Level C service stress criterion of 3200 psig. As such, the analytical basis for the final ATWS
rule continues to be met for operation of Ginna at EPU conditions with BWI steam
generators.
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15.8.5

RADIOLOGICAL EVALUATION

Reactor coolant fission and corrosion products can be discharged inside containment or
leaked from the primary to secondary side in the steam generators. In addition, iodine spiking
due to pre-existing plant conditions or caused by the transient can increase the amount of
radioiodine in the reactor coolant. Activity release paths include containment purge flow
before isolation, containment leakage after isolation, secondary side steam relief, and
Emergency Core Cooling System (ECCS) leakages. These effects were included in
radiological analyses of the reference ATWS plant (Reference 1). The analyses assumed
manual actuation of containment isolation at 10 minutes consistent with the assumption that
there are no automatic reactor trip and safety injection signals. Although ATWS events are
beyond design basis considerations, the analyses for the reference Westinghouse plant
demonstrate that the offsite doses are conservatively within 10 CFR 100 guidelines.
15.8.6

CONCLUSIONS

To remain consistent with the basis of the final ATWS rule and the supporting analyses
documented in Reference 1, the peak RCS pressure reached in the Ginna EPU ATWS
evaluation with BWI steam generators should not exceed the ASME Boiler and Pressure
Vessel Code Level C service limit stress criterion of 3200 psig. This value corresponds to
the maximum allowable pressure for the weakest component in the reactor pressure vessel
(the nozzle safe end).
The results of the ATWS evaluation for Ginna at EPU conditions with BWI steam generators
show that the peak RCS pressure is lower than the ASME Boiler and Pressure Vessel Code
Level C service limit stress criterion of 3200 psig. Therefore, the analytical basis for the final
ATWS rule continues to be met for operation of Ginna for the EPU with BWI steam generators.
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Figure 15.0-1 Core Limits and Overpower-Overtemperature Delta T Setpoints (Tref =
576.0°F)
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Figure 15.0-2 Reactivity Coefficients Used in Non-LOCA Safety Analysis
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Figure 15.0-3 Reactivity Insertion Scram Curves
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Figure 15.1-1 Feedwater Flow Increase at Full Power, Nuclear Power and Loop Average
Temperature Versus Time

Revision 27 11/2017

GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.1-2 Feedwater Flow Increase at Full Power, Pressurizer Pressure and Steam
Generator Pressure Versus Time
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Figure 15.1-3 Feedwater Flow Increase at Full Power, Steam Generator Mass Versus Time
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Figure 15.1-4 Steam Line Rupture, Multiplication Factor Versus Core Average Temperature
(Calculated at 1050 psia)
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Figure 15.1-5 Steam Line Rupture, Integrated Doppler Defect Versus Fraction of Power
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Figure 15.1-6 Steam Line Rupture, 1.4ft2 Break with Power, Two Loops in Service, Core Heat
Flux and Nuclear Power Versus Time
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Figure 15.1-7 Steam Line Rupture, 1.4ft2 Break with Power, Two Loops in Service, Pressurizer
Water Volume and Pressurizer Pressure Versus Time
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Figure 15.1-8 Steam Line Rupture, 1.4ft2 Break with Power, Two Loops in Service, Loop TAVG
and Cold Leg Loop Temperature Versus Time
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Figure 15.1-9 Steam Line Rupture, 1.4ft2 Break with Power, Two Loops in Service, Faulted
Loop Steam Flow and Total Feedwater Flow Versus Time
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Figure 15.1-10 Steam Line Rupture, 1.4ft2 Break with Power, Two Loops in Service, Core
Averaged Boron and Reactivity Versus Time
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Figure 15.1-11 Steam Line Rupture, 1.4ft2 Break Without Power, Two Loops in Service, Core
Heat Flux and Nuclear Power Versus Time
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Figure 15.1-12 Steam Line Rupture, 1.4ft2 Break Without Power, Two Loops in Service, Pressurizer Water Volume and Pressurizer Pressure Versus Time
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Figure 15.1-13 Steam Line Rupture, 1.4ft2 Break Without Power, Two Loops in Service, Loop
TAVG and Cold Leg Loop Temperatures Versus Time
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Figure 15.1-14 Steam Line Rupture, 1.4ft2 Break Without Power, Two Loops in Service, Faulted
Loop Steam Flow and Total Feedwater Flow Versus Time
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Figure 15.1-15 Steam Line Rupture, 1.4ft2 Break without Power, Two Loops in Service, Core
Averaged Boron and Reactivity Versus Time
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Figure 15.1-16 Steam Line Rupture, 1.4ft2 Break with Power, One Loop in Service, Core Heat
Flux and Nuclear Power Versus Time
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Figure 15.1-17 Steam Line Rupture, 1.4ft2 Break with Power, One Loop in Service, Pressurizer
Water Volume and Pressurizer Pressure Versus Time
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Figure 15.1-18 Steam Line Rupture, 1.4ft2 Break with Power, One Loop in Service, Loop TAVG
and Cold Leg Loop Temperatures Versus Time
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Figure 15.1-19 Steam Line Rupture, 1.4ft2 Break with Power, One Loop in Service, Faulted
Loop Steam Flow and Total Feedwater Flow Versus Time
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Figure 15.1-20 Steam Line Rupture, 1.4ft2 Break with Power, One Loop in Service, Core
Averaged Boron and Reactivity Versus Time
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Figure 15.1-21 Combined Atmospheric Relief Valve and Main Feedwater Regulating Valve
Failure, Nuclear Power and Core Heat Flux Versus Time
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Figure 15.1-22 Combined Atmospheric Relief Valve and Main Feedwater Regulating Valve
Failure, Loop Average Temperature and Pressurizer Pressure Versus Time
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Figure 15.1-23 Combined Atmospheric Relief Valve and Main Feedwater Regulating Valve
Failure, DNBR Versus Time
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Figure 15.1-24 Combined Atmospheric Relief Valve and Main Feedwater Regulating Valve
Failure, Steam Generator Level and Steam Generator Mass Versus Time
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Figure 15.2-1 Loss of Load, with Automatic Pressure Control, Nuclear Power and DNBR
Versus Time
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Figure 15.2-2 Loss of Load, with Automatic Pressure Control, RCS Average Temperature and
Pressurizer Water Volume Versus Time
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Figure 15.2-3 Loss of Load, with Automatic Pressure Control, Steam Generator Pressure and
Pressurizer Pressure Versus Time
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Figure 15.2-4 Loss of Load, Without Pressure Control, Nuclear Power Versus Time
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Figure 15.2-5 Loss of Load, Without Pressure Control, RCS Average Temperature and
Pressurizer Water Volume Versus Time
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Figure 15.2-6 Loss of Load, Without Pressure Control, Steam Generator Pressure and Reactor
Coolant System Pressures Versus Time
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Figure 15.2-7 Loss of Load, Peak MSS Pressure Case, Nuclear Power Versus Time
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Figure 15.2-8 Loss of Load, Peak MSS Pressure Case, RCS Average Temperature and
Pressurizer Water Volume Versus Time
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Figure 15.2-9 Loss of Load, Peak MSS Pressure Case, Steam Generator Pressure and
Pressurizer Pressure Versus Time
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Figure 15.2-10 Figure Deleted
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Figure 15.2-11 Figure Deleted
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Figure 15.2-12 Figure Deleted
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Figure 15.2-13 Loss of Offsite Alternating Current Power to the Station Auxiliaries, Nuclear
Power and Pressurizer Pressure Versus Time
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Figure 15.2-14 Loss of Offsite Alternating Current Power to the Station Auxiliaries, Pressurizer
Water Volume and Pressurizer Steam Relief Rate Versus Time
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Figure 15.2-15 Loss of Offsite Alternating Current Power to the Station Auxiliaries, Reactor
Coolant Flow and Core Inlet/Outlet Temperatures Versus Time
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Figure 15.2-16 Loss of Offsite Alternating Current Power to the Station Auxiliaries, Steam
Generator Mass and Steam Generator Pressure Versus Time
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Figure 15.2-17 Loss of Normal Feedwater With Power, Nuclear Power and Pressurizer
Pressure Versus Time
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Figure 15.2-18 Loss of Normal Feedwater With Power, Pressurizer Water Volume and
Pressurizer Steam Relief Rate Versus Time
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Figure 15.2-19 Loss of Normal Feedwater With Power, Reactor Coolant Flow and Core Inlet/
Outlet Temperatures Versus Time
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Figure 15.2-20 Loss of Normal Feedwater With Power, Steam Generator Mass and Steam
Generator Pressure Versus Time
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Figure 15.2-21 Feedline Break With Offsite Power; Nuclear Power and Pressurizer Pressure
Versus Time
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Figure 15.2-22 Feedline Break With Offsite Power; Pressurizer Water Volume and Pressurizer
Steam Relief Rate Versus Time
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Figure 15.2-23 Feedline Break With Offsite Power; Cold Leg, Hot Leg and Saturation
Temperatures Versus Time
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Figure 15.2-24 Feedline Break With Offsite Power; Steam Generator Mass and Steam
Generator Pressure Versus Time
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Figure 15.2-25 Feedline Break With Offsite Power; Feedwater Mass Flow Rates Versus Time
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Figure 15.2-26 Feedline Break Without Offsite Power; Nuclear Power and Pressurizer
Pressure Versus Time
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Figure 15.2-27 Feedline Break Without Offsite Power; Pressurizer Water Volume and
Pressurizer Steam Relief Rate Versus Time
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Figure 15.2-28 Feedline Break Without Offsite Power; Cold Leg, Hot Leg and Saturation
Temperatures Versus Time
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Figure 15.2-29 Feedline Break Without Offsite Power; Steam Generator Mass and Steam
Generator Pressure Versus Time
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Figure 15.2-30 Feedline Break Without Offsite Power; Feedwater Mass Flow Rates Versus
Time
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Figure 15.3-1 Full Loss of Flow (Undervoltage), Nuclear Power and RCS Flow Versus Time
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Figure 15.3-1a Full Loss of Flow (Underfrequency), Nuclear Power and RCS Flow Versus Time
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Figure 15.3-2 Full Loss of Flow (Undervoltage), Core Average and Hot Channel Heat Flux
Versus Time

Revision 27 11/2017

GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.3-2a Full Loss of Flow (Underfrequency), Core Average and Hot Channel Heat Flux
Versus Time
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Figure 15.3-3 Full Loss of Flow (Undervoltage), RCS Pressures and DNBR Versus Time
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Figure 15.3-3a Full Loss of Flow (Underfrequency), DNBR and Reactor Coolant System
Pressures Versus Time
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Figure 15.3-4 Partial Loss of Flow, Nuclear Power and RCS Flow Versus Time
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Figure 15.3-5 Partial Loss of Flow, RCS Pressures and RCS Loop Flows Versus Time
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Figure 15.3-6 Partial Loss of Flow, Core Average and Hot Channel Heat Flux Versus Time
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Figure 15.3-7 Partial Loss of Flow, DNBR Versus Time
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Figure 15.3-8 Locked Rotor, RCS Pressures and RCS Loop Flows Versus Time
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Figure 15.3-9 Locked Rotor, Nuclear Power and RCS Flow Versus Time
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Figure 15.3-10 Locked Rotor, Core Average Heat Flux and Cladding Inside Temperature Versus
Time
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Figure 15.4-1 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal From Subcritical
Conditions, Heat Flux and Nuclear Power Versus Time (422V+Fuel)
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Figure 15.4-2 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal From Subcritical
Conditions, Clad Inside and Fuel Average Temperature
Versus Time (422V+Fuel)
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Figure 15.4-3 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power,
Minimum Feedback, 100 pcm/sec, Nuclear Power and Heat Flux Versus Time
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Figure 15.4-4 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power,
Minimum Feedback, 100 pcm/sec, Pressurizer Pressure and Pressurizer
Water Volume Versus Time
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Figure 15.4-5 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power,
Minimum Feedback, 100 pcm/sec, Tavg and DNBR Versus Time
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Figure 15.4-6 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power,
Maximum Feedback, 5 pcm/sec, Nuclear Power and Heat Flux Versus Time
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Figure 15.4-7 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power,
Maximum Feedback, 5 pcm/sec, Pressurizer Water Volume and Pressurizer
Pressure Versus Time
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Figure 15.4-8 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power,
Maximum Feedback, 5 pcm/sec, TAVG and DNBR Versus Time
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Figure 15.4-9 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power,
Maximum and Maximum Feedback, DNBR Versus Reactivity Insertion Rate
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Figure 15.4-10 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal from 60% Power,
Minimum and Maximum Feedback, DNBR Versus Reactivity Insertion Rate
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Figure 15.4-11 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal from 10% Power,
Minimum and Maximum Feedback, DNBR Versus Reactivity Insertion Rate
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Figure 15.4-12 Startup of an Inactive Coolant Loop, Nuclear Power Versus Time
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Figure 15.4-13 Startup of an Inactive Coolant Loop, TAVG Versus Time
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Figure 15.4-14 Startup of an Inactive Coolant Loop, Core Inlet Temperature Versus Time

