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File: 115-8

Mr. Carl Larson
Nuclear Engineer
Consolidated Edison Company of
New York, Incorporated
4 Irving Place
New York, New York 10003
Dear Mr. Larson:
Pursuant to your request, we have prepared a study of
flooding at the site of the Indian Point Nuclear Unit #3.
The study gives a summary of the findings for two critical
cases: maximum rainfall concurrent with dam failure at
ebb tide, and hurricane surge concurrent with spring high
tide.
We are submitting a draft of the study for your approval.
Please call me if there are any questions or suggestions
concerning the report.
Very truly yours,
QUIRK, LAWLER & MATUSKY ENGINEERS

Michael Disko
MD: jr
Enclosure
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SUMMARY OF FINDINGS, CONCLUSIONS & RECOMMENDATIONS

1.

In Supplement 10, Indian Point Unit No. 3, AEC Docket 50-286,
QUIRK, LAWLER AND MATUSKY ENGINEERS reported preliminary and
extremely con-servative results for two conditions which
would govern the maximum water elevation: flooding con
current with dam failures and ebb tide, and flooding resulting
from hurricane surge concurrent with spring high tide.
was noted that the hurricane surge-analysis
In that
was
basedreport
on- a it
theory
applicable to conditions of open seas
and neglected frictional resistance in the Hudson River
Channel.
values have been reduced, in both cases, as
preliminary
The
a result
of a new
study which considered surrounding
topography, land use-, river geometry and frictional losses.

2.

The maximum water surface elevation resulting from flooding
due to heavy rainfall concurrent with dam failure and ebb
tide has been reduced by revising the estimate for surface
runoff. The flow resulting from runoff produced by the
14 inch rainfall in 72 hours is now conservatively estimated
at 397,000 cfs. The total combined flows are 1,457,000 cfs,
with a corresponding river surface elevation 11.7 ft.
above M.S.L. This condition is not critical.

3.

The water elevation at Indian Point resulting from the
occurrence of a probable maximum hurricane concurrent with
spring high tide is again critical. Using the general
equations for surge in an estuary, presented in a paper
by J. Proudman, an internationally respected oceanographer,
a procedure to route the hurricane surge through the Hudson
Estuary was developed. This procedure considered channel
frictional resistance, geometric changes in cross-section,
and estuary storage of the surge flow. The large storage
capacity of Haverstraw Bay acts as an on-line reservoir to
attenuate the hurricane surge as it flows toward Indian
Point.
A conservative estimate of the routed hurricane surge
height at Indian Point is 8.8 feet above mean tidal level,
with an additional surge due to wind setup of 1.0 ft., and
combined with a spring high tide of 3.0 feet. The total
calculated elevation is 13.5 ft. above mean sea level.
In addition, estimated local oscillatory waves will reach a
height of 1.0 feet above the calculated level in the river.
Provision should be made for protecting any structures and
appurtenances from this 1.0 ft. wave action above the 13.5
ft. mean sea level calculated elevation.
5
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4.

The analysis for surge elevation is based on the selection
of a maximum probable hurricane from a range of meteoro
logical parameters listed by the Weather Bureau. A probable
maximum hurricane is a hypothetical storm having a combi
nation of parameters which will make it a severe storm for
the particular geographical area involved. The Weather
Bureau estimates that the recurrence interval of a PMH is
from 1,000 to 10,000 years.,
Recorded hurricanes display a range of distribution of
parameters. For example, past hurricanes with high central
pressures exhibit a range of velocities which cluster about
a weighted mean value. Extending this logic to a hurricane
with critical low central pressures, the Weather Bureau
lists a corresponding range and mean of meteorological para
meters for a PMH.
The weighted mean parameters of the PMH were used in all
QL&M computations for hurricane surge elevation. The
computed value for water surface elevation using these
parameters is about double the height of the measured high
water level recorded during a past hurricane at Indian
Point.
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I. EVENTS LEADING TO THE REPORT

Consolidated Edison Company of New York, Incorporated, has requested
that Quirk, Lawler & Matusky Engineers, Environmental Science &
Engineering Consultants, (QL&M), restudy in depth the maximum water
elevations that can occur as a result of possible flooding conditions
at the site-of the Indian Point Nuclear Generating Unit No. 3.
In Supplement 10, Indian Point Unit No. 3, AEC Docket 50-286, QL&M
investigated two conditions of flooding, which the Atomic Energy
Commission indicated would govern the maximum water elevation;
1.

Flooding from maximum rainfall concurrent with dam failure at
Sacandaga and Ashokan Reservoirs and flow at ebb tide.

2.

Flooding resulting from the probable maximum hurricane con
current with spring high tide.

Preliminary analysis based on highly conservative estimates showed
the maximum water elevation to be 16 ft. above M.S.L. for the case
of maximum rainfall, dam failure and ebb tide, and 19.3 ft. above
M.S.L. for the case of hurricane surge and spring high tide. These
preliminary values have been reduced, in both cases, as a result of
an in-depth study which considered the actual conditions of surround
ing topography, ground cover, river geometry and losses due to
friction.
In particular, the estimate for flow rate produced by the maximum rain
fall was reduced by consideration of the predominately agricultural
and forestal nature of the upper Hudson watershed. The predicted
maximum rainfall of 14 inches per 72 hours is an intensity of 0.195
inches per hour.
Much of this low intensity rainfall will infiltrate into the groundwater
table. Typical values of the infiltration capacity of soils are the
following: sandy or open structured soil, 0.5 to 1.0 inches per hour;
loam, 0.1 to 0.5 inches per hour; and clay or dense structured soil
0.01 to 0.1 inches per hour.
Rise of river stage as a result of an increased groundwater table is
delayed by long time periods and does not add to peak flow conditions
resulting from surface runoff. The flow of surface runoff, resulting
from the maximum rainfall, occurs over a period of days as a result
of depression storage, detention storage, the time required for
overland flow, and routing through tributaries into the main river
channel. Hence the peak runoff that can occur in the Hudson River
at Indian Point is a small part of the total volume of water entering
the watershed during the 14 inch rainfall.
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Realistic, but conservative, computations now show that the water
elevation resulting from the maximum rainfall concurrent with dam
failures and ebb tidal flow is not critical at Indian Point.
The hurricane surge concurrent with spring high tide controls the
design elevation. Prior estimates for surge height employed an
analysis which was valid for open sea or bay areas where the maximum
energy from winds can be transferred into slope changes in the water
surface through the mechanism of shear stress on the water surface.
The surge computed by this procedure neglected the effect of friction
in the river bed and the large storage capacity of Haverstraw Bay.
The effect of friction and channel storage is to attenuate the peak
water elevation of the surge as it travels up the Hudson Estuary.
II.

Maximum Water Elevation for the Flooding Condition Resulting
from Heavy Rainfall Concurrent with Dam Failure and Ebb Tide

Determination of Flow
The flood flow under this condition will include three components
which are additive.
The first of these components is the tidal flow occurring at ebb
tide. Velocity measurements at Peekskill have shown that maximum
ebb flow can reach 275,000 cfs. 1 The maximum ebb tidal flow is
always greater than the maximum flood tidal flow because the former
is increased by the additional river flow present in the Hudson.
The second flow component results from dam failure of Sacandaga,
Indian Lake, Hinkley, Gilboa aid Ashokan Reservoirs, the largest
reservoirs in the basin. Indian Lake, Hinkley and Gilboa Reser
voirs are all farther from Indian Point than is Sacandaga. Con
servatively high flows were obtained by locating these three
reservoirs at Sacandaga.
Sacandaga Reservoir is located 200 miles upstream of Indian Point.
This reservoir is operated by the Hudson River-Black River Regulating
District. Combined volume of these four reservoirs is approxi
mately 50 X 109 cubic feet.
Flow associated with dam failure at each reservoir was computed by
dividing the total reservoir volume by the emptying time. Analysis
has shown the emptying time of the reservoir to be on the order of
one day. Both dams were assumed to fail so that the two computed
flows would arrive at Indian Point simultaneously. The flow due to
dam failure is 785,000 cfs.
This approach is considered to be very conservative. This flow
really only represents the average flow past the broken dam. As the
iQuirk, Lawler & Matusky Engineers- "Hudson River Dispersion
Characteristics" - Progress Report to Consolidated Edison Co. of
New York, October 1965
Supplement 1
-810/69

QUIRK,LAWLER & MATUSKY ENGINEERS

-3

water moves downstream and spreads out, it is stored over the vast
surface area between the dam and Peekskill. Since the total volume
of water is limited to the reservoirs' contents, the computed flows
cannot be maintained.
The third flow component is the runoff resulting from heavy rainfall
over the basin drainage area.
Although no study has been undertaken to determine the probable
maximum precipitation for the Hudson River Basin, one has been
completed for the adjacent Susquehanna Basin. 2 Since the basins
have similar topography and are adjacent, the findings and procedures
outlined inthis report were used to determine a probable maximum
rainfall of 14 inches in 72 hours for the Hudson Basin at Indian
Point. This is a rainfall intensity of 0.195 inches per hour. The
14 inch rainfall in 72 hours is a very conservative value compared
to the average annual precipitation of about 40 inches over the
Hudson River drainage basin.
Applying this rainfall intensity over the tributary drainage area
above Indian Point, with a runoff coefficient of 30%, the resulting
flow is 397,000 cfs.
Typical values of the runoff coefficient for different types of
land use are the following: suburban residential districts, 25% to
40%; parks, 10% to 25%; undeveloped areas, forests, farmlands, 5% to
25%. Since the predominate character of the upper Hudson River
drainage basin is forestal and agricultural in nature, the selected
value of the runoff coefficient is conservative.
Expressing the 397,000 cfs on a unit area basis, the runoff is 37.8
cfs per square mile. The 397,000 cfs value is about 40% higher than
the maximum estimate of 285,000 cfs occurring during the worst flood
at Indian Point in the past.
The total flow at Indian Point is the addition of the three components
summarized in the following table:
ComponentFlow at Indian Point
1.

Maximum ebb tide

275,000 cfs

2.

Flow caused by dam failure

785,000 cfs

3.

Flow caused by maximum rain
Total flow at Indian Point

397,000 cfs
1,457,000 cfs

2 Hydrometeorological Report No. 40, "Probable Maximum Precipitation,
Hyrome
Susquehanna River Drainage Basin, Above Harrisburg, Pa."
teorological Branch, Office of Hydrology, U. S. Weather Bureau,
(May 1965)
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Determination of the Water Elevation
The determination of the water elevation at Indian Point employed
the use of the Manning open Channel Flow Equation. The application
of the Manning Equation is valid since it can be shown that the
Hudson River at extreme flow behaves as an open channel under
uniform flow conditions.
For the maximum flow and a roughness coefficient of 0.030, the
channel depth will be 52.4 ft. The hydraulic depth at Indian Point
is about 4Oft. at M.L.W. Relating this to M.S.L. datum, the
calculated elevation will be 11.7 ft. See computations, Page 39,
Appendix A.
The normal channel width of 4,000 ft. was used with the assumption
that it would remain constant as the water elevation increased.
This is a conservative approach in that it does not allow for the
lateral spread in the water.
The channel bottom slope was determined to be 0.0001 and constant.
The following table summarizes the results of this analysis:
Maximum
Downstream
Flow
(cfs)

Channel
Hydraulic Depth
(ft)

11

52.4

1,457,000

Calculated
Elevation
(msl datum)
.7

This water surface elevation resulting from the maximum rainfall
concurrent with dam failures and ebb tidal flow at Indian Point
is lower than the routed hurricane surge described below.
III.