Revision 27 11/2017

GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.4-15 Startup of an Inactive Coolant Loop, Pressurizer Pressure Versus Time
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Figure 15.4-16 Rod Cluster Control Assembly Ejection Beginning-of-Life, Full Power, Fuel and
Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-16aRod Cluster Control Assembly Ejection, Beginning of Life, Full Power, Fuel
and Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-16b Rod Cluster Control Assembly Ejection, Beginning of Life, Zero Power, Fuel
and Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-17 Rod Cluster Control Assembly Ejection Beginning-of-Life, Zero Power, Fuel
and Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-17a Rod Cluster Control Assembly Ejection, End of Life, Full Power, Fuel and Clad
Temperature and Nuclear Power Versus Time
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Figure 15.4-17b Rod Cluster Control Assembly Ejection, End of Life, Zero Power, Fuel and
Clad Temperature and Nuclear Power Versus Time
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Figure 15.4-18 Rod Cluster Control Assembly Drop Heat Flux and Nuclear Power Versus Time
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Figure 15.4-19 Rod Cluster Control Assembly Drop Pressurizer Pressure and Core Average
Temperature Versus Time
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Figure 15.6-1 Steam Generator Tube Rupture (Overfill), Maximum Safety Injection Flow
Versus Pressure
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Figure 15.6-1a RCS Depressurization, Nuclear Power Versus Time
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Figure 15.6-1b RCS Pressurization, Pressurizer Pressure Versus Time
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Figure 15.6-1c RCS Depressurization, Indicated Loop Average Temperature Versus Time
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Figure 15.6-1d RCS Depressurization, DNBR Versus Time
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Figure 15.6-2 SGTR (Overfill), Pressurizer Level and Pressurizer Pressure Versus Time
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Figure 15.6-3 SGTR (Overfill), Secondary Pressure and Steam Generator Liquid Mass Versus
Time
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Figure 15.6-4 SGTR (Overfill), Hot and Cold Leg Temperatures for Intact and Ruptured Steam
Generators Versus Time
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Figure 15.6-5 SGTR (Overfill), Total Primary to Secondary Leakage and Total Integrated
Primary to Secondary Leakage Versus Time
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Figure 15.6-6 SGTR (Overfill), Steam Generator Relief Flow and Integrated Steam Generator
Relief Flow Versus Time
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Figure 15.6-7 SGTR (Overfill), Steam Generator Water Volume Versus Time
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Figure 15.6-8 SGTR (Dose), Pressurizer Level and Pressurizer Pressure Versus Time
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Figure 15.6-9 SGTR (Dose), Secondary Pressure and Steam Generator Liquid Mass Versus
Time
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Figure 15.6-10 SGTR (Dose), Hot and Cold Leg Temperatures for Intact and Ruptured Steam
Generators Versus Time
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Figure 15.6-11 SGTR (Dose), Total Primary to Secondary Leakage and Total Integrated
Primary to Secondary Leakage Versus Time
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Figure 15.6-12 SGTR (Dose), Steam Generator Relief Flow and Integrated Steam Generator
Relief Flow Versus Time
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Figure 15.6-13 SGTR (Dose), Steam Generator Water Volume Versus Time
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Figure 15.6-14 SGTR (Dose), Tube Rupture Flow Flashing Fraction and Integrated Flashed
Break Versus Time
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Figure 15.6-15 Small Break LOCA - 2-Inch Break, Pressurizer Pressure Versus Time
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Figure 15.6-16 Small Break LOCA - 2-Inch Break, Core Mixture Level Versus Time
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Figure 15.6-17 Small Break LOCA - 2-Inch High Break, Peak Cladding Temperature at PCT
Elevation Versus Time
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Figure 15.6-18 Small Break LOCA - 2-Inch High Break, Core Exit Vapor Flow Versus Time

Revision 27 11/2017

GINNA/UFSAR
Chapter 15 ACCIDENT ANALYSES

Figure 15.6-19 Small Break LOCA - 2-Inch Break, Hot Rod Heat Transfer Coefficient at PCT
Elevation Versus Time
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Figure 15.6-20 Small Break LOCA - 2-Inch Break, Fluid Temperature at PCT Elevation Versus
Time
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Figure 15.6-21 Small Break LOCA - Axial Power Distribution, Heat Rate Versus Core
Elavation
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Figure 15.6-22 Small Break LOCA - 1.5-Inch Break, Pressurizer Pressure Versus Time
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Figure 15.6-23 Small Break LOCA - 3-Inch High Break, Pressurizer Pressure Versus Time
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Figure 15.6-24 Small Break LOCA - 1.5-Inch Break, Core Mixture Level Versus Time
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Figure 15.6-25 Small Break LOCA - 3-Inch Break, Core Mixture Level Versus Time
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Figure 15.6-26 Small Break LOCA - 1.5-Inch Break, Peal Cladding Temperature at PCT
Elavation Versus Time
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Figure 15.6-27 Small Break LOCA - 3-Inch Break, Peak Cladding Temperature at PCT
Elevation Versus Time
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Figure 15.6-28 Figure Deleted
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Figure 15.6-29 Figure Deleted
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Figure 15.6-30 Figure Deleted
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Figure 15.6-31 R.E. Ginna Vessel Model Noding Diagram1
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Figure 15.6-32 R.E. Ginna Loop Model Noding Diagram
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Figure 15.6-33 R.E. Ginna Initial Transient Axial Power Distributions
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Figure 15.6-34 Containment Pressure Used for the R.E. Ginna Best-Estimate Large Break
LOCA Initial Transient
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Figure 15.6-35 Peak Clad Temperature of the 5 rods for the Initial Transient
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Figure 15.6-36 Split Break Flow for the Initial Transient
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Figure 15.6-37 Total Flow at the Bottom of the Core for the Initial Transient
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Figure 15.6-38 Accumulator Injection Flow for the Initial Transient
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Figure 15.6-39 High Head Safety Injection Flow for the Initial Transient
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Figure 15.6-40 Low Head Safety Injection Flow for the Initial Transient
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Figure 15.6-41 Average Collapsed Liquid Level in the Downcomer for the Initial Transient
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Figure 15.6-42 Lower Plenum Collapsed Liquid Level for the Initial Transient
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Figure 15.6-43 Core Collapsed Liquid Levels for the Initial Transient
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Figure 15.6-44 Vessel Liquid Mass for the Initial Transient
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Figure 15.6-45 Pressurizer Pressure for the Initial Transient
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Figure 15.6-46 Hot Rod Peak Clad Temperature and Elevation for the Initial Transient
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Figure 15.6-47 R.E. Ginna PBOT/PMID Analysis and Operating Limits
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Figure 15.6-48 Lower Bound Containment Pressure for R.E. Ginna Analysis

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 17 QUALITY ASSURANCE

17

QUALITY ASSURANCE

Page 1 of 18

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 17 QUALITY ASSURANCE

17.1
17.1.1

QUALITY ASSURANCE DURING DESIGN AND
CONSTRUCTION
ORGANIZATION

There were four principal organizations active during design and construction in the area of
quality assurance to ensure the safety and integrity of the completed plant: RG&E, the
applicant-owner; Westinghouse Electric Corporation (Westinghouse), the prime contractor;
Gilbert Associates, Inc., the architect-engineer and subcontractor to Westinghouse; and the
Bechtel Corporation as constructor and subcontractor to Westinghouse. The direct activities
of each organization were in turn supplemented by the quality control activities of other
organizations, either in the form of specific subcontracts for this purpose or as a part of their
responsibility as a supplier of material or equipment, conforming to specifications. Where
one of these organizations did not have the first-line quality control responsibility, a
surveillance (auditing and monitoring) function was performed by the contractor in any
contractor-subcontractor relationship.
Westinghouse had the prime responsibility to provide all material and equipment for all
construction. This responsibility was in turn dispatched through various channels.
Westinghouse was the direct supplier of some equipment while in other cases it was supplied
by way of purchase from other manufacturers. All of the construction materials and the
remainder of the equipment were purchased by either Bechtel or Gilbert Associates. The
organization and quality control relationships among these organizations are shown in Figure
17.1-1. The scope and nature of the quality assurance functions of each of these three
participants and their relationships to one another are discussed in Sections 17.1.2 and
17.1.3.
17.1.2
17.1.2.1

QUALITY ASSURANCE PROGRAM
General

The quality assurance program for the Ginna project was comprehensive and covered all
phases of construction both offsite and onsite. Included were all areas of activity that had
influences on plant integrity, including design (drawings and specifications), manufacture and
field erection and installation, and all related activities such as cleanliness control, shipment,
and storage.
The program placed special emphasis on the reactor coolant and safety systems, the
containment, and the other components necessary for the safety of the nuclear portion of the
plant. The description that follows delineates the quality assurance organization and
procedures but does not repeat the design and specification requirements set forth in the
respective system descriptions.
17.1.2.2

Rochester Gas and Electric Corporation

The Rochester Gas and Electric Corporation, from the outset of the R. E. Ginna Project,
contributed to quality assurance by continuously examining the plant design, by inspecting
major components as they were fabricated, by selecting RG&E personnel with extensive
experience and proficiency in specific areas, and by obtaining the counsel of consultants in
specialized areas to advise and support RG&E.
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For inspection of construction, the RG&E organization consisted of people skilled in
mechanical, electrical, civil, instrumentation, piping, and millwright work. They were
supplemented when needed by RG&E specialists in welding, radiography, water treatment,
and surveying. These people were all directed by the Project Engineer and/or their assistants.
In most cases, the lead inspector in each area of work had extensive foreman experience and
was to remain in their respective area at the R. E. Ginna plant upon completion of
construction.
Upon completion of the plant, records pertaining to quality control and testing during
construction were originally intended to become the property of RG&E. However, some
records are instead being retained by Westinghouse. These records, or reproductions of them,
will be retained for the life of the plant.
Rochester Gas and Electric Corporation field inspectors examined equipment and construction
for cleanliness, workmanship, maintainability, and operability. The primary purpose,
however, of the RG&E inspection was to independently audit and monitor the quality control
program established by the prime contractor, Westinghouse. In addition, the Project Engineer
had the authority to stop work in any area that was considered to be a problem and could
therefore affect the adequacy or safety of the plant.
Rochester Gas and Electric Corporation personnel both from the field organization and from
the operations supervisory group took part in the inspection of components in the fabrication
shops.
For review of the quality control program related to the primary system, RG&E retained
Southwest Research Institute, thus providing an independent quality assurance program. This
review included all primary system components including those manufactured by
Westinghouse. Southwest Research Institute made visits to fabrication shops as an RG&E
agent, and reviewed radiographs, ultrasonic tests, etc. They also examined physical and
chemical certificates as to compliance with specifications and standards. Written reports of all
Southwest Research Institute surveillance visits were forwarded to both RG&E and
Westinghouse.
A compilation of the location and a description of all the quality control and inspection
records for the primary system has been assembled.
Each system and its components were evaluated by an acceptance test that was written
cooperatively by RG&E and Westinghouse personnel. Each acceptance test and the
acceptance of the data from the test as satisfactory had to be approved by both the RG&E
project manager and plant supervisor before a system was accepted by RG&E. Not until
formal acceptance testing was satisfactorily completed was the plant fully accepted by
RG&E.
17.1.2.3
17.1.2.3.1

Westinghouse
General

In the capacity of prime contractor, Westinghouse was responsible for providing all material
and equipment and for all construction. In discharging this responsibility, Westinghouse
recognized the importance of quality assurance throughout all stages of design, fabrication,
and construction, and accordingly maintained a comprehensive overall quality control
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program. This program ensured that design, engineering, materials, and workmanship
employed in the fabrication and construction of the facility met safety, operability,
maintainability, and reliability objectives previously established. Particular emphasis was
placed on the nuclear steam supply system and other critical features.
Records and documentation pertinent to the required quality of materials, workmanship, and
testing were maintained by the Westinghouse Quality Control and Reliability Section.
17.1.2.3.2

Westinghouse Organization

The organization chart for Westinghouse relating to quality control is shown in Figure 17.1-1.
Component design and quality control groups had the responsibility for ensuring offsite
quality control, i.e., up to and including component fabrication and dispatching for shipment.
The Manager of Quality Control and Reliability was responsible for establishing and
implementing the overall quality control program through three specialized quality control
units each headed by its own manager. There were two mechanical quality control groups:
one was responsible for vessels and tanks and the other was responsible for the balance of the
mechanical equipment. There was also a quality control group for all electrical
instrumentation and control equipment. There were senior quality control engineers in each
unit who had expertise in specific categories of equipment and who carried out the quality
control engineering planning. These engineers, supplemented by the efforts of quality
control representatives, also conducted surveillance of the suppliers.
The Nuclear Power Service group had the responsibility for ensuring onsite quality control,
i.e., from receiving all equipment and materials onsite, through erection, to plant startup.
All of the groups were staffed by capable and experienced engineers who collectively
provided the experience and effort to implement the overall quality control plan to ensure
the quality of the finished plant.
17.1.2.3.3

Components Supplied By Westinghouse

All major components were supplied by Westinghouse, either directly through the
Westinghouse equipment manufacturing division or by way of purchase from other
manufacturers.
There were four stages in the quality control program during component fabrication to ensure
the required degree of quality of the finished product. They were as follows:
A. Supplier evaluation.
B. Equipment specifications.
C. Purchase order review.
D. Supplier surveillance during fabrication.
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17.1.2.3.4

Supplier Evaluation

An evaluation of prospective suppliers was conducted prior to award of a contract for
important components. This evaluation established that the supplier had acceptable design,
manufacturing, and quality control capability. Elements considered in conducting the
evaluation included:
•

Previous experience with the supplier.

•

Physical plant facilities.

•

Quality control program.