The Water Elevation at Indian Point Resulting from the occurrence
of A Probable Maximum Hurricane Concurrent with Spring High Tide

Hurricane Parameters
0
The probable maximum hurricane (pmh) for zone 4, latitude 41 N, as
defined by the United States Weather Bureau, has the following
meteorological characteristics.

Central Pressure

27.26 inches of Hg

Radius of Maximum Winds

24 nautical miles (weighted mean)
8 nautical miles (min. limit)
48 nautical miles (max. limit)

Forward Speed of Hurricane

34 knots
15 knots
51 knots

Maximum Wind Speed

-10-

(weighted mean)
(min. limit)
(max. limit)

124 mph to 136 mph
127 mph (at mean forward speed)
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Inspection of published data showed that the vast majority of the
hurricane parameters cluster around the mean values reported above.3
The minimum and maximum ranges represent the limits of the frequency
distribution of the parameters as defined by isolated storms.
Parameters used in the analysis included a forward speed of 34
knots, a radius to maximum wing of 24 nautical miles, and a maximum
wind speed of 127 mph. These values represent a probable maximum
hurricane with a recurIence interval estimated within the range of
1,000 to 10,000 years.
It should be noted that the very low probability of occurrence of
the pmh must be multiplied by the probability of occurrence of
spring tides, which occur twice in .a lunar cycle of approximately
one month, in order to determine the probability of occurrence of the
hurricane surge concurrent with maximum high tides. The resulting
flooding condition is, therefore, very conservative.
For this hurricane, procedures published by the U. S. Army Coastal
Engineering Research Center 4 were used to determine the surge
height at the Battery.
Summary of Procedures Employed
The initial step involved the construction of the isovel field for
the meteorological characteristics of the pmh. The field was
constructed using standard procedures developed by the U. S. Weather
Bureau in the aforementioned report.
Following the construction of this field, the wind stresses for
several lines passing through the hurricane and parallel to the
direction of its movement were computed. The stress coefficient
for a hurricane moving over a sloping bottom was used. The maximum
wind stresses occur on a line which passes through the radius of
maximum winds.
The maximum wind stresses were routed along several tracks along the
Atlantic Coast, to determine which track would produce the highest
surge at Sandy Hook. After selecting this critical hurricane track,
the maximum hurricane stress was then routed through New York Harbor
to the Battery.
The greatest surge height resulting from the probable maximum hurricane
3 Interim Report - Meteorological Characteristics of Probable Maximum
Hurricane, Atlantic and Gulf Coasts of the United States. U. S.
Department of Commerce, Weather Bureau 10/2/68
4 U. S. Army Coastal Engineering Research Center, "Technical Report
No. 4

-

Shore Protection, Planning & Design - 1966 p. 129-144

-11-.
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was computed to be approximately 15.6 feet in New York Bay. This
calculation agrees with a published estimate of a maximum surge of
15.3 feet by B. Wilson. 5
Using an additional stage increase of 1.9 feet due to a condition of
atmospheric pressure reduction, the estimated surge in New York Bay
is 17.5 feet above mean sea level. A stage-time hydrograph was
estimated according to the variation predicted by Wilson.
J. Proudman 6 , solved the general equations of motion and continuity
for a long progressive wave in an estuary. He developed an equation
to compute stage at any point in an estuary as a function of an
input stage variable at the estuary's mouth.
Using Proudman 'z equation for the case of an estuary where the product
of base width multiplied by celerity at various cross-sections are
similar, a routing of a critical hurricane stage hydrograph was made
from the Battery to Dobbs Ferry. This reach is essentially uniform.
However, the reach from Dobbs Ferry through Haverstraw Bay, to Indian
Point is approximately double the width of the former reach. This
allows considerable attenuation of the hurricane surge as a result of
the increased channel storage. In this latter reach, a more complex
procedure was used to route the Dobbs Ferry stage-time hydrograph
upstream to Indian Point.
The surge routing procedure employed considers the effect of friction
in the channel, and the large storage capacity of Haverstraw Bay.
Haverstraw Bay acts as an on-line reservoir to attenuate any surge
condition.
The attenuated surge stage at Indian Point is approximately 8.8 ft.
above mean tidal level. The calculated subsidence is affected
somewhat by variations in the channel cross-section and the assumed
resistance formula. Values of depth and width were computed at
channel sectiQns where the river's geometry changed. Linear vari
ations were assumed at intermediate sections. The channel was
divided into eleven reaches between the Battery and Indian Point.
Prior calculations show that the additional increase in'surg&-height
due to the-forwardt'advance of the hurriaane from the Battery to
Indian Point was about 1.0 feet. These calculations assumed that
the hurricane would essentially follow a direction parrallel to the
Hudson, but that winds would be reduced somewhat by the sheJl.tering
topography surrounding the River..
5 Wilson,

B., "The Predication of Hurricane Storm-Tides in New York
Bay," Technical Memorandum No. 120, Beach Erosion Board, Corps of
Engineers, 1960

6 Proudman,

J., "The Propagation of Tide and Surge in an Estuary,"
Proceedings of the Royal Society, Vol 231A, Pages 8-24, 1955
-12-
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The basic theory used was the Corps of Engineers' procedure for
surge routing in open seas.
In-the evaluation of the maximum surge height, it should be remembered
that the wind which produces the storm surge, also produces os
cillatory short period waves. Calculations for the area downstream
from Indian Point show that the maximum fetch length for wave
development is 6.85 miles. In order to transfer energy fully. from
wind to water, a high speed wind must exist for a minimum duration
of many hours or days. The short duration of high speed winds as
the hurricane passes the critical Indian Point fetch reduces the
height of waves. Increased stage is conservatively estimated at
1 foot.
It is possible for the hurricane surge to occur at high tide con
ditions. The spring high tide at Indian Point is estimated to
increase the stage by 3.0 feet above M.T.L. (very conservative).
The routed surge and water elevations for the probable maximum hur
ricane moving along a critical track to Indian Point are summarized
below:
Elevation
Routed Hurricane Stage

8.8 feet

Additional surge due to wind set up
from the Battery to Indian Point

1.0 feet

Spring high tide

3.0 feet
12.8 feet above M.T.L.
or
13.5 feet above M.S.L.

Estimated maximum local oscillatory
wave height above M.S.L.

1.0 feet

The routed hurricane surge elevation of 13.5 feet exceeds the 11.7
feet elevation computed for the flood runoff conditon and is there
fore considered to be the controlling elevation for flood protection.
Historical records of flooding at Indian Point show that the extreme
high water mark of 7.4 feet above M.S.L. occurred during the
November 25, 1950 hurricane. Unfortunately, data concerning water
elevations at both the Battery and Indian Point are meager.
A general idea of the magnitude of surge reduction in the Hudson
Estuary can be obtained from the depth increases between mean tidal
level to mean high water. At the Battery, the depth increases by
2.3 ft., and at Indian Point, by 1.5 ft. This is a ratio of
about 1.5. The corresponding ratio of the 17.5 ft. hurricane
surge at the Battery to the attenuated 9.8 surge at Indian Point
-13-
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is about 1.8. The 1.8 ratio is reasonable, since a higher surge
travels at a faster velocity, with greater friction losses than
a lower surger.
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APPENDIX A
Calculations and Figures for
Hurricane Surge Routing

-15-
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3)

All reactor vessel studs, nuts and washers are removed to dry
storage during refueling.

4)

Removable plugs are provided in the primary shield just above
the coolant nozzles, and the insulation covering the nozzle
welds is readily removable.

5)

Access holes are provided in the lower internals barrel flange to
allow remote access to the reactor vessel internal surfaces
between the flange and the nozzles without removal of the internals.

6)

A removable plug is provided in the lower core support plate to
allow access for inspection of the bottom head without removal of
the lower internals.

7)

The storage stand provided for storage of the internals allows for
inspection access to both the inside and outside of the internals.

8)

The station provided for changeout of control rod clusters from
one fuel assembly to another is specially designed to allow
inspection of both fuel assemblies and control rod clusters.

9)'

The control rod mechanism is specially designed to allow removal of
the mechanism assembly from the reactor vessel head.

10)

Manways are provided in the steam generator, steam drum and channel

11)

head to allow access for internal inspection.
A manway is provided in the pressurizer top head to allow access
for internal inspection.

12)

All insulation on primary system components (except the reactor
vessel) and piping (except for the penetration in the primary-shield)
is removable.

The use of conventional non-destructive, direct visual and remote visual
test techniques can be applied to the inspection of all primary loop
components except for the reactor vessel. The reactor vessel presents
special problems because of the radiation levels and remote underwater
accessibility to this component. Because of these limitations on access

4.5-7

to the reactor vessel, several steps have been incorporated into the
design and manufacturing procedures in preparation for non-destructive
test techniques which may be available in the future. These are:

1)

Shop ultrasonic examinations are performed on all internally cl ad
surfaces to an acceptance and repair standard to assure an
adequate cladding bond to allow later ultrasonic testing of the
base metal.

2)

Size of cladding bonding defect allowed is 3/4 inch.

The design of the reactor vessel shell in the core area is a clean,
uncluttered cylindrical surface to permit future positioning of
test equipment without obstruction.

3)

Reactor Vessel Post-Operational Ultrasonic Testing

-

During the

manufacturing stage, selected areas of the reactor vessel are
ultrasonic tested and mapped to facilitate the in-service inspection
program.
The area selected for ultrasonic testing mapping include:

a)

Vessel flange radius, including the vessel flange to upper
shell weld

b)

Middle shell course

C)

Lower shell course above the radial core supports
Exterior surface of the closure head-from the flange knuckle

d)

to the cooling shroud
e)

Nozzle to upper shell weld

f)

Middle shell to lower shell weld

g)

Upper shell to middle shell weld

The pre-operational ultrasonic testing of these areas is performed
on individual components at any stage of manufacturing where the
clad components or sub-assemblies have undergone an interstage stress
relief operation.

4.5-8

Various 'tests are currently underway to determine the effect of cladding
surface finish on ultrasonic inspectability of vessel material.
The exact procedures for in-service inspection will be specified in the
Technical Specifications; tentative plans include the use of''visual inspections,
ultrasonic, magnetic particle and dye pen .etrant testing of selected parts
during refueling periods.
The internal surface of the reactor vessel is inspected periodically using
optical devices over the accessible areas. During refueling, the vessel
cladding can be inspected in certain areas between the closure flange
and the primary coolant inlet nozzles, and, if deemed necessary by this
inspection, the core barrel could be removed making the entire inside
vessel surface accessible. If more advanced inspection methods (such
as a means for ultrasonic testing) are successfully developed for the
vessel, these methods will be employed as required. In order to facilitate
this test program, critical areas of the reactor vessel are mapped by
ultrasonic testing examination during the fabrication phase and it is
intended that this map will serve as a reference base for subsequent ultrasonic
tests.
Externally, the control rod drive mechanism nozzles on the closure head,
the instrument nozzles on the bottom of the vessel and the extension spool
pieces on the primary coolant outlet nozzles are accessible for visual,
magnetic particle or dye penetrant inspection during refuelings.
The closure head is examined visually during each refueling. Optical
devices permit a selective visual inspection of the cladding, control
rod drive mechanism nozzles, and the gasket seating surface. The knuckle
transition piece, which is the area of highest stress of the closure head,
also is accessible on the outer surface for inspection by visual, dye
penetrant means and also ultrasonic testing if required.

4.5-9

The closure studs are inspected periodically using either magnetic
particle tests and/or ultrasonic tests.

The program dealing with the frequency of inspection and the methods for
such inspections is defined in the Technical Specifications.

Table 4.5-2 summarizes tentative plans for in-service inspection of the
reactor. vessel.

Programs for inspection of the other primary loop

components are given in the Technical Specifications.

0

4.5-10

TABLE 4.5-1
REACTOR COOLANT SYSTEM
QUALITY ASSURANCE PROGRAM
Component
1.

2.

RT*

Steam Generator
1.1 Tube Sheet
1.1.1 Forging
1.1.2 Cladding
1.2 Channel Head
1.2.1 Casting
.1.2.2 Cladding
1.3 Secondary Shell & Head
1.3.1 Plates
1.4 Tubes
1.5 Nozzles (forgings)
1.6 Weldments
1.6.1 Shell, longitudinal
1.6.2 Shell, circumferential
1.6.3 Cladding (Channel Head
Tube Sheet joint cladding
restoration)
1.6.4 Steam and Feedwater
Nozzle to shell
1.6.5 Support brackets
1.6.6 Tube to tube sheet
1.6.7 Instrument connections
(primary and secondary)
1.6.8 Temporary attachments
after removal
1.6.9 After hydrostatic test
(all welds and complete
channel head)
1.6.10 Nozzle safe ends
(if forgings)
1.6.11 Nozzle safe ends
(if weld deposit)
Pressurizer
2.1 Heads
2.1.1
-2.1.2
2.2 Shell
2.2.1
2.2.2
2.3 Heaters
2.3.1
2.3.2
2.4 Nozzle

UT*

PT*

yes M
yes

yes(++)

yes

MT*

ET*

yes
yes

yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
yes

yes
yes

yes

Casting
Cladding
Plates
Cladding
Tubing (
Centering of element

yes

yes

yes

yes

yes

(+)

Flat Surfaces Only
(++) Weld Deposite Areas Only
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TABLE 4.5.1 (Continued)
Component
2.5 Weldments
2.5.1 Shell, longitudinal
2.5.2 Shell, circumferential
2.5.3 Cladding
2.5.4 Nozzle Safe End
(if forging)
2.5.5 Nozzle Safe End
(if weld deposit)
2.5.6 Instrument Connections
2.5.7 Support Skirt
2.5.8 Temporary Attachments
after removal
2.5.9 All welds and cast heads
after hydrostatic test

RT*

UT*

PT*

MT*

ET*

yes
yes

yes
yes
yes
yes

yes

yes
yes

2.6 Final Assembly
2.6.1 All accessible weld surfaces
after hydrostatic test
3.

4.

Primary Coolant Piping
3.1 Fittings (Castings)
3.2 Fittings (Forgings)
3.3 Pipe
3.4 Weldments
..
3.4.1 Circumferential
3.4.2 Nozzle to run pipe
(no RT for nozzles less
than 3 inches)
3.4.3 Instrument connections

yes
yes
yes

yes
yes

yes
yes

yes

yes
yes
yes
yes

yes

yes
yes

Pumps
4.1 Casting
4.2 Forgings
4.2.1 Main Shaft
4.2.2 Main Studs
4.2.3 Flywheel (Rolled Plate)
-.1
4.3 Weldments
4.3.1 Circumferential
4.3.2 Instrument connections

5.

yes
yes

Reactor Vessel
5.1 Forgings
5.1.1 Flanges
5.1.2 Studs
5.1.3 Head Adapters
5.1.4 Head Adapter Tube
5.1.5 Instrumentation Tube
5.1.6 Main Nozzles
5.1.7 Nozzle Safe Ends
(If forging is employed)

yes
yes
yes
yes
yes
yes
yes

yes
yes

yes
yes
yes

0
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TABLE 4.5.1 (Continued)
Component

RT*

5.2 Plates
5.3 Weldments

5.3.1
5.3.2
5.3.3
5.3.4
5.3.5
5.3.6
5.3.7
5.3.8
5.3.9
6.

RT

UT
PT
MT
ET

(+++H)

PT*

yes

Main Seam
yq
CRD Head Adapter Connection
Instrumentation tube
connection
Main nozzles
y es
Cladding
Nozzle-safe ends
y es
(If forging)
Nozzle safe ends
yE=S
(If weld deposite)
Head adaptor forging
y es
to head adaptor tube
All welds after hydrotest

MT*

ET*

yes
yes
yes
yes
yes

yes

yes
yes

yes
yes

Valves
6.1
6.2

(+)
(++-)

UT*

Castings
Forgings
(No UT for valves two inch and
smaller)

yes
yes

yes
yes

Radiographic
Ultrasonic
Dye Penetrant
Magnetic Particle
Eddy Current

Flat Surfaces Only
Weld Deposit Areas Only
UT of Clad Bond-toBase Metal
Or a UT and ET
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4/70

TABLE 4.5-2

IN-SERVICE INSPECTION PLANS
Inspection
Area

Method of
Inspection

1.

Reactor Vessel Head

Direct Visual and
limited dye penetrant

2.

Reactor Vessel Studs

Magnetic Particle
and/or Ultrasonic

3.

Reactor Vessel Cladding
between Closure Flange
and Primary Coolant
Outlet Nozzles

Remote Visual

4.

Reactor Vessel Head
Adaptors

Direct Visual
Dye Penetrant

5.

Bottom In strument Tubes

Direct Visual
Dye Penetrant

6.

Nozzle Safe-Ends

Direct Visual
Dye Penetrant

Frequency of inspection is defined in the Technical Specifications.

All:components inside containment are capable of withstanding or are protected
from differential pressures which may occur during the rapid pressure rise
to 47 psig in ten (10) seconds.

The lines of the system are protected

from missile damage by the concrete crane wall and operating floor.

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 reistant material.

The Containment Spray System shares the refueling water storage tank capacity
with the Safety Injection System.

For a detailed description of this tank

see Section 6.2.

Pumps
The two containment spray pumps are of the horizontal centrifugal type
driven by electric motors.

The design head of the pump is sufficient to continue at rated capacity,
with a minimum level in the refueling water storage tank, against a head
equivalent to the sum of the design pressure of the containment, the head
to the uppermost nozzles, and the line and nozzle pressure losses.

Pump

motors are direct-coupled and large enough for maximum power requirement
of the pump.

The materials of construction are suitable for use in sodium

hydroxide and mild boric acid solutions, such as stainless steel or equivalent
corrosion resistant material. Design parameters are presented in Table
6.3-1 and the containment spray pump characteristics are shown on Figure 6.3-1.

The containment spray pumps are designed in accordance to the specifications
discussed for the pumps in the Safety Injection System, Section 6.2.

The recirculation pumps of the Safety Injection System, which provide flow
to the Containment Spray System during the recirculation phase, are described
in Section 6.2.

6.3-9
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Details of the component cooling pumps and service water pumps, which serve
the Safety Injection System, are presented in Section 9.

Heat Exchangers

The two residual heat exchangers of the Safety Injection System which are
used during the recirculation phase are described in Section 6.2.

Spray Nozzies

The spray nozzles, which are of the ramp bottom design, are not subject
to clogging by particles 1/4 inch in maximum dimension, and are capable
of producing a surface area averaged drop diameter of approximately 1000
microns at 40 psi differential pressure.

With the spray pump operating

at design conditions and the containment at design pressure the pressure
drop across the nozzles will exceed 40 psi.

During spray recirculation operation, the water is screened through a 1/4
inch mesh before leaving the containment sump.
steel and have a 3/8 inch diameter orifice.
to four 3600
(El. 228.5'),

ring headers

The spray nozzles are stainless

The nozzles are connected

(alternating headers connected) of radii 8'2"

25'4" (El. 223.5), 42'3" (El. 218.5) and 59'6"

There are 315 nozzles distributed on the four headers.

(El. 213.5).

This nozzle and

header arrangement results in maximum area coverage with either branch
of the system operating alone, while assuring minimum overlap of spray
trajectories in the minimum flow case (Section (Section 14).

Spray Additive Tank

The capacity of the stainless steel tank is sufficient to contain enough
sodium hydroxide solution which, upon mixing with the refueling water from
the refueling water storage tank, the boric acid from the boron injection

6.3-10

Supplement 7
3/70

Conduit (Connection) Box

The motor leads are brought out of the frame through a seal and into a sealed

conduit box.

Factory Tests
In addition to the usual quality control tests which are performed to give
assurance that the motors meet design specifications, special tests have
been performed to demonstrate that insulation margins are built in as ex
pected.

The completely wound stators have been given a special high poten

tial test to ground.

The stators were immersed in water, meggered and given

a high potential test while immersed.

After passing the water tests, the

motor was baked and given a final coating dip.

The stator and rotor were

then again baked.

Charcoal Filters

The charcoal filters are fabricated with stainless steel frames filled with
The cell construction insures compacted

impregnated, activated charcoal.

carbon beds of uniform density and thickness.

The design flow rate through each carbon filter unit is 8,000 cfm, at a face
velocity of approximately 50 fpm.

These units are designed to remove at

least 5% of the incident radioactive iodine in the form of methyl iodide

(cH31) (1), (2)
Each of the five charcoal filter units consists of an airtight plenum containing
a single bank of charcoal filter cells.

Air flow enters the plenum through

one end, passes through ductwork into the main distribution header.

Only

8,000 cfm of the total 65,000 cfm actually enters the 12 carbon cells.

The

remainder is by-passed through perforate plates having the same pressure
drop as the carbon cells.

An open flow area in the plenum of n16% will

balance the pressure drop between the perforated plate and the carbon
cells used.

The perforated plate will be 13 gage with a 15-1/2% open

area formed by 5/16 in. holes on 0.756 in. staggered centers.

6.4-17

The plates
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will be cut to the size of the carbon cell seal flange and held in place by
the fasteners used to hold the carbon cell.

(See Figure 6.4-2.)

Seal plates

are used to block off flow area to achieve the proper flow areas.

The individual filter cells are of the "flat-bed" type of construction, with
two 2-inch thick horizontal charcoal elements separated by a 2-inch 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
to provide flanges for clamping in the mounting frame.
slots are cut in the front face to permit air flow.

Several rectangular

Each filter cell provides

approximately 12.3 sq. ft. of active surface area for air flow and
contains approximately 2 cu. ft. of charcoal. The charcoal used is MSA
type 85851.

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 12 cells in a 2 ft. wide by 6 ft. high array.
The downstream mounting racks arrangement permits removal of individual cells
from the side of the plenum.

Perforate and seal plates fill the remainder

of the flow area.

The duct connections are flexible to prevent transmissions of duct vibration
to the filter units.

The filter units are designed to withstand the maximum differential pressure
developed by the fans under accident conditions without developing internal
leaks or being dislodged from their frame seals.

CharcoalFilter Dousing System

The spray water dousing system inside the charcoal filter plenums is of
stainless steel and copper construction.

6.4-18

This system provides three
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Required continuous electrical supply is discussed in Section 8.

Protection Against Multiple Disability for Protection Systems

Criterion:

The effects of adverse conditions to which redundant channels
or protection systems might be exposed in common, either under
normal conditions or those of an accident, shall not result
in loss of the protection function or shall be tolerable on
some other basis.
(GDC 23)

The components of the protection system are designed and laid out so that
the mechanical and thermal environment accompanying any emergency situation
in which the'components are required to function does not interfere with
that function.

Separation of redundant analog protection channels originates at the
process sensors and continues back through the field wiring and containment
penetrations to the analog protection racks.

Physical separation is used

to the maximum practical extent to achieve separation of redundant
transmitters.

Separation of field wiring is achieved using separate wireways,

cable trays, conduit runs and containment penetrations for each redundant
channel.

Redundant analog equipment is separated by locating redundant

components in different protection racks.

Each channel is energized

from a separate a-c instrument bus.