•

Personnel qualifications.

•

Material control and inspection.

•

In-process inspection.

•

Assembly and test capability.

•

Tool and gage control.

•

Special processes required.

•

Nondestructive testing.

•

Inspection and test equipment.

Responsibility for this evaluation was a function of the quality control groups.
17.1.2.3.5

Equipment Specifications

Individual equipment specifications covered all aspects of equipment design, manufacture,
inspection, and testing. For Seismic Category I components, such as those in the reactor
coolant system, a specification that defined the supplier's quality control requirements was
made a part of each purchase order. Specific requirements included:
•

Drawings and change procedures.

•

Procedures and revisions covering welding, heat treating, and other process control
documents.

•

Inspection plans covering contracted and subcontracted work.

•

Identification and disposal of nonconforming material or components.

•

Quality control records.

•

Material control.

These requirements were similar to those of Appendix IX to Section III of the ASME Boiler
and Pressure Vessel Code.
Responsibility for ensuring conformity with these requirements was a function of the quality
control group.
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17.1.2.3.6

Purchase Order Review

Purchase orders, including the applicable drawings, welding specifications, nondestructive
test procedures and other process control documents required to manufacture, inspect, and test
the equipment were reviewed by Westinghouse engineering and material personnel to make
sure they included all contract requirements, met applicable codes and quality control
requirements, and were compatible with the supplier's capabilities. In cases where existing
inspection techniques were found to be inadequate to ensure requisite quality, discussions
were held with the engineers concerned, and the necessary adjustments were made. This
procedure was applied to all types of material and components and provided the means for
maintaining surveillance over the quality of procurements.
17.1.2.3.7

Supplier Surveillance

The design engineer/quality control engineer team developed specific quality control plans
that detailed the inspections, surveillance, and record verification that Westinghouse quality
control personnel performed in suppliers' plants. They covered the entire cycle from purchase
order placement through manufacture, inspection, and test. These plans were developed as
follows.
The many requirements of the equipment specification and its referenced specifications that
establish the quality of equipment were listed in a Quality Requirements Summary for each
category of equipment. This served as a working tool from which the Westinghouse quality
control plan was developed. This quality control plan was the action plan which detailed the
inspection and surveillance done by Westinghouse quality control engineers and field
representatives in the suppliers' shops. It covered the auditing of the suppliers' quality control
organizations, systems, and procedures; surveillance of key shop operations such as welding,
nondestructive testing, and production testing; specific inspections such as radiographic,
ultrasonic; material test reports; key dimensions; and other important requirements.
The design engineer also visited the suppliers' plants periodically and monitored overall
compliance with specification requirements. Particular emphasis was placed on inspections of
the first units of fabricated new designs and from new suppliers.
Through the Westinghouse visits to the suppliers' plants, the suppliers' quality control system,
in-process work, testing, and records were evaluated to ensure that they met contract
requirements. The extent of surveillance performed in a supplier's facility depended on the
complexity of the component, the supplier's past performance, the observed effectiveness of
the supplier's own quality control procedures, the relative importance with respect to safety of
the component being fabricated, and whether the component was of an established or new
design. The quality control plan emphasized the basic responsibility of the supplier to have
systems and procedures to meet the requirements of the specifications and drawings and to
control the quality of their product. The supplier was required to inspect and test their
products and to furnish objective evidence that control requirements had been met. Direct
evidence of performance was obtained by audits of critical areas by Westinghouse quality
control representatives. For example, close attention was given to welder qualification to
ASME Code, nondestructive testing records of both supplier and subvendor, and records of
heat treating.
The Westinghouse auditing of in-process control was aimed at minimizing or preventing
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defects or errors during fabrication. In the case of the reactor vessel, Westinghouse had a fulltime resident inspector at the manufacturing facility.
Each supplier was required to inspect and test their products and to furnish evidence that all
requirements of the contract had been met. This evidence included proof of (1) conformance
to specifications for raw materials and those manufacturing steps through which they had
passed, (2) the acceptability of manufactured and purchased items, and (3) the accuracy of all
test equipment used in evaluating product quality. Westinghouse quality control engineers
and representatives reviewed the supplier's quality control procedures and recordkeeping for
conformance to Westinghouse requirements. Critical examination was made of the supplier's
quality control records, reports, and inspection certificates gathered during production.
Direct evidence of conformance was obtained by auditing of samples of the supplier's product
inspection.
In this manner, Westinghouse determined whether or not a supplier had met the specified
requirements through the use of objective evidence which was obtained by or from the
supplier, and then verified and evaluated by Westinghouse inspection engineers.
17.1.2.3.8

Instrumentation and Control Equipment

Instrumentation and control equipment, such as relay racks, circuit breakers, inverters, analog
protection racks, and sensors were available from qualified suppliers who had previously
provided equipment to Westinghouse for nuclear plant application. For equipment of this
type, Westinghouse quality surveillance consisted of preproduction inspection of component
parts, and inspection during manufacture, assembly, and testing. Where required,
Westinghouse technical personnel assisted the manufacturers in specific problem areas and
worked with their engineers on detailed design, as well as ensuring that design requirements,
such as the Proposed IEEE Standard 279 - "Criteria for Protection Systems for Nuclear
Power Plants," were being followed.
In general, production testing was performed per manufacturers' standard test procedures.
Where considered necessary, these procedures were augmented by Westinghouse-furnished
procedures. As applicable to the specific equipment, production unit testing was performed
to determine such things as:
•

Compliance with engineering specifications.

•

Proper operation.

•

Susceptibility to noise.

•

Compliance with voltage and frequency specifications.

•

Ability to align and calibrate.

•

Stability.

•

Time response.

In addition to Westinghouse coverage of production and verification tests, coverage was also
provided by RG&E and Gilbert Associates, Inc., as in the case of loading and operational
testing of the emergency diesel generators.
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Advances in technology associated with some systems' designs resulted in developmental
work that required closer supervision and assistance from Westinghouse Nuclear Energy
Systems Division technical personnel. This included such systems as rod control.
These changes in technology brought about new concepts and new component design that
improved the reliability and operation of the systems. Qualified suppliers were selected to
develop detail designs and breadboard models for evaluation and testing. This developmental
work was essentially under constant surveillance of Westinghouse Nuclear Energy Systems
Division technical personnel. Complete preproduction testing under the direction of
Westinghouse Nuclear Energy Systems Division was performed in accordance with approved
test procedures to verify the design in such areas as:
•

Operating characteristics and compliance with specifications and standards.

•

Time response.

•

Linearity.

•

Accuracy.

•

Noise susceptibility.

•

Reliability.

•

Compatibility with other systems.

•

Endurance under prolonged operating conditions.

After completion of manufacturing tests and acceptance by Westinghouse, the equipment
designated for installation in the plant received a complete inspection prior to shipment to the
plant site. Following receipt at the site, it received a receipt inspection and was placed in
controlled storage until ready for installation in the plant, or was immediately installed in the
plant. All equipment received at the plant came under the surveillance and overall control of
onsite Westinghouse technical personnel.
17.1.2.3.9

Shipment of Components

The detailed requirements for preparing equipment for shipment were included in the
equipment specifications. These included sealing of all openings, protection of nozzle
preparations, the use of desiccants if required, etc. Where required, the suppliers submitted
detailed plans for review and approval.
The reactor vessel supplier provided a cover and seal system to protect all internal surfaces
and external stainless steel and machined surfaces from exposure to ambient environments
during shipment, storage at the site, and installation. The protective means consisted of
pressurized inert gas with covers.
For the reactor internals, the lower assembly was shipped on an up-ending skid, shockmounted to limit loads transmitted to the assembly during shipment. Prior to installation onto
the skid, the lower internals were wrapped in a plastic film and sealed. Internal bracing was
used inside the assembly. The upper internal assembly was shipped in a shock-mounted,
dual-purpose shipping assembly stand in the vertical position. This package was also

Page 8 of 18

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 17 QUALITY ASSURANCE

wrapped and sealed in a plastic film. Both the skid and the stand had a protective metal
covering to provide weather protection and long-term storage protection at the site.
All other components had protection, as required, against mechanical or environmental
damage during shipment and/or site storage.
17.1.2.3.10 Inspection and Installation of Equipment in the Field
For components and equipment supplied by Westinghouse or its subcontractors,
specifications were prepared not only for design manufacturing, cleanliness requirements and
shipment, but also specifications and procedures were provided for onsite storage, erection,
quality control, and testing.
During component installation, Westinghouse Nuclear Power Services provided a capable and
experienced group of specialists to monitor all construction-related activities on the nuclear
steam supply system, engineered safeguards, and Seismic Category I structures. This
group was staffed to provide coverage in all phases of construction such as welding,
mechanical erection, electrical systems, and instrumentation and control, installation, and
startup.
The primary responsibility of this staff was to ensure proper erection of the nuclear steam
supply system, engineered safeguards, and critical structures as outlined by Westinghouse
specifications and procedures. This surveillance included visits to selected shops of suppliers
and to the architect-engineer and constructor to ensure that established procedures of
inspection and documentation were properly followed. Secondary functions of this staff were
to provide technical direction and assistance to the constructor during critical operations and
to ensure that adequate documentation was being maintained.
The Nuclear Power Services staff was augmented by a headquarters-assigned quality
assurance group. This group, staffed by specialists experienced in various fields such as
mechanical, civil, electrical, and shop manufacturing, provided additional backup for the
onsite staff. Numerous functions were assigned to this group and included construction site
audits, non-Westinghouse vendor surveillance, follow-up on critical operations or problems,
and maintenance of a field reliability program for disposition of deficient material or
operations.
During the frequent site audits by the headquarters quality assurance staff, particular attention
was directed toward critical work and those procedures which could seriously affect the safe
operation of the plant. Although critical operations were of utmost importance, the group
attempted to survey all construction activities. Typical audits included review of concrete
inspection activities and surveillance of concrete placement operations, reinforcing steel
users' tests, tendon installation, soil compaction, containment liner erection and testing,
receiving inspection, storage operations, welding operations, equipment installation, site
testing, and review of quality control files for adequacy.
The site reliability program was a method by which deficiencies were reported on Field
Deficiency Reports and transmitted back to headquarters for disposition. The reports were
transmitted to cognizant engineering personnel for their review and decisions. Instructions for
corrective action were entered on the same form and sent back to field personnel. Field
Deficiency Reports were then closed out. In addition to providing a controlled method for
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correcting deficiencies, the program also served to alert other field personnel and prevent
reoccurring deficiencies.
Another function performed by the headquarters quality assurance group was to provide
vendor surveillance on non-Westinghouse purchased equipment. Various suppliers were
audited during construction, and visits varied from brief evaluation visits (piping supplier) to
residency for one particular operation (reactor cooling pads and reactor support pedestals).
17.1.2.3.11 Nonconforming Components or Material
All nonconforming components or material, whether discovered at a supplier's facility or at
the construction site, were documented, reviewed, and disposed of as follows: All details
pertinent to the nonconformity were shown on applicable forms. In all cases, the
nonconforming component or material was positively identified and separated from
acceptable items or items awaiting inspection. All cases of nonconforming components or
material were reviewed by Westinghouse design and quality control engineers for resolution.
Westinghouse's management was kept informed of all cases of major importance with
recommendations for proper disposition.
17.1.2.3.12 Quality Control Records
A complete set of quality control records was maintained for each component by its
manufacturer and/or purchaser and preserved for Westinghouse. These records included
certified test reports, letters of compliance, product inspection reports, nondestructive test
reports, and reports of nonconforming material. Records of personnel, procedures, and
equipment qualifications were also maintained as required by Westinghouse's specifications.
Records for the components were transmitted periodically to Westinghouse so that all
required data would be available for the completed plant.
17.1.2.4

Gilbert Associates, Inc.

Gilbert Associates, Inc., was the architect-engineer for the plant and, as such, acted as
subcontractor to Westinghouse.
In the areas of the nuclear plant, especially as related to safeguards, the scope of work lay
primarily in the design and field monitoring of the containment. A comprehensive
description of the responsibility for this aspect of the work is included in Section 17.1.3. As
stated in Section 17.1.3, Westinghouse as prime contractor was fully responsible for all
aspects of quality control including plant design, construction, materials, workmanship, and
performance. Due to this requirement, Westinghouse reviewed, commented upon, and
approved all drawings and specifications prior to issue for construction and/or purchase.
Gilbert Associates, during the course of the work for Westinghouse, performed the following
additional tasks:
A. Included in the specifications and drawings the quality and capability required in the end
product, be it work, equipment, or materials. Special precautions and procedures together
with applicable codes, if in existence, were clearly identified.
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B. Requested in the specifications detailed procedures on the execution of the work outlined in
the specifications and drawings. Procedures received from Westinghouse or Gilbert
Associates' vendors were reviewed for adequacy against the requirements of the
specifications.
C. Upon request, interpreted drawings and intent of design and adjusted design to field
conditions.
D. Accumulated required test certificates and forwarded same to Westinghouse.
E. Received from Westinghouse results of tests performed by the testing agency (Pittsburgh
Testing Laboratory) and reviewed test results on concrete (including ingredients) and rebar
splices. Material test reports received from Westinghouse and from vendors in those
limited areas where Gilbert Associates had purchasing responsibility were reviewed for
adequacy against the requirements of the specifications.
F. Witnessed shop running tests to ensure performance requirements of equipment.
17.1.2.5
17.1.2.5.1

Bechtel Corporation
General

As constructor, Bechtel Corporation was responsible for the quality of the work performed in
the field and the quality of materials and equipment procured by Bechtel for field use. The
scope of this responsibility included quality of work performed by both Bechtel and
subcontractor field forces. The quality control program in the field was broken into three
categories as follows:
I.