Demonstration of Functional Operability of Protection Systems

Criterion:

Means shall be included for suitable testing of the active
components of protection systems while the reactor is in opera
tion to determine if failure or loss of redundancy has
occurred. (GDC 25)

The signal conditioning equipment of each protection channel in service at
power is capable of being tested and tripped independently by simulated
analog input signals 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.

7.2-7

Testing of the diesel-generator starting may be performed from the
diesel-generator control board.

The generator breaker is not closed

automatically after starting during this testing.

The generator may be

manually sychronized to the 480 volt bus for loading.

Complete testing

of the starting of diesel generators, can be accomplished by tripping the
associated 6900 volt undervoltage relays and providing a coincident simulated
safeguards signal.

The ability of the units to start within the

prescribed time and to carry load can be periodically checked.

(The

electrical system is discussed in more detail in Section 8.2.3).

Protection Systems Failure Analysis-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 system, loss of
energy (e.g., electrical power, instrument air), or adverse
environments (e.g., extreme heat or cold, fire, steam, or water)
are experienced. (GDC 26).

Each reactor trip circuit is designed so that trip occurs when the circuit
is de-energized; therefore, loss of channel power 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 an
independent electrical bus.

Failure to de-energize 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 all drive allowing the full length rod clusters to insert by
.gravity.

The protection'system is thus inherently safe in the event of a

loss of power.

The engineered safety features actuation circuits are designed on the same
"de-energize to operate" principle as the reactor trip circuits with the
exception of the containment spray actuation circuit which is energized to
operate in order to avoid spray operation on inadvertent power failure.
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3/70
7.2-8

Automatic starting of any of emergency diesel-generators is initiated
by redundant undervoltage relays on the 6900 volt busses no. 5 and 6,
or by the safety injection signal.

Engine-cranking is accomplished

by a stored energy system supplied solely for the associated diesel
generator.

The under-voltage relay scheme is designed so that loss of

480 ..volt power does not prevent the-relay scheme from functioning
properly.
Redundancy of Reactivity Control

Criterion:

Two independent control systems, preferably of different
principles, shall be provided. (GDC 27)

One of the two reactivity control systems employs rod cluster control
assemblies to regulate the position of Ag-In-Cd neutron absorbers within
the reactor core. The other reactivity control system employs the Chemical
and Volume Control System to regulate the concentration of boric acid
solution neutron absorber in the Reactor Coolant System.

Reactivity Control Systems Malfunction

Criterion:

The reactor protection system shall be capable of protecting
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. (GDC 31)

Reactor shutdown with rods is completely independent of the normal control
functions since the trip breakers completely interrupt the power to
the full length rod mechanisms regardless of existing control signals.
Effects of continuous withdrawal of a rod control assembly and of deboration
are described in Sections 7.3.1 and 7.3.2, and Sections 9 and 14.

Principles of Design

Redundancy and Independence

The Protective systems are redundant and independent for all vital inputs and
functions.

Each channel is functionally independent of every other channel and

7.2-9
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receives power from two independent sources. Isolation of redundant
protection channels is described in further detail in Section 7.2.1,
Isolation of Redundant Protection Channels.
Manual Actuation
Means are provided for manual initiation of protective system action.
Failures in the automatic system do not prevent the manual actuation
of protective functions. Manual actuation requires the operation of
a minimum of equipment.
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
During such operation the active parts of the system continue
to meet the single failure criterion. Since the channel under test is either
tripped or superimposed test signals are used which do not negate the
trip.

process signal.
"one-out-of-two t systems are permitted to violate the single
failure criterion dur ing channel bypass provided that acceptable reliability
of operation can be otherwise demonstrated and bypass time interval is short.

EXCEPTION:

Capability for Test and Calibration
The bistable portions of the protective system (e.g., relays, bistables,
etc.) provide trip signals only after signals from analog portions of
Capabil.ity 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 system reach preset values.

The analog portion of a Orotective channel provides analog signals of
reactor or a plant parameter. The following means are provided to permit
checking the analog portion of a protective channel during reactor operation:

7.2-10
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TABLE •7.2-1 (Continued)

REACTOR TRIP

20.

Spray additive valves

COINCIDENCE CIRCUITRY AND INTERLOCKS
Coincidence of two 2/3 containment pressure
(Hi-Hi pressure, same signal which actuates
containment spray)

ENGINEERED SAFETY FEATURES ACTUATION
21.

Containment air recirculation
cooling and filtration signal

Safety injection signal initiates starting of
all fans in accordance with the Safety Injection
Starting Sequence, 2/3 high containment pressure
or manual 1/2

22.

Isolation valve seal water signal

Safety injection signal

STEAM LINE ISOLATION ACTUATION

23.

25.

Steam flow

High steam flow in 2/4 lines plus (a) low
T av in 2/4 lines or (b) low steam line
presure in 2/4 lines.

Containment pressure

Coincidence of two 2/3 containment pressure
(Hi-Hi pressure) (Note: Bistables are energized
to-operate)

Manual

1/1 per steam line

AUXILIARY FEEDWATER ACTUATION
26.

Turbine driven pump

Coincidence of 2/3 low level in two steam
generators; or loss of voltage on 1/2 6900
volt bus and unit trip; or manual 1/2

27.

Motor driven pumps

2/3 low level in any steam generator; or
trip of 1/2 main feedwater pump turbines;
or safety injection signal; or manual 1/2;
or loss of 1/2 6900 volt bus and unit trip

COMMENTS

TABLE 7.2-1 (Continued)
REACTOR TRIP

COINCIDENCE CIRCUITRY AND INTERLOCKS

MAIN FEEDWATER ISOLATION
28.

Close main feedwater control valves
trip main feedwater pumps

Any Safety Injection Signal (see Item 9)

COMMENTS

:1

7.6

IN-,CORE INSTRUMENTATION..

7.6.1

DESIGN BASIS

.

.

"

.

,
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"
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The in-core, instrumentation -is;designed to ,yield ,information-on-the; neutron ,-,
flux distribution.and fueL assembl. _ou tlet, .temperatures at-. selected. core
-1
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.

7.6.2

,. SYSTEM

DESIGN

,

.

..

.

.

.

.,, ".

The in-core, instrumentation system,,consists_ of thermocouples., positioned
to measure fuel assembly coolant outlet temperature at preselected locations;
and flux. thimbles,; which run the. lengthof selected-fuel assemblies .to

..

measure the neutron flux distribution,within the reactorcore.....,

The experimentalfdata.,obtained. from the. in-core temperature and. flux distribution

instr.umenta-tion .system, -.in, conjunction,with previously determined analytical.
information, 1:can, be used-,-to determine the fission power dis tribution -.
in. the..,
core at. any.time throughout.,core-liffe.,

This.,method- is ,more.
accurate -,
than.

using calc.ul.ational .technique..,!a-lopne... Once the fission. power. distribution

has been..establishedi,:Lthe: maximum, pow..er. output is,pr.imarily, determined: by,.
thermal powerdistribution and--the thermal and, hydraulic limitations
determinethe maximum- core-.capability.._

.

,

,

"

.

The in-core instrumentation provides information which 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.

7.6-1.

Thermocouples

Chromel-alumel thermocouples are threaded into guide tubes that penetrate
the reactor vessel head through seal assemblies, and terminate at the
The thermocoup>gl.reProvlded

exit flow end of the fuel assemblies.

with two primary seals, a conseal and swage type seal from conduit to
head.

The thermocouples are enclosed in stainless steel she' ths-Within

the above tubes to allow replacement if necessary. Thermocouple readings
pport ofthe thermocouple guide
r " ... e
are rTc'rded in.the' c'st
tubes in the'u'pper--c6re suppo'rt-a:-... '
A

Movable Minia'ture"Neutron

°'

•

..

s
"..describ.eiSection
....

.': f: ..

Flux Detectr

-e

-'

Mechanical Configuration

.
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.

.
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.

•
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Six fission chamber detectors (employing U308 which is 90 percent enriched
in U 235) can be remotely positioned in retractable guide thimbles to provide
flux mapping of the core.

Maximum chamber dimensions are 0,25-inch "in'

diameter and 2.10 inches in length.

The stlainless steel detecto'r shell'is :'"

welded to the leading 'end-of-the helical wrhp drive cable afd the st ainies's
steel sheathed coaxial cable.--Each

is 'designe'd to have-a -imiinimum
detector'
0-17

thermal neutron sensitivity of 1.5 x 10

:

amps/nv and a maximum gamma

amps'/R/hr. Operating thermal neutr'on flux -range
15.
11
!
5
nv;. , Other miniature detector's,- s'uch:
for these: probes- is- 1,x 10I 7. to- 5 x 10
'sensitivity of 3 x- 10

as gamma ionizationchambers,and borbn-lihed :neu'tron detectors,-,can' also'be

used in the system.. 'The- basic 'system.f6r the ins'ertion of these detectors',
,
will be:;shown in- Figure -7.6-1-and 7.6-2.' 'Retractable thimbles into :h'h-,
.
the miniature " detectors are driven are' pushed -into,the reactor': c6re-thr ugh

conduits which extend from the,bottom of -'the reactor' core throigh conduits
':
:the 'concr't& L
which extend from the bottom of the reactor v-esel- down through
shield area and then up to a thimble seal zone.

-\.

7.6-2

"

3.

Three diesel generators are each connected to their respective
engineered safety features buses to supply emergency shutdown
power in the event of loss of all other a.c. auxiliary power.
There are no automatic ties between these buses.

4.

Emergency power supply for vital instruments and control and supplies
for emergency lighting is from the two 125 volt dc station batteries.

The diesel-generators are located adjacent to the primary auxiliary
building and each are connected to three (3) separate 480 volt auxiliary
system buses. Each diesel will be started automatically on a safety
injection signal or upon the occurrence of undervoltage on the outside
plant source of power. Any two diesels have adequate capacity to supply
the engineered safety features for the hypothetical accident concurrent
with loss of outside power. This capacity is adequate to provide a
safe and orderly plant shutdown in the event of loss of outside electrical
power.

8.1-3

buses is fed through four 6900/480 volt station service transformers of
non-explosive, fire-resistant, air-insulated, dry type.

Solid insulation

in the transformers consists of inorganic materials such as porcelain,
mica, glass or asbestos in combination With a sufficient quantity of a
high temperature binder, to impart the necessary mechanical strength to
the insulation structure.

This insulation is defined by ASA standards

as Group III material.

These transformers are designed and constructed in accordance with the
applicable standards of ASA, IEEE and NEMA.

During engineered safeguards

loading and operation, these'transforimers will not be loaded beyond their
rating.

Manufacturer shop tests of the transformers are conducted in accordance

with the latest revision of American Standard Test Code C 57.12.90.

This

series of tests consists of the following:

1.

Resistance measurements of all windings

2.

Ratio tests

3.

Polarity and phase relation tests

4.

No-load losses

5.

Exciting current

6.

impedance and load loss

7.

Temperature test

8.

Applied potential tests

9.'

Induced potential tests.

Auxiliary power required during plant start-up, shutdown and after reactor
trip is supplied from-the 138 kv switchyard.

After reactor or turbine

generator trip, the auxiliaries on the four 6900 volt buses supplied by
the Unit Auxiliary Transformer are transferred by a dead fast transfer
scheme using stored energy breakers to the Station Auxiliary Transformer.
The 138 kv system is the normal supply for the auxiliary load associated
with plant engineered safeguards.

8.2-3

6900 Volt System

The 6900 volt system is divided into six buses.

Two buses, numbers 5 and

6, are connected to the 138 kv system via bus main breakers and the Station
Auxiliary Transformer.

Buses 1, 2, 3, and 4 are connected. to the generator

leads via bus main breakers and the Unit Auxiliary Transformer.