Material certification.

II. Field surveillance.
III. Documentation.
To carry out this program, Bechtel maintained a field engineering organization answering
directly to the Project Superintendent and working with the construction supervision
organization (Figure 17.1-1). This field engineering organization reviewed construction
work, installation work, and planning to ensure conformance with technical requirements as
outlined in the engineering plans and specifications and maintained an engineering file that
documented technical data and special items of work.
The following sections present a review of some of the specific areas and the nature of
Bechtel's quality control activities.
17.1.2.5.2

Material Certification

Material purchases by Bechtel were initiated by the department senior engineer (mechanical,
electrical, civil) who was responsible for ensuring that proper material certification was
specified to the vendor. The material certificates (physical analysis, chemical analysis,
conformance, etc.) were received by the Bechtel field purchasing department and submitted
to the appropriate senior engineer who reviewed them for acceptability. Copies of the
certifications were retained in the field technical files and also forwarded to Gilbert
Associates and Westinghouse for approval.
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17.1.2.5.3

Backfill

Westinghouse Atomic Power Division retained the services of Pittsburgh Testing Laboratory
to observe, test, and report on backfilling operations. Pittsburgh Testing Laboratory
submitted the following reports for review by the Bechtel senior civil engineer and the
Gilbert field engineer:
A. Moisture-density relationship of soil.
B. Report of in-place soil density tests.
17.1.2.5.4

Containment Liner

The containment liner was erected by the Chicago Bridge and Iron Company under
subcontract to Bechtel. There was a full-time Chicago Bridge and Iron Company quality
control engineer onsite during major phases of work carried out by Chicago Bridge and Iron
Company. The Quality Control Engineer was responsible for visual inspection of fit-up and
welding, and performing the required nondestructive tests.
Chicago Bridge and Iron Company operations were monitored by the Bechtel quality control
engineer and the Gilbert field engineer.
17.1.2.5.5

Piping

Pipe welding procedure and performance qualifications were administered by the Bechtel
welding engineer. The Engineer maintained the required records. The testing and records
were reviewed by the Westinghouse Nuclear Power Services welding engineer.
A log of production welds was maintained by the Bechtel welding engineer. A Daily
Inspection Record-Critical Pipe Joint Welding was also maintained by the Bechtel welding
engineer.
Production welds were inspected visually, with liquid penetrant, and by radiography. The
penetrant test was witnessed by the welder's foreman and checked on a sample basis by the
Bechtel welding engineer and the Westinghouse Nuclear Power Services welding engineer.
Bechtel retained the services of Pittsburgh Testing Laboratory to radiograph and interpret
radiographs. Radiography was performed on a sample basis. Radiographs deemed
acceptable by the Bechtel welding engineer were submitted to the Westinghouse Nuclear
Power Services welding engineer for final acceptance.
17.1.2.5.6

Stainless Steel Liners

Welding procedure and performance qualifications, production welding, and testing of
completed welds were carried out under the surveillance of the Bechtel quality control
engineer.
17.1.2.5.7

Containment Tendons

Containment tendons were installed by Joseph T. Ryerson & Son, Inc. and their
subcontractors in accordance with approved procedures as modified by field requirements
(such modifications were subject to approval).
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The installation of tendons was monitored by the Bechtel quality control engineer, the Gilbert
field engineer, and in part, by the Westinghouse Atomic Power Division assistant resident
engineer.
17.1.2.5.8

Reinforcing Bar and Cadwelds

Mill test reports of reinforcing bar were handled as outlined in Section 17.1.2.5.2. Bechtel
retained the services of Pittsburgh Testing Laboratory to perform and report on user's tensile
tests on representative randomly selected samples of reinforcing bar stocked at the site. The
random selections of samples to be tested were made by the Bechtel senior civil engineer.
17.1.2.5.9

Machinery Setting and Alignment

Bechtel millwrights recorded alignment data during initial machinery alignment. This data
was maintained in Bechtel files. Machinery was not coupled at initial alignment.
Immediately prior to startup, alignment was rechecked and data recorded; vibrometer readings
were taken on driver and driven elements.
17.1.2.5.10 Concrete
Placement of concrete was carried out under the supervision of a Bechtel engineer who was
responsible for variations in the water/cement ratio, within the limitations of the
specifications. The Engineer was responsible for the acceptance or rejection of the concrete
prior to placement.
Westinghouse Atomic Power Division retained the services of Pittsburgh Testing Laboratory
for concrete quality control.
Pittsburgh Testing Laboratory monitored and reported on the following:
•

Cement chemical analyses.

•

Cement physical analyses.

•

Water analyses: pH, total solids, chlorides, sulfates.

•

Sand sieve analyses.

•

Concrete mix design.

•

Aggregate tests.

•

Visual inspection of hardened concrete in mixing trucks.

•

Report of batch plant operations.

•

Pertinent data at Manitow Walworth Batch Plant.

•

Pertinent data of concrete truck mixing.

•

Report of test cylinders made.

•

Concrete test report.

During concrete operation, Pittsburgh Testing Laboratory technicians were located at the
batch plant and at the job site to test and monitor the concrete batching, mixing, and

Page 13 of 18

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 17 QUALITY ASSURANCE

placement. Anomalies were brought to the attention of the Bechtel engineer and rejection of
concrete was recommended as appropriate. Running statistics of concrete tests were
maintained by the Bechtel Civil Department. These were reviewed by the Gilbert Associates
field engineer.
17.1.2.5.11 Documentation
Bechtel maintained a field technical file organized on the code of account system.
Maintenance of these files was the direct responsibility of the Bechtel job engineer and
responsibility for content portions of the file (civil, electrical, mechanical) was delegated to
the respective senior engineers. Records, certificates, and test reports accumulated in the
areas discussed in Sections 17.1.2.5.2 through 17.1.2.5.10 above were retained in the
technical files along with the correspondence and engineering data pertaining to the various
areas. The technical files represented a complete record of the technical aspects of the job
and were turned over to Westinghouse Atomic Power Division upon completion of the job.
17.1.2.5.12 Site Cleanliness
Bechtel was responsible for maintaining general site cleanliness both inside and outside of
structures throughout the construction period. A receiving warehouse was maintained on the
site for storage and protection of all but the large equipment received at the site. All packing
and temporary construction material was removed from the site immediately following
completion of their use. Clean areas were constructed where needed, and cleanliness of
adjacent areas was maintained to reduce the probability of contamination of clean areas and
nuclear steam supply system components.
17.1.3
17.1.3.1

QUALITY CONTROL ORGANIZATION FOR REACTOR CONTAINMENT
STRUCTURE DESIGN AND ERECTION
General

The Westinghouse Electric Corporation, as prime contractor, was fully responsible to RG&E
for all aspects of quality control of the project including design, construction, materials,
workmanship, and performance. Westinghouse assigned certain responsibilities for quality
control as described hereinafter. Generally all test, inspection, and installation records were
kept in a quality control file maintained at the site.
17.1.3.2

Rochester Gas and Electric Corporation

The Rochester Gas and Electric Corporation assigned company inspection personnel to ensure
that construction was in accordance with drawings and specifications. The assigned
inspection personnel were under the direction of the Project Engineer who was a licensed
professional engineer in the State of New York. The inspection staff consisted of, at a
minimum, a mechanical engineer who was responsible for hardware and a technician from
the RG&E construction department experienced in concrete construction. Rochester Gas and
Electric Corporation also retained the firm of Hansen, Holley and Biggs, consulting
engineers, who reviewed the design of the containment and advised the RG&E field staff on
special areas for field inspection. Rochester Gas and Electric Corporation's assigned
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personnel reviewed the inspection and quality control records maintained by Westinghouse in
the field and reviewed the results of tests conducted on construction materials and work
performed in the field.
17.1.3.3

Westinghouse Electric Corporation

In addition to its overall project responsibility, Westinghouse performed the following for the
ensurance of plant integrity and quality.
A. The containment design criteria, material specifications, and detail design were reviewed
by qualified engineers of the home office engineering department prior to releasing
drawings and specifications for construction. The containment design was also
independently reviewed by the firm of Praeger-Kavanagh-Waterbury.
B. Methods proposed by the constructor, Bechtel Corporation, were reviewed prior to using
them for construction and inspection.
C. An up-to-date file was maintained of all change orders, test reports, and inspection reports
on field-procured materials and construction work.
D. Continuous surveillance was maintained of all construction and inspection operations.
The responsibilities and authority of Westinghouse on the construction site were vested in the
Westinghouse resident engineer who was a qualified engineer with more than 10 years
experience in the construction of power plants. In addition, the overall program of quality
control was coordinated with other Westinghouse construction projects by the construction
quality control engineer in the home office who was a qualified civil engineer with more than
5 years experience in both field construction and shop fabrication of mechanical equipment.
17.1.3.4

Gilbert Associates, Inc.

As designer of the containment, Gilbert Associates, Inc., provided the services of a field
engineer to maintain continuous surveillance of construction. The function of the field
engineer included interpreting drawings and specifications and ensuring that construction
changes were properly documented and referred to the home office designers for resolution.
The field engineer reported directly to the Westinghouse resident engineer on field matters
and to the project engineer on matters of drawing or specification interpretation and
construction changes. Specific responsibilities of this field engineer were as follows:
Materials
The field engineer reviewed all required materials test reports including those for concrete,
mild steel reinforcement, tendons, liner including penetrations, elastomer pads, and other
embedded materials. Materials delivered to the field were randomly checked for damage in
transit and other imperfections. The work of the concrete testing agency was monitored, and
information contained on concrete test reports was monitored for correctness and
completeness. The field engineer selected cadweld splices for sampling and monitored test
results to verify that they did not fall below the decision limit established for the statistical
sampling.
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Workmanship
The field engineer monitored and duplicated where necessary the Constructor's (Bechtel)
routine inspection of the work. The operations of the personnel of the concrete testing agency
on the site were monitored to ensure that required coverage of concrete operations was
provided. Random inspection of the concrete batch plant, including its operation and
materials, was made. The testing of the liner, including nondestructive tests and leak-rate
tests, was monitored to ensure that test procedures and results conformed to the
specifications. The placement of liner, mild steel reinforcement, cadweld splices, tendons,
concrete, and other embedded materials was monitored to ensure compliance with the design.
The field engineer ensured that the competence of the foundation material was verified by a
soils engineer from Dames & Moore prior to placing the foundations. Procedures and
sequence of tendon tensioning were monitored.
17.1.3.5

Pittsburgh Testing Laboratory

This firm maintains testing laboratories in many cities including both Rochester and Buffalo,
New York. They provided to Westinghouse the services of inspection and testing of all
concrete for the plant. Pittsburgh Testing Laboratory field inspectors were qualified
technicians with at least 5 years experience in concrete work. Pittsburgh Testing Laboratory
performed the following services:
A. Provided an inspector at the concrete batch mixing plant who checked the quality of
materials, accuracy of measuring equipment, and makeup of each batch of concrete.
B. Provided one or more inspectors at the construction site to make slump tests, make test
cylinders, and monitor the handling and placement of the concrete.
17.1.3.6

Dames & Moore

This firm is nationally known as consultants in the field of earth sciences. They made the
studies of site geology and seismology. Dames & Moore furnished qualified soils engineers
to the plant site during excavation and backfilling operations to do the following:
A. Inspect and classify excavated materials according to their suitability for use for
backfilling, road base, etc.
B. Review and approve proposed methods and procedures for excavation, especially blasting.
C. Inspect finished excavation, examine the undistributed soil and rock, and evaluate its
suitability and competence to bear the loads required by the design.
D. Recommend measures for the protection of excavated areas of soil and rock until the
concrete is to be poured.
17.1.3.7

Bechtel Corporation

As construction contractor, the Bechtel Corporation was responsible for the inspection and
quality control operations described below:
A. Procure construction materials in accordance with specifications prepared by Gilbert
Associates. They were to obtain from the suppliers certified test reports of physical and
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chemical properties and inspect materials as they were received at the plant site. No
deviations from specifications were to be accepted without approval by the designer.
B. Perform all construction work in accordance with the plans and specifications and maintain
an adequate force of qualified supervisory personnel at all times. No deviations from plans
and specifications were to be made without approval by the designer.
C. Maintain, as a part of their field engineering group, an adequate force of qualified
personnel, thoroughly familiar with the plans and specifications, who were to perform a
thorough inspection of each construction operation of unusual conditions for review and
permanent record.
Bechtel Corporation was fully responsible for the work of its subcontractors and monitored
their inspection activity to ensure its adequacy.
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17.2

QUALITY ASSURANCE DURING THE OPERATIONS PHASE

The quality assurance program for the operations phase of the R. E. Ginna Nuclear Power
Plant described in Supplement IV to Technical Supplement Accompanying Application for a
Full-Term Operating License, Docket No. 50-244. Supplement IV through Revision 8 was
submitted to the Regional Administrator, NRC Region I, in accordance with 10 CFR 50.54(a)
on June 6, 1983. The program was reviewed by the Region and the proposed changes were
reported to be acceptable by NRC Region I letter dated August 10, 1983, "10 CFR 50.54 QA
Program Description Change Review for R. E. Ginna Nuclear Power Plant." A common
quality assurance program for the legacy Constellation Energy Nuclear Fleet was approved
by the NRC on December 21, 2006. Ginna later came under the Exelon Generation Company,
LLC, quality assurance program when the Ginna operating license was transferred (see Section
1.1 for details about the license transfer). Changes to the approved quality assurance program
(Quality Assurance Program Topical Report (QATR)) are submitted to the NRC in
accordance with the provisions of 10 CFR 50.54(a).
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Figure 17.1-1 Quality Control Relationships During Construction
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18.1