Buses 1

and 2 can be tied to bus 5 and buses 3 and 4 can be tied to bus 6 via bus
tie breakers.

Buses 2, 3, 5 and 6 each serve one 6900-480 volt station

service transformer.

480 Volt System
The 480 volt system is divided into four buses. The 480 volt buses are
supplied from the 6900 volt buses as follows: 2A from 2; 3A from 3; 5A
from 5; and 6A from 6.
The required safeguards equipment circuits are dispersed among the 480
volt buses. The normal source of power for buses 5A and 6A is the 138 kv
system (via station auxiliary transformer, and 6900 volt buses 5A and 6A),
and no transfer is required in the event of an incident.
One emergency diesel-generator set is connected to bus 5A, one to 6A and
the other to buses 2A and 3A. Each set will be automatically started upon
under-voltage on one of the 6900 volt buses associated with outside power.
The power for the safeguards valve motors will be supplied from two motor
control centers which in turn will be supplied from the 480 volt system.
Each motor control center bus will be fed through a circuit breaker on
the 480 volt system. These circuit breakers will be on different 480 volt
buses and the bus that supplies each breaker will be supplied by an emergency
diesel generator.

8,2-4

Diesel-Generator Separation
The 2350 HP diesel engine-generators are located in a sheet metal, steel
framed building immediately South of the primary auxiliary building.
The engine generators are arranged on 13'-0" centers, parallel to each
other with approximately 10'-O" of clean space between engine components.
The engine foundations are surrounded with a 6" high concrete curb con
taining sufficient volume to hold all of the lube oil or fuel released from
a single engine in the event of an inadvertent spill or line break.
Individual fire detection and automatic protection spray systems are
provided over each engine and fuel oil day tank.

The detection system

which annunciates in the main control room is designed to sense heat in
order to quickly actuate the detection and spray devices.

In addition,

manual fire fighting equipment is located in each personnel access door.
A control panel is located on the West end of the building which contains
relays and metering equipment for all three diesel-engine generators.

The

panels are compartmentalized with controls for each engine separated from
each other. With the compartmentalized panel design, spread of fire to
other electrical components is minimized.

A reinforced concrete wall will

be placed between the diesel generators and the control panel.
Each diesel generator has its own small fuel storage (day) tank that feeds
the fuel oil pump on the engine.

All day tanks are automatically filled
during engine operation from three separate underground storage tanks
outside the diesel generator building.

Each storage tank has its own

supply pump mounted in a manhole opening in the top of the tank above'
oil level. It is therefore unlikely that a fire associated with any one
of the small fuel oil storage (day) tanks would prevent oil from being
supplied to the remaining two diesels.

8.2-13
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Loading Description

Each unit is to be started on the occurrence ;of ,either of.the following
incidents:

1.

Initiation of safety injection-operation.

2.

Undervoltage on !either ,of the 'two 6,900 volt buses connected to the
'outside power.

On occurrence of undervoltage the engines run at idle and can be connected
to ,deenergized buses by. the -operator "from the ;control room if :desired.
If there is coincident or subsequent requirement for engineered safeguards,
automatic sequencing -is initiated as follows.:

.1

All 480 volt breakers,, except those feeding the valve motor control
.centers numbers 26A ;and 26,, ;are tripped 'and all automaftically.
,operated non'Safeguards" feeders are locked 'out. All fengineered
,safeguards motors are operated from the 480 volt 'ibusesi.

2.

Connect the diesel -generators to 'their respetive 'buses..

3.

"Magnitude of 'loads for the, diesell :generators is

given In 'Table -..2-1.

Supplement 3
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In channels R-16, R-18, R-19, and R-23, a photomultiplier tube
scintillation crystal (NaI) combination, mounted in a hermetically
sealed unit, is used for liquid effluent radiation detection.

Lead

shielding is provided to reduce the background level so it does not
interfere with detector's sensitivity.

The in-line, fixed volume

container is an integral part of the detector unit.

In channel R-17,

the detector is inserted into a well in the component cooling system
piping.

In addition, grab samples from the monitor tanks are analyzed to determine
the amount of tritium in the effluent discharged to the Waste Disposal
System.

During normal plant operation the tritium level in the reactor coolant
will be limited to 2.5 pc/cc, this will ensure a tritium activity in the
refueling water of <1 pc/cc.

With a containment purge rate of 40,000

cfm, the maximum concentration of tritium in the containment air will
be less than 1/5 of MPC.

The basis for this concentration is determined from the assumption that
the refueling water evaporation rate is 100 lb/hr., the containment is
purged for 2 hours at the rate of 40,000 cfm prior to access, and that
the purge continues during the refueling operation at 40,000 cfm.

During normal plant operation, grab samples from the containment and
auxiliary building areas will be analyzed for tritium as required.

AREA RADIATION MONITORING SYSTEM

This system consists of eight channels which monitor radiation levels in
various areas of the plant.

These areas are listed as follows:
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Channel

Area Monitor

R-1

Control Room

R- 2

Containment

R- 3

Criticality Monitor

R-4

Charging Pump Room

R-5

Spent Fuel Building

R-6

Sampling Room

R- 7

In-Core Instrumentation Area

R-8

Drumming Station

Each channel consists of fixed position gamma sensitive G-M tube detector.
The detector output is amplified and the log countrate is determined by
the integral amplifier at the detector.

The radiation level is indicated

locally at the detector, and at the Radiation Monitoring System cabinets
where it is also recorded.

High-radiation alarms are displayed on the

main annunciator, the Radiation Monitoring cabinets, and at the detector
location.

The control room annunciator provides a single window which

alarms for any channel detecting high-radiation.

Verification of which

channel has alarmed is done at the Radiation Monitoring System cabinets.
A remotely operated, long half-life radiation check source is provided
in each channel.

The source strength is sufficient to produce approximately

mid-range indication.

The computer-indicator module amplifies the radiation level signal, computed
by the log level preamplifier, for indication and recording.

The module

also provides controls for actuation of the channel check source.

A meter is mounted on the front of each computer indicator module and is
calibrated logarithmically from 0.1 mr/hr to 10 R/hr.

A remote meter, calibrated logarithmically from 0.1 mr. to 10 R/hr is mounted
at the detector assembly.
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Radiation Monitoring System cabinet alarms consist of a red indicator light
for high radiation and an amber light to annunciate detector or circuit
failure. The remote meter and alarm assembly at the detector contains a
red indicator light and a buzzer type alarm annunciator actuated on high
radiation.

Radiation Monitoring System Control Room Cabinet

All of the control room system equipment. is centralized in three cabinets.
High reliability and ease of maintenance are emphasized in the design of
this system.

Sliding channel drawers are used for rapid replacement of

units, assemblies, and entire channels.

It is possible to completely remove

the various chassis from the cabinet, after disconnecting the cables from
the rear of these units.

Recorder

A 24 point strip chart recorder is provided in the Radiation Monitoring
System cabinets in the control room.
recorded.

Each monitoring channel is sequentially

The print rate is 20 seconds per point.

Chart speed is adjustable.

Monitor Sensitivity

The sensitivity of the radiation monitors is given in Table 11.2-7.

The

sensitivity range is based on the first isotope listed in the last column.
Calibration curves showing count rate versus radiation activity (Pc/cc)
are provided for all isotopes to be measured.

Operating Conditions

Table 11.2-8 indicates the detector operating condition during normal
operation.

Where fluid temperature is too high for the monitor, a cooling

device with temperature indication is included.

The different operating

temperature ranges are within the design limits of the sensors.
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The relation of the radiation monitoring channels

to the systems with which.

they are associated is given in the sections describing those systems.
Routine test and recalibrations will ensure that the channels operate
properly.

Health Physics Program

Personnel Monitoring

exposure

The official and permanent record of accumulated external radiation

received by individuals is obtained principally from the interpretation
of the film badge.' The direct reading dosimeter provides day-by-day
indication of external radiation exposure.

All persons subject to occupational radiation exposure are issued beta
gamma film badges and are required to wear such film badges at all times
while within the Controlled Area.

A neutron sensitive film packet is

issued to personnel whenever a significant neutron exposure is possible.
Personnel who are issued film badges pick them up at the Security Room
on entering the Controlled Area and deposit them at the Security Room
on leaving the

Controlled Area.

Special or additional film badges are issued as may be required under
unusual conditions.

These devices are issued at the discretion of health

physics personnel.

The film badges are processed on a routine basis at monthly intervals.
The film badge of any individual is processed when an integrated dose
of 1 rem is indicated by other measurements and when it appears that
an overexposure may have occurred.

A self-reading dosimeter is issued in addition to a film badge to certain
individuals whose work conditions make a day-to-day indication of exposure
desirable.

Dosimeters are read, recorded and re-zeroed regularly.

Dosimeter

records furnish the exposure data for the administrative control of radiation
exposure.
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For inhalation exposures the retention, clearance and translocation of
inhaled particles are determined by physiological processes..
The
ICRP standard lung model assumes that with "soluble" particles, 25 per cent
are exhaled, 50 per cent are deposited in the upper respiratory tract and
transported to the gastro-intestinal tract, and*25 per cent are taken up
in the body via the lower respiratory tract. It is thought that "insoluble"
compounds follow the same pattern, except that only 12.5 per cent is taken
up in body fluids via the lower respiratory tract.

An additional 12.5 per
cent is assumed to be transported up the respiratory tract and swallowed

within 24 hours.

The case study following inhalation of radio-nuclides

should include whole body counts, and if indicated, urine bioassay and
fecal analysis.

Follow-up will be contained for a sufficient period of
time so that the biological half'life can be determined accurately.

QUALIFICATIONS OF MEDICAL PERSONNEL

A description of qualifications of on-site and off-site medical personnel
is given in Table 11.2-13.

The professional staff at University Hospital, New York University Medical
Center, New York City would be under the supervision of Roy E. Albert, M.D.
Dr. Albert is a recognized expert in nuclear medicine. He has formulated
policy and training procedures for the attending and resident staff at
University Hospital. The hospital staff has the capability to provide the
number and types of physicians to handle radiation casualties.

Transport of Injured Personnel

Arrangements for transporting injured personnel provide for the immediate
treatment of personnel on a round-the-clock basis.

The equipment and

supplies used for in-transit emergency treatment are the following:

(1)

Verplanck Volunteer Ambulance is completely equipped in accordance
with Red Cross recommendations.
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(2)

The Portable Radioisotope Decontamination Kit located in the
Medical Bureau facility in the Indian Point Service Building and
supplies from the nuclear medical facility at the Indian Point
Station will also accompany a patient to the receiving hospital.
The kit holds protective clothing, decontamination equipment,
containers and supplies as listed in Appendix 11A, Table l1A-l.

Standing orders for emergency procedures are a part of the Radiation Health
Procedures for the Indian Point Station nuclear medical facility.

Health

Physics personnel and First Aid men of Con Edison would accompany the patient
Instructions for transporting injured persons who have

in the ambulance.

become contaminated are the following:

(1)

Transportation of highly contaminated persons is to be'done'in such
a way that maximal distance will separate the patient and the attendants.

(2)

A shielding of lead bricks, as required, is to be placed between the
front seat of the ambulance and the patient to protect the driver and
attendants from radiation.

(3)

Special lead shielding of the affected part of the patient's body with
lead sheeting is to be applied, if required, to further decrease
radiation exposure from a contaminated arm or leg.

Verplanck Volunteer Ambulance Corps, Verplanck, New York, is located
approximately 3 miles from Indian Point Station.
round-the-clock.

An ambulance is available

The average time to respond to calls is 15 minutes.

HOSPITAL FACILITIES

INon-Injured

Contaminated Personnel

It is planned that further decontamination of non-injured personnel would
be completed in the Decontamination Room of the Indian Point nuclear medical
facility.
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Contaminated Injured Personnel

Arrangments were completed with University Hospital, New York University
Medical Center, New York City, in November 1963, for handling contaminated
injured personnel.
Indian Point.

University Hospital is approximately 40 miles from

The "Guide for Management of Radioactive Casualties at

University Hospital" is included as Appendix 11B.

This guide designates

the radiation casualty team, the method of admission, evaluation of patient,
operating room procedure, treatment, radiation hazard areas, storage of
decontamination equipment and monitors, and levels of exposure to hospital
personnel.

The Medical Department of the Consolidated Edison Company has set forth
the following basic principles in handling radioactive contamination cases
admitted to a hospital.

(1)

The hospital should be notified before a contaminated patient is sent
for admission.

The location of the accident, number of people

involved, and estimate of the extent of injury of patients should be
furnished to the hospital.

The person at the hospital should instruct

the caller exactly where to bring the patients.

(2)

The single error of commission to be avoided at all cost in handling
contaminated patients in the hospital is that of bringing them into
the hospital in such a manner as to spread high levels of radioactivity
along the route.

(3)

Persons exposed only to external radiation present no unusual admission
problem since they are not radioactive.

(4)

It is economically unsound-to reserve one or more rooms solely for
radiation accidents, since these accidents are extremely rare as compared
to all other emergencies.

A section of the hospital normally reserved

for isotope treatment and study would provide an experienced facility
to handle such contaminated emergencies.

Supplement 1

10 /69
11. 2-39

(5)

A hospital radiation team should be organized with a radiological
safety officer who has had experience either in the department-of
radiology or the radioisotope laboratory.

Technicians from the.

x-ray department and the radioisotope laboratory would make valuable
auxiliary personnel. One or more physicians, nurses and a trained
ambulance attendant should be part of such a team.

(6)

A supply kit for radiological first aid should be provided. In the
event of a contaminated case from the Indian Point Station, a portable
radioisotope decontamination kit will accompany the patient.

The

equipment used to conduct survey and monitoring would be part of
equipment normally found in the radioisotope laboratory of a hospital.
(7)

Emergency decontamination apparatus is recommended for use with
standard hospital stretchers.

This equipment is described in

Appendix 11C..

AVAILABILITY OF OFF-SITE MEDICAL FACILITIES
In the arrangements with University Hospital, New York University Medical
Center, New York City, no limitations are visualized on admission or treatment
of radiation accident casualties, length of stay for contaminated patients,
extent of contamination and radiation levels associated with injuries, or
the types of injuries or illness.
The Peekskill Community Hospital is within five miles of the Indian Point
Station but does not- have the capability to handle radiation casualties at
this time.

The Hospital's medical staff was given an extensive tour of

Indian Point No. 1 in 1962 before the plant went into operation.

This was

followed by a lecture presentation on radioactive contamination and
casualties at the Peekskill Hospital in 1963.

It is planned to follow-the

same procedure in respect to Indian Point No. 2 before this unit becomes
operational.
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TABLE 11.2-13 (CONTINUED)

Professional Education
and
Special Training

Provisions
for ..
Availability
Classification Meeting Cost

Albert C. Hamilton,
Asst. Medical
Director, Medical
Dept., Con Edison

Doctor of Medicine
Supervisor of Medical
Services for Indian
Point since 1962.
Fellow, Industrial
Medical Association

Readily avail- Employee of
able off-site Con Edison
personnel
medical

Roy E. Albert,
Medical Consultant

Doctor of Medicine
Readily avail- Fee for
Institute of Environ
able off-site Services
mental Medicine,
personnel
Sterling Forest,
medical
N. Y. Professor of
Environmental Medicine,
full time. N. Y. Universi
Medical Center

Name and Function

David J. Scuccimarre, Doctor of Medicine
On-call
Physician
General knowledge of
Physician
decontamination procedure

Fee for
services

Hours of
On-Site
Duty

Off-Site Availability
Location and Distance
and Distance from Site

Hospital
Staff
Appointment

Around-the-clock
Con Edison
4 Irving Place
N. Y. C., N. Y.
(40 miles)

Around-the-clock,
Institute of
Environmental
Medicine,
Sterling Forest, N. Y.
(15 miles)

Attending Physician,
University Hospital

Around-the-clock
722 Hudson Ave.
Peekskill, N. Y.
(1 mile)

Attending Physician
Peekskill Community
Hospital
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jeopardized by delay in treatment he could be transported directly
to (eg.) the operating room which would then have to serve the
dual function of a decontamination and treatment area.
If the patient has little surface contamination and requires
minor medical or surgical treatment he could be transported on the
same type of stretcher to a specially designated private room
where both procedures would be carried out.

Wherever pos'sible, the various diagnostic, treatment, and
decontamination procedures should be done in the fewest possible
places in the hospital.

5.

Storage of Decontamination Equipment, Clothing and Radiation
Monitors
This material will be kept in readily accessible form in the
Department of Radiology at University Hospital.

6.

Radiation Hazard Areas
The sites within the hospital where the contaminated patient is
treated, should be declared a "RADIATION HAZARD AREA".

This

involves the establishment of barricades to prevent unauthorized
access, and provision of protective clothing, monitors, floor
covering, warning signs and decontamination equipment.

Once the

patient is removed and the contaminated material is packaged in
labeled, shielded containers, the site can be declassified if
the radiation levels are down to background levels.
7.

Hospital Personnel Exposures
The hospital personnel should not be. required to receive radiation
exposures in excess of the maximum permissible occupational levels.
These levels should guide the health physicist in establishing the
patient proximity time limits for the staff.

The only exception

might involve the surgeons'and operating room nurses in the event
of a protracted operative procedure.

Here, it should be possible,

by rotation of personnel and improvised-shielding to limit the
radiation exposure to the quarter-year maximum.
Supplement 1
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12.5

REVIEW AND AUDIT OF OPERATIONS

In matters such as design changes to the facility involving unreviewed
safety questions, changes to operating procedures, or changes to the
technical specifications, a review of the question by the Nuclear Facility
Safety Committee will be requested by the station General Superintendent.
If the Committee concludes that such a change is acceptable from the
standpoint of safety, the change will be approved by the Committee, or,
if approval by the Atomic Energy Commission is required, a change request
for permission to make the change will be initiated by the Committee.

A continuing review of operations is performed by the station operating
staff, the Production Department administrative staff, and the executive
level for those departments with operating, design and safety responsi
bility for the facility.

In addition, there is periodic review of facility

operations by the Nuclear Facility Safety Committee.

Frequent communi

cations, both written and oral, between the station General Superintendent
and the Chairman of the Nuclear Facility Safety Committee assure the degree
of awareness by that Committee of facility operations necessary for it to
meet its audit responsibilities.

There are frequent meetings of the

Committee, at which time it reviews shutdowns of the facility and the
reasons therefore, unusual operating conditions, releases to the environ
ment, and proposed changes to the facility and its operating procedures.
Periodically, the meetings of the Committee are held at Indian Point so
as to allow the entire Committee an opportunity to tour the facility and
scrutinize its operations.

Approximately once a month, a different member

visits the station for a personal audit of facility activities.

Nuclear Facilities Safety Committee

A Nuclear Facilities Safety Committee was established on April 23, 1962
for Indian Point Station, Unit No. 1.
the same function for Unit No. 2.
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This Committee will also perform

The purpose of the Nuclear Facilities Safety Committee will be to review
the operation of the facility, the operating organization, the procedures
for operation, changes in the facility and the conduct of tests or experi
ments therein:

a)

Membership

The Committss shall consist of:

1)

The Manager of the System Operation Department, who shall
be Chairman.

2)

The Reactor Engineer at the Indian Point Station.

3)

An engineer from the Mechanical Engineering Department
having experience in nuclear engineering.

4)

An engineer from the Mechanical Engineering Department
or from the Chemical Bureau of the Production Department
having experience in nuclear chemistry.

5)

An engineer from the Electrical Engineering Department or
from the Mechanical Engineering Department having experience
in nuclear instrumentation and control.

6)

The Radiation Safety Officer of the Company.

In the temporary absence of any member of the Committee, the member
shall designate an Alternate with similar experience to attend meetings
of the Committee with full authority to act in place of the absent
member.

In addition to designating an Alternate in his capacity as

a member of the Committee, the Chairman shall also designate the
member of the Committee who is to act as Chairman in his absence.

12.5-2

Designations of alternates will be made in writing.

If any member

of the Committee becomes incapacitated or resigns or is otherwise
unable or unwilling to serve, his replacement shall-be designated
by the Vice President of the Company to whom such member reports
in his regular duties.

b)

Functions

1)

When requested by the General Superintendent of the facility,
the Committee shall review (a) any proposed change in the facility,
(b) any proposed change in the procedure and (c) any proposed
test or experiment to be conducted therein, to reach a deter
mination whether such proposed change, test or experiment involves
an unreviewed safety question as defined in the facility Operating
License or involves a change in or deviation from the Technical
Specifications.

2)

The Committee shall review facility operation, including equipment,
from time to time to determine their adherence to the requirements
of said License and shall make reports of the result of such review
to the General Superintendent and to the Vice President of the
Company in charge of Engineering, Production and Distribution
Operations.

3)

The Committee shall make such other studies and analyses of
station organization, operations and procedures as may be
requested by the General Superintendent or by corporate officers
of Edison.

c)

Procedure

1)

If the General Superintendent decides to make a change in the
facility or operating procedures, or to conduct a test or
experiment, and concludes that the porposed change, test or
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experiment does not involve a change in the Technical Speci
fications or an unreviewed safety question, he may order the
change, test or experiment to be made, shall enter a descrip
tion thereof in the operating records of the facility, and
shall send a copy of the instructions pertinent thereto to
the Chairman of the Committee.

If the Chairman of the Committee,

upon reviewing such instructions, is of the opinion that the
change, test or experiment is of such a nature as to warrant
consideration by the Committee, he shall order such consideration.

2)

If the General Superintendent desires to make a change in the
facility or operating procedures or to conduct a test or experi
ment which in his opinion might involve a change in the Technical
Specifications, might involve an unreviewed safety question or
might otherwise not be in accordance with said License, he shall
not order such change, test or experiment until he has referred
the matter to the Committee for review and report.

If the

Committee is of the opinion that the proposed change, test or
experiment does not require approval by the Atomic Energy
Commission under the terms of said License, it shall so report
in writing to the General Superintendent, together with a
statement of the reasons for the Committee decision and the
General.Superintendent may then proceed with the change, test
or experiment.

If, on the other hand, the Committee is of the

opinion that approval of the Atomic Energy Commission is required,
the Committee shall prepare a request for such approval, including
an appropriate safety analysis in support of the request, and
forward its report and request to the Vice Presidents in charge
of Engineering, Production and Distribution Operations for their
review with a copy to the General Superintendent.

One of said

Vice Presidents shall thereupon forward the report and request
to the Atomic Energy Commission for approval unless, after
review, the three Vice Presidents either (a) disagree with the
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opinion of the Committee that approval of the Atomic Energy
Commission is required, or (b) decide that the proposed change,
test or experiment is not necessary from the standpoint of
Company policy or operations.

3)

If during a review by the Committee of facility operations and
equipment the Committee determines that a variation from the
Technical Specifications or an unreviewed safety question exists,
the Committee shall immediately notify the General Superintendent
who shall take any steps needed to assure safety.

The Committee shall then prepare a report recommending, as
appropriate, a change in the facility, in the operating
procedures or in the Technical Specifications, together with
any appropraite safety analysis.