INTRODUCTION

On July 30, 2002 the Rochester Gas and Electric Corporation (RG&E) submitted an application to the Nuclear Regulatory Commission (NRC) to renew the operating license for the
R.E. Ginna Nuclear Power Plant for an additional 20 years beyond the original expiration
date of September 18, 2009 (Reference 1). This application was submitted in accordance with
the applicable requirements of 10 CFR 54. Between the date of receiving the License
Renewal Application (LRA) and January 2004, the NRC reviewed the Ginna LRA, issued
requests for additional information (RAIs), reviewed Ginna's response to the RAIs, and
finally, issued a Safety Evaluation Report (SER) on March 3, 2004 (Reference 11). This SER
concluded that the requirements of 10 CFR 54.29(a) have been met.
18.1.1

RENEWED FACILITY OPERATING LICENSE

A renewed operating license was issued to R.E. Ginna Nuclear Power Plant by NRC letter
dated May 19, 2004. The renewed operating license is effective from the date of issuance
through September 18, 2029.
Technical Specification Amendment 115 was issued on April 1, 2014 which approved the
transfer of the license for R. E. Ginna Nuclear Power Plant (Ginna) held by Constellation
Energy Nuclear Group, LLC (CENG) to R. E. Ginna Nuclear Power Plant, LLC, (Ginna
LLC). Ginna LLC is currently owned by the Exelon Generating Company, LLC (Reference 2).
18.1.2

UPDATED FINAL SAFETY ANALYSIS REPORT SUPPLEMENT

Pursuant to the requirements of 10 CFR 54.21(d), this UFSAR Supplement, Chapter 18, is
being added to the UFSAR. The purpose of this supplement is to describe certain future
activities to be completed prior to the period of extended operation (September 18, 2009
through September 18, 2029.) This supplement also contains a summary description of the
programs and activities for managing the effects of aging and the evaluation of time-limited
aging analysis (TLAA) for the period of extended operation.
18.1.3

STRUCTURES, SYSTEMS, OR COMPONENTS ADDED SUBSEQUENT TO
RENEWED LICENSE

For holders of a renewed license, 10 CFR 54.37(b) requires that newly identified Structures,
Systems, or Components (SSCs) be included in the FSAR update required by 10 CFR
50.71(e). The FSAR update must describe how the effects of aging will be managed such that
the intended function(s) identified per 10 CFR 54.4 will be effectively maintained during the
period of extended operation. Renewal licensees are obligated to comply with 10 CFR
54.37(b) as a condition of license renewal.
Newly identified SSCs are SSCs that were installed in the plant prior to receiving the renewed
license (i.e. prior to May 19, 2004) but were not identified during the License Renewal process as meeting the scoping criteria of 10 CFR 54.4.
•

During the period of September 2007 to December 2008, a review was conducted of all
SSCs added to Ginna's Configuration Management Information System (CMIS) since the

Page 2 of 26

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 18 UPDATED FINAL SAFETY ANALYSIS REPORT SUPPLEMENT FOR LICENSE RENEWAL

original analysis was performed. Using the same methodology described in the R. E. Ginna
Nuclear Power Plant LR Application (LRA) that was submitted on July 30, 2002, a total of
81 "newly identified" SSCs were found. Reference 13 documents this review.
There have been no additional scoped systems nor have there been any component type,
material-environment combination, LR intended function, or Aging Management Program
additions as a result of the "newly identified" SSCs. Existing Aging Management Programs
and aging management strategies have been invoked to adequately detect and manage the
aging effects of these "newly identified" SSCs consistent with aging management table line
items already identified and included in Ginna's LRA.
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REFERENCES FOR SECTION 18.1
1.

NRC Order from R. V. Guzman, NRC, to H. B. Barron, CENG, "Order Superseding
October 9, 2009, Order Approving the Transfer of Renewed Operating License No.
DPR-18 for the R. E. Ginna Nuclear Power Plant (TAC No. ME0445), Letter No.
WPLNRC-1002215, dated October 30, 2009.

2.

Letter from Nadiyah S. Morgen, NRC, to Mary G. Korsnick and Bryan P. Wright,
Constellation Energy Nuclear Group: R.E. Ginna Nuclear Power Plant - Issuance of
Amendment to Conform the Renewed Facility Operating License to Reflect the Direct
Transfer of Operating Authority (TAC No. MF2588).
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18.2

PROGRAMS THAT MANAGE THE EFFECTS OF AGING

This section provides summaries of the programs and activities credited for managing the
effects of aging, in alphabetical order.
Each Program is based on meeting the requirements of the ten elements of an aging
management program as described by NUREG 1801 Revision 0.
The Ginna Quality Assurance Program implements the requirements of 10 CFR 50, Appendix
B and is consistent with the summary in Section A.2 of NUREG-1800, Standard Review Plan
for the Review of License Renewal Applications for Nuclear Power Plants, published in July
2001. The Quality Assurance Program includes the elements of correc- tive action,
confirmation process, and administrative controls, and is applicable to the safety-related and
non-safety-related structures, systems, and components that are within the scope of license
renewal.
18.2.1

AGING MANAGEMENT PROGRAMS

The description of the Ginna Aging Management Programs are consistent with their status as
configured to apply to the period of extended operation.
18.2.1.1

Aboveground Carbon Steel Tanks

The purpose of this program is to assess and monitor the condition of all accessible surfaces
of aboveground carbon steel storage tanks. The programs provide for periodic system walkdowns and inspections to monitor the condition of selected above ground carbon steel storage
tanks, including an assessment of tank surfaces protected by paints or coatings, although the
coatings themselves are not credited to perform a preventive function. For inaccessible surfaces such as concrete foundation interfaces, an inspection of the tank bottom wall thickness
is performed.
18.2.1.2

ASME Section XI, Subsections IWB, IWC, & IWD Inservice Inspection

The program consists of periodic volumetric, surface, and/or visual examinations and leakage
tests of all Class 1, 2, and 3 pressure-retaining components to identify evidence of degradation. Surface and visual examinations of integral attachments are also performed. This program is in accordance with the Inservice Inspection (ISI) Plan. The program also provides for
evaluation of inspection results and appropriate corrective actions. The pressurizer manway
stainless steel insert will receive a visual and surface examination as part of Ginna's ISI Program to detect potential stress-corrosion cracking.
18.2.1.3

ASME Section XI, Subsections IWE & IWL Inservice Inspection

The program consists of periodic visual inspection of concrete surfaces for reinforced and
prestressed concrete containments, and periodic visual inspection and sample tendon testing
of unbonded post-tensioning systems for prestressed concrete containments, for evidence of
degradation, assessment of damage and corrective actions. Measured tendon lift-off forces are
compared to predicted tendon forces calculated in accordance with Regulatory Guide 1.35.
The ASME Section XI, Subsection IWE program consists of periodic visual, surface, and vol-
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umetric inspection of pressure retaining components of steel and concrete containments for
evidence of degradation. The first interval program also provides for assessment of damage
and appropriate corrective actions. This program is in accordance with ASME Section XI,
Subsections IWE and IWL, 1992 edition including 1992 addenda. Future 10-year Inspection
Interval Requirements will be in accordance with the Containment Inservice Inspection
(CISI) Plan.
18.2.1.4

ASME Section XI, Subsection IWF Inservice Inspection

This program consists of periodic visual examinations of component supports for evidence of
degradation. The program provides for evaluation of inspection results and appropriate corrective actions. This program is in accordance with the Inservice Inspection (ISI) Plan.
18.2.1.5

Bolting Integrity

The purpose of this program is to verify that a representative sample of all the various types
of bolting within the scope of license renewal will be inspected during the period of extended
operation. The program consists of periodic inspections of pressure retaining bolting as
delineated in NUREG-1339, and other industry recommendations in EPRI NP-5679 (with
exceptions noted in NUREG-1339) for safety related bolting, and EPRI TR-104213 for pressure retaining and structural bolting. The program provides for periodic inspection of closure
bolting for indication of loss of preload, cracking, and loss of material.
18.2.1.6

Boric Acid Corrosion

The program consists of: (1) visual inspection of external surfaces that are potentially exposed
to borated water leakage, (2) timely discovery of leak path and removal of the boric
acid residues, (3) assessment of any damage, and (4) follow-up inspections to assure effectiveness of corrective actions. The program scope includes RCS components in accordance
with Generic Letter 88-05 as well as non-RCS mechanical, electrical and structural components susceptible to boric acid corrosion which are potentially exposed to borated water leaks.
18.2.1.7

Buried Piping and Tanks Inspection

The purpose of this program is to ensure that buried piping and tanks within the scope of
license renewal are periodically monitored and assessed and maintained in an acceptable condition. The Program includes provisions for: (1) preventive measures to mitigate corrosion,
and (2) periodic inspections to manage the effects of corrosion on the pressure retaining
capacity of buried carbon steel piping and tanks during inspections of opportunity. Preventive
measures are in accordance with standard industry practice for maintaining external coatings
and wrappings. Buried piping and tanks are inspected visually for any evidence of degradation when they are uncovered for any reason.
18.2.1.8

Closed-Cycle (Component) Cooling Water System

The program includes: 1) preventive measures to minimize corrosion by maintaining corrosion inhibitor concentrations within specified limits, 2) surveillance tests and inspections, and
3) nondestructive evaluations of internal surfaces of system components. Evaluations to ver-
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ify the effectiveness of water chemistry controls are based on the guidelines of EPRI TR107396 for closed-cycle cooling water systems.
18.2.1.9

Electrical Cables and Connections Not Subject to 10 CFR 50.49
Environmental Qualification Requirements

The program requires that cables and connections in accessible areas exposed to adverse
localized environments caused by heat, radiation, or moisture are inspected on a periodic
basis. Visual inspections for cable and connector jacket surface anomalies such as embrittlement, discoloration, cracking, and surface contamination are performed at least once every
ten years.
18.2.1.10 Electrical Cables Not Subject to 10CFR50.49 Environmental Qualification
Requirements Used In Instrument Circuits
Electrical cables used in circuits with sensitive, low-level signals, such as radiation monitoring and nuclear instrumentation, are periodically (at least once every 10 years) tested for insulation resistance to identify changes that could have an adverse impact on circuit operation.
Combined with the program to perform visual inspections of accessible portions of these circuits, as described in Section 18.2.1.9, sufficient indication of the need for corrective action is
provided.
18.2.1.11 Fire Protection
The program includes inspection of fire barriers and functional testing of fire pumps. The Fire
Protection Program requires periodic visual inspections of fire barrier penetration seals, fire
barrier walls, ceilings, and floors, and periodic visual inspections and functional tests of fire
rated doors and dampers to ensure that their operability is maintained. The Fire Protection
Program requires that the diesel driven fire pump be periodically tested to ensure that the fuel
supply line can perform the intended function. The program also includes periodic inspection
and testing of the halon fire suppression system.
18.2.1.12 Fire Water System
The program consists of inspections and functional tests of fire suppression components such
as sprinklers, hydrants, valves and piping. Periodic full flow flush tests and system performance tests are conducted to prevent corrosion due to silting and biofouling of components.
In addition, the system is normally maintained at required operating pressure and is monitored such that loss of system pressure is immediately detected and corrective actions initiated. Internal portions of the fire water system are visually inspected when disassembled for
maintenance. Volumetric NDE inspections using appropriate techniques are performed to
detect wall loss and fouling. Replacement or representative sample testing of sprinklers with a
service life of 50 years is specified.
18.2.1.13 Flow-Accelerated Corrosion
The program consists of: (1) conducting appropriate analyses to determine critical locations
susceptible to FAC, (2) conducting baseline inspections to determine the extent of thinning at
these locations, and (3) performing follow-up inspections to confirm predicted degradation
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rates. Corrective actions such as repair or replacement are evaluated based on inspection
results and predicted rates of wall loss. The program implements the EPRI guidelines in the
Nuclear Safety Analysis Center (NSAC) 202L and utilizes the CHECWORKS predictive
code.
18.2.1.14 Fuel Oil Chemistry
The program consists of a combination of surveillance and maintenance activities. Monitoring and control of fuel oil contamination in accordance with the guidelines in ASTM Standards D975, D1796, D2709, D4057 and D2276 (or its successor) maintains fuel oil quality.
Exposure to fuel oil contaminants such as water and microbiological organisms is minimized
by periodic cleaning/draining of storage tanks and verifying the quality of new fuel oil before
introduction into the tanks.
18.2.1.15 Inaccessible Medium-Voltage Cables Not Subject to 10CFR50.49
Environmental Qualification Requirements
In-scope, medium-voltage cables exposed to significant moisture (exposures of more than a
few days at a time) and significant voltage (subject to system voltage more than 25% of the
time) are tested at least once every 10 years to provide an indication of the condition of the
conductor insulation. The specific type of test performed will be determined prior to the initial test, and is to be a proven test for detecting deterioration of the insulation system due to
wetting, such as insulation resistance, polarization index, dissipation factor, and time domain
reflectometry.
18.2.1.16 Inspection of Overhead Heavy Load and Light Load (Related to Refueling)
Handling Systems
The program evaluates the effectiveness of testing and monitoring activities as well as the
effects of past and future usage on the structural reliability of the cranes, hoists and lifting
devices that were evaluated in Ginna Station's response to NUREG-0612. The number and
magnitude of lifts made by the hoist or crane are also reviewed. Rails and girders are visually
inspected on a periodic basis for evidence of degradation. Functional tests are also performed
to assure structural integrity.
18.2.1.17 One-Time Inspection
The intent of this program is to verify the effectiveness of existing aging management programs by confirming the absence of an aging effect or verifying that the aging effect is developing so slowly that the intended function is expected to be maintained through the period of
extended operation. The program methodology includes selection of appropriate inspection
techniques and sample size to ensure that the specified age-related degradation will be discovered in a timely manner. The program provides for evaluation of inspection results and
appropriate corrective actions. Locations judged to be potentially susceptible to thermal
fatigue will be included in the sample population of small bore piping to be examined by
appropriate volumetric technique.