The Committee shall forward

its report, together with a request for approval by the Atomic
Energy Commission, to the above designated Vice Presidents,
with a copy to the General Superintendent.
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the fraction of critical damping was adopted (0.5%).

Dr. N. M. Newmark

recommends a value of 2% for vital piping at or just below the yield
point.

This would reduce the maximum amplification of the ground accelera
The maximum longitudinal stresses due to pressure, deadweight,

tion.(

and seismic loads are presumed to occur at the same cross-section and
some point-in the cross-section.

Some averaging of the response spectra is performed to smooth out the
erratic response of the earthquake's random behavior.

At the high frequency

end of the spectra, the acceleration levels of the smoothed spectra converge
to the values of the unsmoothed spectra.

It is therefore concluded that design procedure, used to design Class
I seismic restraints for Indian Point Generating Station - Unit No. 2,
is conservative.

Design of the Reactor Coolant System, as presented at the Construction
Permit stage, did not include consideration for the combination of DBE
and DBA.

Even so, it is expected that the maximum stresses caused by
this combination of loadings will be within the faulted condition limits.
The Unit 3 Reactor Coolant System is presently being analyzed for the
combination of DBE and DBA.

This analysis will give verification of the

adequacy of the Unit 2 RCS.

Results will be available in the second Quarter

of 1970.

The Service Water lines consist of two (2) 24" diameter carbon steel
pipes.

They run in a common trench which is backfilled.

Assuming that

the ends of a pipe are free to displace vertically but not rotate and
that the maximum permissible stress is restricted to 30,000 psi, a parametric
study shows that the following maximum allowable relative-displacements
may occur during a seismic disturbance without overstressing the pipe:

Length (ft.)

1

Displacement (inches)

0.002

10
0.20

Q 1.9-15

25
1.25

50
5.01

75
11.27
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100
20.04

It is therefore concluded that the Service Water lines could withstand,
without being overstressed, relative bedrock displacements associated
with the earthquakes defined for the Indian Point site.

Q
1.9-16

1.9-165/70
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QUESTION 6.8
We understand that installation of the Westinghouse flame recombiner
system is being considered for the Indian Point Unit No. 2 plant as
an engineered safety feature in order to control hydrogen evolved within
the containment following a loss-of-coolant accident.
a.

Please clarify your intentions in regard to the above and
provide information relating to the detailed design arrangement
of the recombiner system in the Indian Point Unit No. 2 plant.

ANSWER

The flame recombiner system will be installed in the Indian Point No.
2 as an engineered safety feature in order to control the hydrogen
evolved in the containment following a loss-of-coolant accident.
Inside the containment are two (2) full-rated flame recombiner systems.
Each is capable of maintaining the ambient H 2 concentration at or below
two volume percent (v/o).

Each system consists of an air supply blower,

a combustion chamber complete with main hydrogen burner, two ignitors
(one a spare), pilot hydrogen burner and a diluent chamber and associated
monitoring and control instrumentation.
The air-supply blower takes suction from the recirculation cooling
and filtration system ring distribution header.
air to the combustor.

It delivers containment

From the combustor, air passes on to the diluent

chamber which serves to reduce the unit exhaust temperature.

The combustion

chamber is fueled by an externally-supplied fuel gas, employing containment
air as the oxident.

Hydrogen in the containment air is oxidized in

passing through the combustion chamber.

H 2 gas is used as the externally

supplied fuel in order that non-condensible combustion products are
avoided which would cause a progressive rise in containment pressure.
Oxygen gas is added to the containment atmosphere through a separate
containment feed (not coupled to the combustor) to prevent depletion of
oxygen in the air below the concentration required for stable operation

Q 6.8(a)-l
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of the combustor (12%). To maintain the ambient hydrogen concentration
at or below 2 v/o at the maximum production rate, it is necessary 'to operate
the main burner.

Reduced main H

2

burner fuel flow or the pilot H

2

burner

may be sufficient when the containment H2 concentration is below 2 v/o.
The ignitors provided for each system are redundant.

The dilution chamber

is located downstream of the flame zone where products of combustion are
mixed with a large excess of containment air to reduce the temperature
of gas leaving the system below 300'F.

The flame recombiner systems are located on the operating floor in the
southeast and southwest quadrants approximately 900 apart.

The systems

are designed to operate at ambient steam overpressures corresponding to
0-5 psig in the containment and to withstand the design basis transient
environment prior to operation.

The combustor units are rated at 350

SCFM of containment air input at 5 psig at 33-100% hydrogen recombination
efficiency over the range of process variables which includes combustor
outlet temperature, percent oxygen, steam and hydrogen in containment
air, entrained water content and operation under main hydrogen burner
or pilot burner. (1)(2)

Figure 6.8(a)-l is an arrangement drawing of one

of the hydrogen flame recombiner units showing the assembly of the combustion
unit including the burners, ignitors and diluent chamber. Figure 6.8(a)-2
is a layout arrangement drawing showing recombiner system components located
inside the containment.

The oxygen and hydrogen facilities, including bulk gas supply, metering,
piping and penetrations are separated to prevent any accidental interaction.
Gaseous hydrogen and oxygen are supplied from tubes mounted on trailers
parked in widely separated areas outside the Primary Auxiliary Building.
Figure 6.8(a)-3 shows the oxygen truck supply station outside of the
northeast corner of the PAB building.

The hydrogen trailer is attached

to the high pressure side of the waste disposal system hydrogen supply
manifold through a standard commercial connector located near the

Q 6.8(a)-2
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outside of the northwest wall of the PAB building.

Pressure is reduced

immediately by the manifold pressure regulators and the low-pressure gas
is then piped through the Fan House in double walled pipe to the
recombiner control station in the Fan House, as shown in Figure
6.8(a)-4. Two control stations are provided, one for each flame recombiner
unit. Each control station is connected to independent power supply buses.
From the Fan House, the gas flows directly to the recombiners as indicated
in Figure 6.8(a)-2. The oxygen trailer is attached to a standard commercial
connector located outside the northeast wall of the PAB building. Oxygen
flows through a pressure reducing station to the recombiner control station.
Oxygen is bled into the containment vessel through a separate penetration
to be mixed with containment gases by the main containment ventilating
blowers.
Hydrogen fuel flow is controlled to produce a predetermined temperature
at the outlet of the combustion chamber. The nominal outlet temperature
for complete combustion of the ambient hydrogen passing through the chamber
is 1400 to 1600*F.
Oxygen makeup to the containment is proportioned to hydrogen fuel flow
so that net depletion of oxygen in the containment will not occur. However,
it should be noted that the combustor will operator quite efficiently
and with good stability down to 12% oxygen in the inlet air.

This will

allow considerable initial operation before oxygen is required to be

added to the containment.
The decision to start or throttle the combustion system to the pilot
hydrogen burner or to change the makeup oxygen ratio, is based on intelligence
from containment air samples analyzed for hydrogen and oxygen.

It is

intended that the combustor will be ignited when the hydrogen in the

containment atmosphere reaches about 2 v/o.

It may be run full throttle

until the hydrogen is reduced to about 1.5 v/o and then it may be cut
back by reducing the amount of hydrogen fuel to the combustor or by putting

the unit on pilot burner only.

Q 6.8(a)-3
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Combustor ignition is provided by a'capacitance-type system equipped
with two surface gap plugs designed for operation in a wet environment.
The capacitors, which are located inside the containment near the
combustor,
are designed to withstand the accident and then operate in the containment ,
atmosphere.

The plugs are located on the combustion chamber.

Ignition
leads into the combustor are completely housed in a conduit with
the
wire connections at the ignitor fields brazed at its pressure tight
end.
This provides absolute continuity from-the capacitor to either of
the
plugs.

Design of the thermocouple system which indicates pilot, flame and
main
burner ignition parallels that of the ignition system. Each combustor
system contains two thermocouples (one a spare). Thermocouple leads
are fabricated by a procedure similar to that used for ignitor system
leads.

Figure 6.8(a)-5 is a flow diagram of the two hydrogen combustor systems.
It will be noted that the systems incorporate the following features
for operational safety and reliability:

1.

Two complete control systems for fuel gas.

2.

Isolation provisions for each fuel gas line consisting of a
check valve inside the containment and at least two-series
normally closed valves outside the containment..

3.

A block-and-bleed provision for each fuel gas line to prevent
inleakage when not in use.

4.

Provisions for purging fuel lines with nitrogen from the Waste
Disposal System cylinder manifold before introducing combustible
gas.

Q 6.8(a)-4
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5.

Alarm functions to alert the operator in case of loss of'
blower pressure, low-combustor temperature.(flameout) and
low fuel gas or oxygen manifold pressure.

6.

Capability to test the complete controlsystems at any time
by carrying out a complete dry-run startup using artifically
generated thermocouple signals to simulate lightoff.

7.

Capability to test the system at any time by a complete test
and verification of ignition.

This test can be conducted

from operating stations outside the containment.

8.

Piping design in conformance with ASA-B-31.1 Code for Pressure
Piping with double-walled hydrogen piping for seismic and
leak protection.

9.

Pneumatic control valves and a means to supply emergency
air in the event of loss-of-instrument air.

10.

System redundancy such that no single component failure can
disable both combustor systems.

11.

Instruments located at the hydrogen valve stands to detect
hydrogen leakage.

Instruments, controls and suitable panels provided to perform all these
functions in a safe and reliable manner.

An operator will be stationed

at the recombiner control area whenever that system is in operation
or under test.

All the controls are located in the Fan House at the

southeast side of the containment.

Radiation dose rates at the control

panel nine days after the postulated accidents are less than .05 rem/hr. to
to the thyroid and 2.0 x 10-5 rem/hr whole body (<0.4 rem thyroid dose for
one 8 hour watch with no portable breathing apparatus).

Assumptions in the-

calculations are the same as described in response to Question 14.2 for the
design basis accident with a reduction factor of 107

in the whole body dose

rate due to shielding effect of the building housing the control panel
(for the hypothetical model, TID-14844 release model, the corresponding dose
rates are 1.5 rem/hr. thyroid and 2.0 x 10

rem/hr. whole body). All
Stipplement 8
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leakage is assumed terminated at 30 days at which time the dose rate
at the station will be zero.

The following features are incorporated in the control system and panel
design to ensure operational safety and reliability:

1.

A separate panel for each recombiner system.

2.

Physical and functional separation of redundant features such
that no single feature can invalidate both features.

3.

Provision to switch off and lock out power to the control system
when the panel is unattended.

References

1.

WCAP-9001, A Controlled Combustion System to Prevent Hydrogen Accumulation
Following a Loss-of-Coolant Accident, February 1969, Proprietary
Westinghouse Report.
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WCAP-7301-L, Report of Test Results on Hydrogen Flame Recombiner,
submitted March 26, 1969, Proprietary Westinghouse Report.
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QUESTION 6.8
We understand that installation of the Westinghouse flame recombiner
system is being considered for the Indian Point II plant as an engineered
safety feature in order to control hydrogen evolved within the containment
following a loss-of-coolant accident.
b.

Provide suitable discussion and analyses to support the adequacy
of the design bases for operation of the recombiner system. This
should include, but not be limited to the following:
(1) Sampling procedures (liquid, gas), time to sample, location
where measurements are taken, sampling errors, and stratifica
tion considerations.

ANSWER
The following is a description of the post accident containment sampling
system planned for Indian Point Unit #2:
A sample line will originate in each of the reactor containment fan cooler
units at a location downstream of the fan but upstream from the charcoal
filter.