Page 8 of 26

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 18 UPDATED FINAL SAFETY ANALYSIS REPORT SUPPLEMENT FOR LICENSE RENEWAL

18.2.1.18 Open-Cycle Cooling (Service) Water System
The program is based on implementation of the recommendations of Generic Letter 89-13 to
ensure that the effects of aging on open cycle cooling water system components will be managed for the extended period of operation. The program includes surveillance and control
techniques to manage aging effects caused by biofouling, corrosion, erosion, protective coating failures, and silting in the open cycle cooling water system or structures and components
serviced by the open cycle cooling water system.
18.2.1.19 Periodic Surveillance and Preventive Maintenance
The Periodic Surveillance and Preventive Maintenance Program is used to maintain plant
equipment and structure condition and ensure reliability at Ginna Station. The program provides for visual inspection and examination of surfaces of selected equipment items and components, including fasteners, for evidence age-related degradation such as corrosion, wear,
cracking, fouling, and loss of mechanical closure integrity on a specified frequency based on
operating experience and previous inspection results. The program provides for evaluation of
inspection results and appropriate corrective actions. The program also provides for replacement or refurbishment of certain components on a specified frequency based on operational
experience.
18.2.1.20 Nickel-Alloy Nozzles and Penetrations Inspection
The Nickel-Alloy Nozzles and Penetration Inspection Program includes: 1) susceptibility
assessment of head components (including alloy 690TT subcomponents) to primary water
stress corrosion cracking (PWSCC), 2) monitoring and control of reactor coolant water chemistry to mitigate PWSCC, and 3) inservice inspection (ISI) of reactor vessel head penetrations
and bottom-mounted instrument tube penetrations, in accordance with the American Society
of Mechanical Engineers (ASME) Code, Section XI, Subsection IWB, Table IWB 2500-1
(1995 edition through the 1996 addenda). The program provides for evaluation of inspection
results and appropriate corrective actions. Ginna LLC will, in concert with industry initiatives, develop a nickel-alloy nozzle and penetration inspection program.
18.2.1.21 Reactor Vessel Internals
The Reactor Vessel Internals Program credits inspections prescribed by the ASME Code
Section XI In-Service Inspection Program (see Section 18.2.1.2), the Water Chem- istry
Control Program (see Section 18.2.1.28), and includes additional inspections based on MRP227 Materials Reliability Program: Internals Inspection Program to the NRC in February
2009 (Reference 14). In order to align with Category A facilities, as speci- fied in NRC
Regulatory Issue Summary 2011-07, Ginna withdrew this submittal in Sep- tember 2011
(Reference 15). A revised Reactor Vessel Inspection Program was submitted in September
2012 (Reference 16) to be in accordance with MRP-227-A.
18.2.1.22 Reactor Vessel Surveillance
The program provides for periodic testing of metallurgical surveillance samples to monitor
the progress of neutron embrittlement of reactor pressure vessel materials as a function of
neutron fluence in accordance with Regulatory Guide 1.99, Rev. 2. The Reactor Vessel SurPage 9 of 26
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veillance program applies to P/T Limit Curves, Upper Shelf Energy, Pressurized Thermal
Shock, and LTOP setpoints.
18.2.1.23 Spent Fuel Pool Neutron Absorber Monitoring
The program monitors long-term performance of borated stainless steel (BSS) panels, credited as a neutron absorber in portions of the spent fuel pool (soluble boron is credited in the
rest of the pool). Borated stainless steel surveillance coupons are periodically removed and
examined to evaluate coupon thickness and weight loss. The program provides for evaluation
of inspection results and appropriate corrective actions.
18.2.1.24 Steam Generator Integrity
The program incorporates the guidance of NEI 97-06 and EPRI TR-107569 for managing
aging of the secondary side of the steam generators, as well as the tubes. The effects of aging
are managed by a balance of prevention, inspection, assessment, repair, and leakage monitoring measures. Plant Technical Specifications assure timely assessment of tube integrity and
compliance with primary to secondary leakage limits.
18.2.1.25 Structures Monitoring
The Structures Monitoring Program consists of periodic inspection and monitoring of the
condition of structures and structural elements as well as selected non-safety component supports to ensure that aging degradation will be detected and corrected prior to loss of intended
function. The program is implemented in accordance with 10 CFR 50.65, NUMARC 93-01,
Rev. 2, and Regulatory Guide 1.160, Rev. 2. The program provides for evaluation of inspection results and appropriate corrective actions.
18.2.1.26 Systems Monitoring
The program identifies the evidence of age-related degradation on normally accessible exterior surfaces of piping, components and equipment in systems which are within the scope of
license renewal. As part of the implementation of 10 CFR 50.65 (Maintenance Rule), specific
guidelines for assessing the material condition of systems, structures, and components during
system engineer walkdowns were developed. The effects of aging are managed through
visual inspection and monitoring of external surfaces for leakage and evidence of material
degradation, such as corrosion, cracking, degradation of coatings, sealants and caulking,
deformation, debris and corrosion product buildup. The program provides for evaluation of
inspection results and appropriate corrective actions.
18.2.1.27 Thimble Tubes Inspection
The program manages the integrity of the incore neutron monitoring thimble tubes and the
guide tubes which serve as a portion of the reactor coolant pressure boundary. The program
provides for periodic eddy current inspections to detect cracking due to stress corrosion
cracking (SCC) of the thimble tubes and guide tubes, thimble tube wall thinning due to wear
caused by flow-induced vibration, as well as preventive maintenance activities such as flushing, cleaning, and replacement. Cracking due to SCC is detected in portions of the thimble
tubes and guide tubes exposed to the reactor coolant environment at temperatures >140°F.
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Thimble tube wear is detected at locations where the thimble tubes pass through the lower
core plate. In addition, the fillet welds joining the guide tubes to the bottom-mounted instrument penetrations are visually inspected periodically by a VT-1 technique. The program provides for evaluation of inspection results and appropriate corrective actions.
18.2.1.28 Water Chemistry Control
The program mitigates the effects of aging by controlling the internal environment of components in the primary, borated, and secondary water systems. Chemical species known to
accelerate corrosion (e.g., chloride, fluoride, and sulfate) are controlled within specified limits. The program implements the guidelines in EPRI TR-105714 for primary water chemistry,
and TR-102134 for secondary water chemistry. The program provides for assessment and
trending of water chemistry and implements corrective action strategies.
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18.3

EVALUATION OF TIME-LIMITED AGING ANALYSES

As part of a License Renewal Application, 10 CFR 54.21(c) requires that an evaluation of
time-limited aging analyses (TLAAs) for the period of extended operation be provided. The
following TLAAs have been identified and evaluated to meet this requirement.
18.3.1

REACTOR VESSEL NEUTRON EMBRITTLEMENT

The following analyses affected by neutron irradiation caused embrittlement that have been
identified as TLAAs:
•

Upper shelf energy Section 18.3.1.1

•

Pressurized thermal shock Section 18.3.1.2

•

RCS pressure-temperature operating limits Section 18.3.1.3

18.3.1.1

Upper Shelf Energy

The Charpy upper shelf energy (USE) is associated with the determination of acceptable
Reactor Vessel toughness during operation. 10 CFR Part 50 Appendix G requires that the
reactor vessel beltline materials must have a USE of no less than 50 ft-lb) throughout the life
of the reactor vessel, unless otherwise approved by the NRC. If the USE of a reactor vessel
beltline material is predicted to not meet Appendix G requirements, then licensees must submit an analysis that demonstrates an equivalent margin of safety at least three years prior to
the time the material is predicted to not meet those requirements.
In the event that the 50 ft-lb requirement cannot be satisfied as stated in 10 CFR 50 Appendix
G, or by alternative procedures acceptable to the NRC, the reactor vessel may continue to
operate provided requirement IV.A.1. of Appendix G is satisfied. This requirement states that
an analysis must conservatively demonstrate, making appropriate allowances for uncertainties, the existence of equivalent margins of safety for continued operation. Procedures for the
analysis are provided in NUREG-0744. Acceptance criteria are included in ASME Section
XI, Appendix K.
The upper shelf energy of the limiting circumferential beltline weld in the Ginna reactor vessel is expected to decrease below 50 ft-lbs during the period of extended operation. In order to
demonstrate equivalent margins of safety for continued operation, a low upper-shelf toughness fracture mechanics analysis has been performed (BAW-2425, Rev.1) to evaluate the limiting circumferential beltline weld (SA-847) for ASME Levels A, B, C, and D Service
Loadings. The analysis demonstrates that the limiting beltline weld satisfies the Appendix K
requirements for ductile flaw extensions and tensile stability using projected low upper-shelf
Charpy impact energy levels for the weld material based on a bounding reactor vessel fluence
corresponding to the end of the extended period of plant operation (2029).
18.3.1.2

Pressurized Thermal Shock

The PTS rule, 10 CFR 50.61 provides screening criteria that are a measure of a limiting level
of reactor vessel material embrittlement beyond which operation may not continue without
further plant-specific evaluation. The pressurized thermal shock screening criteria are given
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in terms of reference temperature RTPTS. The screening criteria are 270F for plates and axial
welds, and 300F for circumferential welds.
The results of the revised PTS analysis for the limiting material have been reviewed for compliance with 10CFR50.61. The methodology used in PTS analysis is based on the projected
neutron fluence at the end of the period of extended operation. For the intermediate and
lower shell forgings, the analysis was based on Regulatory Guide 1.99, Revision 2, Position
1.1, which does not rely on plant-specific surveillance data to calculate RTPTS. For the circumferential weld, the analysis was based on Regulatory Guide 1.99, Revision 2, Position
2.1, which does relay on plant-specific surveillance date to calculate RTPTS. The analysis
associated with PTS has been projected to the end of the period of extended operation, in
accordance with 10CFR54.21(c)(1)(ii) and found to be acceptable.
18.3.1.3

Pressure-Temperature Limits

10 CFR Part 50 Appendix G requires that the reactor pressure vessel (RPV) be maintained
within established pressure-temperature (P-T) limits including during heatup and cooldown.
These limits specify the maximum allowable pressure as a function of reactor coolant temperature. As the reactor pressure vessel becomes embrittled and its fracture toughness is
reduced, the allowable pressure (given the required minimum temperature) is reduced.
Heatup and cooldown limit curves are calculated using the adjusted RTNDT corresponding to
the limiting beltline region material of the reactor vessel. The adjusted RTNDT of the limiting
material in the core region of the reactor vessel is determined by using the unirradiated reactor vessel material fracture toughness properties, estimating the radiation-induced delta
RTNDT and adding a margin.
The reactor vessel neutron fluence values corresponding to the end of the period of extended
operation and the reactor vessel beltline material properties have been calculated consistent
with Regulatory Guide 1.190. The revised fluence values have been used to determine the
limiting value of RTNDT using the methods of Regulatory Guide 1.99. The limiting value of
RTNDT was used to calculate reactor coolant system (RCS) pressure-temperature (P-T) operating limits that are valid through the end of the period of extended operation. Consistent with
NUREG-1800 section 4.2.2.1.3.3, it is not necessary to implement P-T limits to carry the
reactor vessel through 60 years at the time of application. The updated limits will be contained in a pressure-temperature limit report (PTLR) or in the Technical Specification (TS)
prior to the period of extended operation. The analysis associated with P-T operating limits
has been projected to the end of the period of extended operation, in accordance with 10 CFR
54.21(c)(1)(ii).
18.3.2

THERMAL AGING EMBRITTLEMENT OF CAST AUSTENITIC STAINLESS
STEEL (CASS)

The potential exists for a loss of fracture toughness due to thermal aging of cast austenitic
stainless steel (CASS) components. An evaluation of the susceptibility of CASS components
at Ginna Station was made, based on the casting method, molybdenum content, and percent
ferrite. It was determined that the CASS RCS elbows were susceptible to a loss of fracture
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toughness due to thermal aging. A plant-specific flaw tolerance evaluation was conducted,
and documented in WCAP-15837, "Technical Justification for Eliminating Large Primary
Loop Pipe Rupture as the Structural Design Basis for the R.E. Ginna Nuclear Power Plant for
the License Renewal Program", April 2002. The evaluation concluded that adequate fracture
toughness exists for the RCS loop, including the cast elbows, for the period of extended operation (60 years).
A separate evaluation was made for the reactor coolant pump casings. In WCAP-15873, "A
Demonstration of the Applicability of ASME Code Case N-481 to the Primary Loop Pump
Casings of R.E. Ginna Nuclear Power Plant for the License Renewal Program," May 2002, it
was concluded that the primary loop pump casings are qualified to item (d) of ASME Code
Case N-481 for the period of extended operation (60 years).
The evaluation associated with thermal aging embrittlement has been found to be acceptable
to the end of the period of extended operation, in accordance with 10 CFR 54.21(c)(1)(ii).
18.3.3

METAL FATIGUE

The following issues are considered separately under the TLAA for Metal Fatigue:
•

ASME Boiler and Pressure Vessel Code, Section III, Class 1; Section 18.3.3.1

•

Reactor Vessel Underclad Cracking Section 18.3.3.2

•

ANSI B31.1 Piping Section 18.3.3.3

•

Accumulator Check Valves Section 18.3.3.4

•

Environmentally Assisted Fatigue Section 18.3.3.5

•

Reactor Vessel Nozzle-to-Vessel Weld Defect; Section 18.3.3.6

•

Pressurizer Fracture Mechanics Analysis Section 18.3.3.7

Fatigue is the gradual deterioration of a material that is subjected to repeated cyclic loads.
Components have been designed or evaluated for fatigue according to the requirements of
applicable codes.
18.3.3.1

ASME Boiler and Pressure Vessel Code, Section III, Class 1

The reactor vessel, pressurizer, steam generators, and reactor coolant pumps have been
designed in accordance with the requirements of the ASME Boiler and Pressure Vessel Code,
Section III, Class 1. The reactor vessel internals were designed according to Westinghouse
criteria which were later incorporated into ASME Boiler and Pressure Vessel Code. Design
codes for the above components are identified in UFSAR Table 5.2-3. The ASME Boiler and
Pressure Vessel Code, Section III, Class 1 requires a design analysis to address fatigue and
establish limits such that initiation of fatigue cracks is precluded.
Fatigue usage factors for critical locations in the NSSS components were determined using
design cycles that were specified in the plant design process. These design cycles were
intended to be conservative and bounding for all foreseeable plant operational conditions. The
design cycles were subsequently utilized in the design stress reports for various NSSS com-
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ponents satisfying ASME fatigue usage design requirements, and became part of the plant
Technical Specifications.
Experience has shown that actual plant operation is often very conservatively represented by
these design cycles. The use of actual operating history data allows the quantification of these
conservatisms in the existing fatigue analyses. To demonstrate that the Class 1 component
fatigue analyses remain valid for the period of extended operation, the design cycles applicable to the Class 1 components were assembled. The actual frequency of occurrence for the
design basis cycles was determined and compared to the design cycle set. The severity of the
actual plant transients was compared to the severity of the design cycles. This comparison
was performed in order to demonstrate that on an event-by-event basis the design cycle profiles envelope actual plant operation. In addition, a review of the applicable administrative
and operating procedures was performed to verify the effectiveness of the current design
cycle counting program.
This review concluded that the existing design cycles and cycle frequencies are conservative
and bounding for the period of extended operation. The analyses associated with verifying the
structural integrity of the reactor vessel, reactor vessel internals, pressurizer, steam generators, and reactor coolant pumps have been evaluated and determined to remain valid for the
period of extended operation, in accordance with 10 CFR 54.21(c)(1)(i). A confirmatory
Fatigue Monitoring Program (described in Appendix B of the LRA) has also been implemented at Ginna Station to provide additional assurance that the fatigue analyses remain valid
during the period of extended operation.
18.3.3.2

Reactor Vessel Underclad Cracking

Underclad cracking has been reported in the low alloy base metal heat-affected zone (HAZ)
beneath the austenitic stainless steel weld overlay that is deposited to protect the ferritic material from corrosion.
A re-evaluation (WCAP 15338) of the generic Westinghouse fracture mechanics evaluation
(WCAP 7733) concerning the underclad cracking issue has been performed for 60 years of
plant operation. It was concluded that "underclad cracks are of no concern to the structural
integrity of the vessel for continued plant operation, even through 60 years of operation."
WCAP 15338 is bounding for all Westinghouse plants.
The analysis associated with reactor vessel underclad crack growth has been projected to the
end of the period of extended operation, in accordance with 10 CFR 54.21(c)(1)(ii).
18.3.3.3

ANSI B31.1 Piping

Design requirements in ANSI B31.1 assume a stress range reduction factor to provide conservatism in the piping design to account for fatigue due to thermal cyclic operation. This reduction factor is 1.0 provided the number of anticipated cycles is limited to 7000 equivalent full
temperature cycles. This represents a condition where a piping system would have to be
cycled approximately once every 3 days over the extended plant life of 60 years. Considering
this limit, a review of the ANSI B31.1 piping within the scope of license renewal was performed in order to identify those systems that operate at elevated temperature and to establish

Page 15 of 26

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 18 UPDATED FINAL SAFETY ANALYSIS REPORT SUPPLEMENT FOR LICENSE RENEWAL

their cyclic operating practices. Under current plant operating practices, piping systems
within the scope of license renewal are only occasionally subject to cyclic operation. Typically these systems are subject to continuous steady-state operation and vary operating temperatures only during plant heatup and cooldown, during plant transients, or during periodic
testing.
The results of the evaluation for ANSI B31.1 piping systems demonstrated that the number of
assumed thermal cycles will not be exceeded in 60 years of plant operation except for the
Nuclear Sampling System. For all systems except the Nuclear Sampling System, it has been
determined that operation can be projected to the end of the period of license renewal, in
accordance with 19 CFR 54.21 (c)(1)(ii). For the sampling system, a detailed engineering
analysis was performed which showed that the maximum thermal stress developed during
heatups and cooldowns was less than the code allowable stress range for 100,000 or more
operational cycles. The existing nuclear steam supply system (NSSS) sampling is thus
acceptable for the period of extended operation, in accordance with 10CFR54.21(c)(1)(ii).
18.3.3.4

Accumulator Check Valves

Fatigue of components is recognized as time dependent and therefore the analysis was
reviewed for fatigue related to these valves. Fatigue failure is based upon the criteria of the
cumulative usage factor (CUF). An analysis was performed on the accumulator check valves
at Ginna Station. The analysis concludes that the maximum CUF is 0.74 based on specified
load conditions.
Plant transients were reviewed to confirm transient limits and total transient counts to date.
The load condition occurrences used in the above analysis bound the transient limits monitored by plant procedures. In accordance with 10 CFR 54.21(c)(1)(i), the existing CUF calculations remain valid because the number of assumed transients would not be exceeded during
the period of extended operation.
18.3.3.5

Environmentally Assisted Fatigue

Generic Safety Issue (GSI)-190, Fatigue Evaluation of Metal Components for 60 Year Plant
Life, identifies a concern of the NRC staff about the potential effects of reactor water environments on reactor coolant system component fatigue life during the period of extended operation. GSI-190, which was closed in December 1999, has concluded that environmental effects
have a negligible impact on core damage frequency, and as such, no generic regulatory action
is required. However, as part of the closure of GSI-190, the NRC has concluded that licensees
who apply for license renewal should address the effects of coolant environment on component fatigue life as part of their aging management programs.
Fatigue-sensitive component locations were evaluated in NUREG/CR-6260 for the older vintage Westinghouse plant. These locations were:
1. Reactor vessel shell and lower head (lower shell at the core support pads)
2. Reactor vessel inlet and outlet nozzles
3. Pressurizer surge line (including hot leg and pressurizer nozzles)
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4. Reactor coolant piping charging system nozzle
5. Reactor coolant piping safety injection nozzle
6. Residual Heat Removal system Class 1 piping
Environmental fatigue calculations have been performed for Ginna for those component locations included in NUREG/CR-6260 using the appropriate environmental life correction factor
formulae contained in NUREG/CR-6583 for carbon/low alloy steel material, or NUREG/CR5704 for stainless steel material, as appropriate.
Based on these results, all component locations were determined to be acceptable for the
period of extended operation.
18.3.3.6

Reactor Vessel Nozzle-to-Weld Defect

In 1979, during the first-interval ISI of the reactor vessel, a flaw indication was discovered by
UT examination in a primary inlet nozzel-to-vessel weld (Nozzle N2B). The size of this indication was determined to exceed the size permitted by the acceptance criteria for the examination method in ASME Section XI, 1974 Edition. The flaw was again sized as
unacceptable in 1989. Fracture mechanics analyses performed in 1979 and 19789 concluded
that the only stresses of significance acting across the flaw are those due to vessel pressurization and weld residual stress, and that the flaw satisfied the ASME section XI Code criteria
for acceptance by evaluation. In addition, the analyses concluded that:
•

Irradiation effects from the core are negligible at the flaw location.

•

The applied stress intensity (K) for the embedded flaw with a through-wall dimension of
0.48 inches and a length of 4.94 inches is calculated as 7351 psi/in due to pressure loading
and weld residual stress.

•

The above K value provides a margin of 27.2 against an upper shelf reference K (KIR) of
200,000 psi/in, compared to the required Section XI margin of 3.16.

•

Predicted fatigue crack growth, even for 1200 full cycles of vessel pressurization, is insignificant.

It has been determined that the design basis transient set for Ginna Station remains bounding
for the period of extended operation. The number fo design cycles of heatups and cooldowns,
and therefore vessel pressurizations, is 200. Since irradiation effects at the flaw location are
negligible and fatigue crack growth is insignificant even for 1200 cycles of pressurization, the
flaw will remain stable and of no structural significance for the period of extended operation.
Since the number of pressurizations during the period of extended operation are less than that
analyzed in the fatigue crack growth analysis, the amount of flaw growth for the period of
extended operation is bounded by the fracture mechanics analysis performed in 1989.
18.3.3.7

Pressurizer Fracture Mechanics Analysis

During the preservice UT examination of the pressurizer, a "defect-like" indication was
reported in the lower shell-to-head circumferential weld (C-3). The indication was reported as
a linear reflector approximately 11 1/2" long X 1/2" width embedded partially in the circum-
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ferential weldment and the base metal of the pressurizer shell. Based on a fracture mechanics
analysis performed by Westinghouse, it was concluded that the "defect" would not cause failure of the pressurizer during the design life (40 years) of the component. The analysis was
based on several conservative assumptions, including transposing the defect from the embedded position to the internal surface of the pressurizer wall.
This indication was subsequently examined by UT in 1971, 1972, 1974, 1980, 1991, and
2002 during ASME Section XI inservice inspections. The examinations in 1974, 1980, and
1991 characterized the indication as consisting of several intermittent, low-amplitude indications located in the center 1/3 of the weld thickness. These indications were evaluated and
found to meet the acceptance criteria by examination of ASME Code, Section XI. The most
recent inspection was performed using both automated and manual UT examinations. Intermittent, low-amplitude indications were recorded in the center 1/3 of the weld thickness.
These indications were also evaluated and found to meet the acceptance criteria by examination in ASME Code, Section XI, 1995 Edition (1996 Addenda).
Thus, even though this issue was evaluated as a TLAA, it has been demonstrated that the initial indication is actually a number of small, discrete indications which meet the ASME Code,
Section XI acceptance criteria by examination. Thus, the fracture mechanics analysis is no
longer applicable or relevant, but included for completeness.
18.3.4

ENVIRONMENTAL QUALIFICATION OF ELECTRIC EQUIPMENT

10 CFR 50.49, Environmental qualification of electric equipment important to safety for
nuclear power plants, requires that selected electrical equipment that is relied upon to remain
functional during and following a design basis event be environmentally qualified to perform
its intended function. Equipment within the scope of the EQ rule has been identified in accordance with 10 CFR 50.49 paragraph (d) and are listed in the Ginna Station EQ Master List.
Only the equipment qualification packages which indicate a qualified life of greater than 40
years were reviewed as a Time-Limited Aging Analysis (TLAA). Equipment qualification
packages that indicate a qualified life of less than 40 years are not a TLAA as defined in 10
CFR 54.3 and therefore need not be discussed in the context of license renewal. To establish
reasonable assurance that the safety related electrical equipment will perform its safety function when exposed to postulated harsh environmental conditions, licensees are required to
develop an environmental qualification program. The program must demonstrate that the
safety related electrical equipment required to perform the various safety related functions,
identified in 10 CFR 50.49, are qualified to perform as intended. The program must maintain
the environmental qualification of the equipment for its installed life. Periodic replacement
and/or refurbishment of equipment are performed in order to maintain the qualified life of the
device. The qualified life of an equipment type is that period of time the equipment is
installed, under normal and abnormal plant operating conditions (thermal and radiation exposure), and still be expected to perform its intended function following a postulated design
basis event. The qualified life of an equipment type is determined using the ambient environmental conditions to which it is exposed for the predicted installation period as well as any
internal heat rise and cyclic stresses.
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EQ reanalyses have been performed to verify extension of EQ qualification to 60 years for
most equipment, and shown to be acceptable per 10 CFR 54.21(c)(1)(i) or (c)(1)(ii). Calculations, for all EQ components that will not be replaced at the end of qualified life, have been
completed and shown to be acceptable through the period of extended operation.
18.3.5

CONCRETE CONTAINMENT TENDON PRESTRESS

The Ginna Station containment structure is post-tensioned by 160 vertical tendons. The
design for the containment provides for prestressing the concrete in the cylinder walls in the
longitudinal direction with a sufficient compressive force to ensure that upon application of
the design load combinations there will be no tensile stresses in the concrete due to membrane
forces.
The prestressing forces of containment tendons decrease over time due to creep and shrinkage
of concrete, and stress relaxation of the prestressing steel wires.
One hundred and thirty seven tendons were retensioned in 1979. The remaining twenty three
tendons, which had been retensioned in 1969, were not included in the 1979 retensioning
activity. Review of tendon surveillance lift-off data indicates that prestressing forces will
remain at acceptable levels through the period of extended operation for all tendons except
the group of twenty three which were retensioned in 1969. These tendons will be retensioned
prior to the end of the current license period. Technical Specifications require that the results
of the surveillance be compared with predicted values to verify that prestressing forces are
maintained above the minimum design prestress levels.
Based on this review, the program will adequately manage loss of prestress in containment
tendons during the extended period of operation in accordance with 10 CFR 54.21(c)(1)(iii).
18.3.5.1

Containment Tendon Fatigue

Fatigue tests were conducted on tendon wire materials in 1960 by an independent testing lab.
The tests indicated that the tendons were capable of withstanding over 2 million cycles at
stress levels between 135 and 158 Ksi. The test results were used to conclude that dynamic
loads, considering especially pulsating loads resulting from an earthquake, do not jeopardize
buttonhead anchorage.
The tendon fatigue test results indicate that the fatigue limit of the tendon wires exceeds, by
many orders of magnitude, the total number of cycles that could accumulate through multiple
seismic events over 60 years. The seismic fatigue evaluation remains valid through the period
of extended operation in accordance with 10 CFR 54.21(c)(1)(i).
18.3.5.2

Containment Tendon Bellows Fatigue

The allowable radial and vertical displacements of the containment stainless steel tendon bellows are limited to two cycles per year for the 40-year life of the plant. This limits the total
number of allowable bellows displacement cycles to 80. Since the completion of construction, displacements at the tendon bellows have occurred due to pressure testing and temperature changes in the cylindrical shell wall due to seasonal variations and reactor shutdown
during refueling outages.
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The fatigue usage factor of the tendon bellows has been calculated to be .004 over a 60-year
period. Therefore, the structural integrity of the tendon bellows will be maintained through
the period of extended operation. Thus, the original fatigue analysis remains valid for the
period of extended operation in accordance with 10 CFR 54.21(c)(1)(i).
18.3.6

CONTAINMENT LINER PLATE AND PENETRATION FATIGUE

The containment liner, liner penetrations and liner steel components of the Ginna Station
Containment Structure comply with the ASME Code Section III-1965 for pressure boundary
and the AISC Code for structural steel. The containment liner and penetrations, including the
equipment and personnel hatch penetrations, were designed as Class B Vessels. The Winter
1965 Addenda of ASME Section III, Subsection B, N-1314(a) requires that the containment
vessel satisfy the provisions of Subsection A, N-415.1, "Vessels Not Requiring Analysis for
Cyclic Operation," in order that Subsection B rules be applicable.
ASME Section III, N-415.1 states that a fatigue analysis is not required, and it may be
assumed that the peak stress intensity limit has been satisfied for a vessel or component by
compliance with the applicable requirements for materials, design, fabrication, testing, and
inspection, provided the service loading of the vessel or component meets all of six (6) conditions. An analysis was performed which verifies that each of the six conditions are satisfied
for the period of extended operation. This analysis demonstrates that the liner and penetrations comply with the ASME Section III - 1965 Code Rules for fatigue through the period of
extended operation in accordance with 10 CFR 54.21(c)(1)(ii).
18.3.6.1

Containment Liner Anchorage Fatigue

A fatigue analysis of the fillet weld attaching the channel anchors to the liner was performed
as part of the original containment design. The allowable fatigue stress of the attachment weld
was set equal to the stress caused by static loading. This stress equals 13,600 psi and corresponds to 100,000 stress cycles.
A total of 100,000 stress cycles corresponds to more than 4 full stress cycles per day for 60
years. Fluctuations of temperature and pressure in containment on a daily basis are not significant enough in magnitude to cause four cycles of design basis stress at the liner anchorage
weld each day. Therefore, the original fatigue analysis remains valid for the period of
extended operation in accordance with 10 CFR 54.21(c)(1)(i).
18.3.7

CONTAINMENT LINER STRESS

The containment liner is carbon steel plate conforming to ASTM A442-60T Grade 60 with a
minimum yield of 32,000 psi, and a buckling stress of 16,600 psi at operating conditions. The
liner plate thickness is 1/4 in. for the base and 3/8 in. for the cylinder and dome. The liner
stresses (meridional directions) were calculated to be 4500 psi compression based upon a prestress force of 0.70 fs. The concrete strain due to creep and shrinkage was established as
being 320 x 10-6 in/in. This increases the liner stress to 14,100 psi at the end of 40 years.
The creep and shrinkage strain occurring over a 60-year plant life was calculated, and the
resulting compressive liner stress due to both time-dependent and non-time dependent loads
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is determined to be 14,870 psi. This liner stress is less than the liner buckling stress of 16,600
psi and therefore the analysis has been projected to the period of extended operation in accordance with 10 CFR 54.21(c)(1)(ii).
18.3.8
18.3.8.1

OTHER TIME-LIMITED AGING ANALYSES
Crane Load Cycle Limit

The estimated number of load cycles for each crane was compared to the number of design
load cycles. The comparison demonstrated that all estimated load cycle combinations were
well below the upper design loading cycle limit. In addition, the average percent of the rated
load lifted was well below 50% of the limit as set forth in the design criteria. Since the number of operating load cycles for the cranes will be fewer than the design cycles and the average percent of rated load lifted is less than 50% for the design load cycles, the crane load
cycle limits will remain valid for the period of extended operation in accordance with the
requirements of 10 CFR 54.21(c)(1)(i).
18.3.8.2

Reactor Coolant Pump (RCP) Flywheel

During normal operation, the reactor coolant pump (RCP) flywheel possesses sufficient
kinetic energy to produce high energy missiles in the event of failure. The aging effect of concern is fatigue flaw growth in the flywheel bore keyway. In accordance with the ISI program,
Ginna Station performs an examination once every 20 years (see UFSAR Section 5.4.1.2.5).
The method of examination includes either an ultrasonic examination over the volume from
the inner bore of the flywheel to the circle of one-half the outer radius, or an ultrasonic and
surface examination of exposed surfaces defined by the volume of the disassembled flywheel.
18.3.9

EXEMPTIONS

The requirements of 10 CFR 54.21(c) stipulate that the application for a renewed license
should include a list of plant-specific exemptions granted pursuant to 10 CFR 50.12 and that
are based on time-limited aging analyses, as defined in 10 CFR 54.3. Each active 10 CFR
50.12 exemption has been reviewed to determine whether the exemption is based on a timelimited aging analysis. No plant-specific exemptions granted pursuant to 10 CFR 50.12 and
based on a time-limited aging analysis as defined in 10 CFR 54.3 have been identified.
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18.4

TLAA SUPPORTING ACTIVITIES

18.4.1

CONCRETE CONTAINMENT TENDON PRESTRESS

The prestressing forces generated by the containment wall tendons diminish over time due to
stress relaxation of the steel tendon wires and shrinkage and creep of the surrounding concrete. The aging management program developed to monitor the prestressing tendon forces
ensures that, by periodic surveillance lift-off tests, the trend lines of the measured prestressing
forces meet the requirements of 10 CFR 50.55a(b)(2)(viii)(B). If the trend lines cross the predicted lower limits, corrective action such as retensioning will be taken.
18.4.2

ENVIRONMENTAL QUALIFICATION PROGRAM

Equipment environmental qualification has been reviewed and one of the following options
was used for those components re-analyzed:
•

The original environmental qualification qualified life has been shown to remain valid for
the period of extended operation.

•

The environmental qualification has been projected to the end of the period of extended
operation. Reanalysis addresses attributes of analytical methods, data collection and reduction methods, underlying assumptions, acceptance criteria, and corrective actions.

Calculations for all EQ components that will not be replaced at the end of qualified life have
been completed, and shown to be acceptable through the period of extended operation.
18.4.3

FATIGUE MONITORING PROGRAM

The program is a confirmatory program that monitors loading cycles due to thermal and pressure transients at selected locations on critical reactor coolant system components. The program provides means for evaluating transients using either a stress based or cycle based
methodology. The program provides an analytical basis for confirming that the number of
cycles established by the analysis of record will not be exceeded before the end of the period
of extended operation.
The effects of the reactor coolant environment on component fatigue life are considered by
evaluation of a sample of critical components that include, as a minimum, those components
selected in NUREG/CR-6260 using the appropriate environmental fatigue correction factors.
Formulas for calculating the environmental life correction factors are contained in NUREG/
CR-6583 for carbon and low-alloy steels and in NUREG/CR-5704 for austenitic stainless
steels.
The EPRI FatiguePro software program was customized to monitor fatigue-critical locations
in the surge line and pressurizer lower head in the Ginna plant. An analysis was performed
based on available template sets of real plant data to determine the incremental fatigue usage
factor for known plant transients, including the effects of "insurge/outsurge" and environmentally-assisted fatigue (EAF). Cumulative usage factor for the operating life of the plant
were computed based on the results of real plant data, and expected future usage was computed using projections of expected plant cycles.

Page 22 of 26

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 18 UPDATED FINAL SAFETY ANALYSIS REPORT SUPPLEMENT FOR LICENSE RENEWAL

The technical approach is summarized as follows:
•

The flow rate in the surge line was computed based on a mass balance approach, using the
incoming spray demand and the rate of change of the pressurizer water level, taking into
account temperature effects.

•

A 2-dimensional model was created to take into account (a) the advance and time delay of
colder water from the hot leg into the surge line and lower head of the pressurizer, and (b)
the heat transfer between the fluid and metal.

•

Finite element models (including thermal sleeves in the pressurizer surge nozzle and hot leg
RCS surge nozzle) were created to compute stress responses to step changes in temperature
at various zones in the pressurizer. Stresses could then be computed based on the calculate
fluid temperatures at the various zones in the pressurizer and surge line.

•

The stress history was used to compute fatigue usage in FatiguePro.

Real plant data from various heatup/cooldown cycles since 1996 were analyzed to compute
incremental fatigue usage for a heatup/cooldown cycle. The location with the highest fatigue
usage in the pressurizer bottom head was determined to be the heater tube-to-lower head
(penetration) weld. For the heater penetration location, the primary stress transient is not due
to insurge and outsurge, but rather the general thermal expansion stress that arises from the
global heatup and cooldown of the pressurizer. This location is a stainless steel weld to the
tube and clad very close to the low alloy steel pressurizer shell. A high steady state dissimilar
metal thermal expansion stress is established during the heatup and is relaxed during the
cooldown. It is of a magnitude that overwhelms the small stress additions coming from
insurges and outsurges of fluid. The next most fatigue sensitive location is the pressurizer
surge nozzle. This location is affected most by insurges and outsurges, having essentially no
steady state stress. This location has a much smaller stress concentration effect than the
heater weld.
The cumulative usage factors for the heater penetration, pressurizer surge nozzle and surge
line nozzle-to-RCS hot leg connection were calculate and the results are as follows:
PRESSURIZER HEATER PENETRATION
Material:

Type 316 Stainless Steel

Usage Factor (60 yearsa):

0.048

Maximum Environmental Factor:

15.35

Usage Factor (60 years):

CUF60env = 0.74

PRESSURIZER SURGE NOZZLE
Material:

SA 376 Type 316 Stainless Steel

Page 23 of 26

Revision 27 11/2017

GINNA/UFSAR

CHAPTER 18 UPDATED FINAL SAFETY ANALYSIS REPORT SUPPLEMENT FOR LICENSE RENEWAL

PRESSURIZER SURGE NOZZLE
Usage Factor (60 yearsa):

6.276 x 10-7

Maximum Environmental Factor:

15.35

Usage Factor (60 years):

CUF60env = 9.633 x 10-6

RCS HOT LEG SURGE NOZZLE

a.

Material:

SA 376 Type 316 Stainless Steel

Usage Factor (60 yearsa):

0.0132

Maximum Environmental Factor:

15.35

Usage Factor (60 years):

CUF60env = 0.2022

note: Fatigue usage factor was calculated based on 200 heatup and cooldown cycles.
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Renewal", dated January 13, 2009.

14.

Letter from Joseph E. Pacher, Ginna LLC, to Document Control Desk (NRC), "License
Renewal Aging Management Reactor Vessel Internals Program," dated February 27,
2009.

15.

Letter from Thomas G. Mogren, Constellation Energy Group R.E. Ginna Nuclear Power
Plant, LLC, to Document Control Desk (NRC), “R.E. Ginna Nuclear Power Plant,
License Renewal Aging Management Withdraw Reactor Vessel Internal Program
Document and Commit to Submit to Revised Reactor Vessel Internals Program
Document in Accordance with RIS 2011-07,” Dated September 13, 2011.

16.

Letter from Thomas G. Mogren, Constellation Energy Nuclear Group, LLC EDF Group
R.E. Ginna Nuclear Power Plant, LLC, to Document Control Desk (NRC), “R.E. Ginna License Renewal Aging Management, Submit Revised Reactor Vessel Internals Program
Document in Accordance with RIS 2011-07,” Dated September 28, 2012.
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