The fan head is sufficient to pump containment air in a loop from
the fan cooler through a containment penetration to a sample vessel outside
the containment, and then through a second penetration to the sample line
termination inside the containment. Before a sample is taken, the line will
be purged by allowing containment gas to circulate through the loop for a
few minutes. Samples will be taken in a closed, pressure tight vessel which
can be removed from the line for transfer to the laboratory. Present plans
are to provide an independent sample line from each reactor containment fan
cooler unit up to and including the sample vesel location. Return lines into
the containment may be headered together. The local sample station will be
located as near to the containment penetrations as practical.
Sampling should begin between 24 hours and 48 hours post accident depending
on other, more critical, demands for operator attention. The actual sampling
operation should require only fifteen to thirty minutes per sample taken.
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Sampling errors will be minimized with the.planned arrangement because

1.

several sample locations are provided, one at each fan cooler;

2.

each sample location is in a continuously circulating, well mixed
containment air stream;

3.

the linear velocity of air flowing in the sample line is high
enough to permit thorough purging of the line in only a minute
or two;

4.

there is adequate turbulence in the sample line to provide a well
mixed sample at the sample vessel location.

Analytical error is small in the concentration range of interest. Repro
ducibility is about + 5% of the measured value when comparing the sample
with a known gas by the gas partitioner method.

To assure that stratification effects or sample errors would not.permit
all or parts of the containment to hold hydrogen in excess of the lower
flammable limit (4.1 v/o) when the measured concentration is 2.0 v/o, the
following checks were made.

First, it was determined that the minimum

reliable air circulation rate by three of the main ventilating blowers
within the containment had the capacity to recirculate the entire containment
air volume on the average 4.8 times an hour (or 210,000 cfm).

But the

calculated hydrogen generation rate during the first day post accident is
16,300 scf yielding a ratio of air circulation to hydrogen generation in
excess of 18,500:1.

Due to the decreased rate of hydrogen generation with

time, the ratio increases to an even greater value before the hydrogen
concentration in the containment reaches two per cent.
predicted generation rate, 24 hours

At the conservatively

are required to produce hydrogen in the

amount of one per cent of containment volume.

During this same period, the

entire atmosphere of the containment has been recirculated on the average
115 times.

Furthermore, the air handling system is designed to promote the

0
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-interchange of air in all regions of the containment to avoid the
possibility of accumulation of hydrogen in stagnant pockets or strata.
For example, in the highest part of the containment dome (above the top
spray ring), minimum air recirculation provides one air change approximately
every 61 seconds.

For these reasons it is concluded that the stratification

error is negligible.

Based on the fore going discussion, it is concluded that the two volume
percent design concentration for operating the recombiner provides more
than adequate margin for error associated with sampling the containment
atmosphere.

The calculated containment hydrogen concentration does not

reach two volume percent until 13 days post accident, so it is highly
unlikely that any significant concentration gradient will exist in the
containment when the recombiner is started.

Furthermore, since tests have

been run with a full scale recombiner system at hydrogen concentations up
to and including 3.5 volume percent hydrogen, a hydrogen concentration
between 2 and 3.5 volume percent at the recombiner suction would have no
(I )
adverse effect on the recombiner operation.

1.

WCAP-7301-L, Report of Test Results on Hydrogen Flame Recombiner,
submitted March 26, 1969, proprietary Westinghouse report.
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QUESTION 6.8
We understand that installation of the Westinghouse flame recombiner system
is being considered for the Indian Point II plant as an engineered safety
feature in order to control hydrogen evolved within the containment following
a loss-of-coolant accident.
b.

Provide suitable discussion and analyses to support the adequacy
of the design bases for operation of the recombiner system. This
should include, but not be limited to the following:
(4) Post-installation checkout and evaluation of the recombiner
system, including the planned processing setpoints.
(5) System testing procedures and frequency.

ANSWER
After installation the system will be checked out by operating the combustor.
At this time dampen position, blower differential pressure set point will be
established, combustor temperature confirmed, ignitor operation confirmed and
control panel and eas valve stand operation confirmed. After initial check
out, an operating check of the system will be performed periodically, as
specified in the Technical Specifications.

Q 6.8b(4&5)-l

Supplement 7
3/70

Question 7.1
In regard to the protection systems which actuate reactor trip and safety
feature action, the following information is requested:

a.

For those systems designed and built by Westinghouse, identify which
are identical to systems used in the Ginna Station. Discuss any
design differences in systems which are not identical to those used
in the Ginna Station.

b.

Where systems are designed and/or built by other than Westinghouse,
identify the supplier of the system. Also, identify any features
of the design which differ from the criteria of IEEE 279 and the

appropriate General Design Criteria.

Explain the reasons for such

differences.
Answer to Item a.
1.

Reactor Logic Protection System

The reactor protection system, as designed and built for Indian Point Unit 2,
is functionally identical to R. E. Ginna except as noted below.
1)

Turbine Trip/Reactor Trip
a. On R. Ginna, a turbine trip below '50% power (P-9) will
not actuate a reactor trip if the condenser is available
for steam dump; below %10% power (P-7), a turbine trip will
not actuate a reactor trip. On Indian Point Unit 2, above
.,lO% power (P-7) a turbine trip will always actuate a
reactor trip, below P-7 a turbine trip will not actuate
a reactor trip. The net effect of this difference is a
slightly more flexible design for R. Ginna, with both
designs satisfying IEEE 279.
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b. On R. Ginna a turbine trip signal is generated when both
main feedwater pumps are tripped, whereas no such signal
exists for Indian Point.

This signal is-generated in anti

cipation of the resultant decrease in steam generator water
level, however, and is not required for plant safety since
the reactor trips on low feedwater flow and low-low water
level will adequately protect the plant.

With regard to

these trips, the designs for R. Ginna and Indian Point are
basically identical, though the nomenclature is not.

For

Indian Point the low feedwater flow trip is called the
steam/feedwater flow mismatch trip and the low-low water
level trip is called the low level trip.

c.

On R. Ginna a turbine trip signal is generated when both
circulating water pumps are tripped, whereas no such signal
exists for Indian Point.

Again, this is an anticipatory

signal which is not required for plant safety.

The absence

of the signal would result in the turbine being tripped
by other signals, e.g. high condenser pressure.

It should

be noted that, except for the turbine trip following reactor
trip, no turbine trip signals are required for reactor
protection.

d.

For R. Ginna a turbine trip signal dumps the auto-stop oil
and closes all turbine stop valves simultaneously whereas,
for Indian Point a turbine trip signal redundantly dumps
the auto-stop oil which, in turn, closes all turbine stop
valves.

Conversely, for R. Ginna, a reactor trip or turbine

trip is generated by sensing the loss of auto-stop oil or
the closure of all turbine stop valves, whereas, for Indian
Point a reactor trip on turbine trip is generated by
redundantly sensing the loss of auto-stop oil.

Either design

satisfies IEEE 279.
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2)

Turbine Runbacks

..:A- turbine runback is employed for reactor protection following
'a rod drop accident. For R'. Ginna, which utilizes E-H turbine
..governor control, this is achieved by reducing both
the load
limit and load reference signals as required to achieve the required
load reduction; for Indian Point, which utilizes mechanical hydraulic
turbine governor control, this is achieved by reducingthe signal
to each of two load limit values as required to-achieVethe required
load reduction.

3)

Both designs satisfy IEEE-279.

Low Flow Protection

a.

For R. Ginna the reactor trip on underfrequency is generated
on a signal indicating an underfrequency condition on both
reactor coolant pump buses, with two signals per bus; for
Indian Point this trip function is generated on a signal
indicating an underfrequency conditionon two of four reactor
coolant pump buses, with one signal per bus.

The purpose

of this trip is to provide protection following a major network
frequency disturbance.

b.

Either design satisfies IEEE 279.

The undervoltage trip for R. Ginnais also generated on a
signal'indicating an undervoltage condition on both reactor
coolant pump buses, With two signals per bus, whereas for
Indian Point this trip function is generated on a signal
indicating'an undervoltage 'condit on
with one signal per bus.

iontwo Of four buses,

This trip is also' provided for

protection following a complete'loss of power.

Both designs

Ssatisfy'IEEE 279.'

c.

For R.;Ginna, on Reactor Coolant Pump bus underfrequency,
the reactor is tripped directiy and both reactor coolant
pumps are tripped; for Indian Point'all reactor coolant
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Pumps are tripped on underfrequency with this signal genera
ting a reactor trip.

In the event of a frequency disturbance,

the primary requirement is to release the Reactor Coolant
Pumps from the network to preserve their kinetic energy.
In this respect the Indian Point and R. Ginna designs are
identical.

For both R. Ginna and Indian Point, the minimum

DNBR during the accident is limited to a value above 1.30.

4)

Low Feedwater Flow Trip
(Steam/Feedwater Flow Mismatch Trip)

Figure 7.1-1 shows the implementation of the low feedwater flow
trip for both R. Ginna and Indian Point.

Though these are

implemented differently, they perform essentially identical
functions.

5)

Both satisfy IEEE 279.

Steam Break Protection

a.

Safety Injection System Actuation

For R. Ginna safety injection is actuated by low pressurizer
pressure coincident with low pressurizer water level, or high
containment pressure or low steam line pressure (not compersated)
in-either steam line; for Indian Point safety injection is
actuated identically for the first two items but Indian Point
does not use low steam line pressure for safety injection
actuation.

In lieu of steam line pressure, the following

signals actuate safety injection for Indian Point; 2/3 high
differential pressure between steam lines or 2/4 high steam flow
in coincidence with 2/4 low T

or 2/4 low steam line pressure.
avg
The reason for the difference in design is that the Indian
Point design, though suitable for a four loop plant, is not
desirable for a two loop plant; conversely, the R. Ginna
design is not completely desirable for a four loop plant.
Both designs satisfy IEEE 279.

0
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b.

Steam Line Isolation

For R. Ginna a steam line isolation signal is generated as
follows; manually, high-high containment pressure, 1/2
high-high steam flow with safety injection, and 1/2 high steam
flow with 2/4 low T
avg and safety injection. For Indian Point
a steam line isolation signal is generated similarly as
R. Ginna for the first two items.

Steam line isolation is

also caused by 2/4 high steam flow in coincidence with
2/4 low Tavg or 2/4 low steam pressure.

Again, the difference

in design can be attributed to the difference in reactor
coolant loops. Either design satisfies IEEE 279.

2.

Nuclear Instrumentation System

The Nuclear Instrumentation Systems for both Indian Point Unit 2 and R. Ginna
are the same with the exception of the power range nuclear detectors.

The

Indian Point Unit 2 power range detectors are housed in an assembly which
permits only fast flux to pass to the detector (i.e. fast flux detector)
whereas the power range detectors for R. Ginna are not housed in such
assembly, thus are sensitive to thermal as well as fast flux within the
vicinity of the detectors.

Answer to Item b.

Westinghouse designed and procured all systems which actuate reactor trip
and safety feature actions for the Indian Point Unit 2.

The design of

protective grade instrumentation and logic systems are in accordance with
IEEE 279.

The functional design is originated at Westinghouse with

equipment procurement through vendor supplies.

Equipment compatibility and

integration of component hardware is factored into the design by Westinghouse
or under the direct supervision of Westinghouse.
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QUESTION 7.6

Please submit your cable installation design criteria for preserving the
independence of redundant reactor protection system and engineered safety
feature circuits (instrumentation, control, and power).
For the purpose
of cable installation, the protection system circuits should be inter
preted in their broadest sense to include sensors, instrument cables,
control cables, and power cables (both a.c. and d.c.), and the actuated
devices (e.g., breakers, valves, pumps, etc.):
d.

Please discuss your criteria with respect to fire stops, protection
of cables in hostile environments, temperature monitoring of cables,
fire detection, cable and wireway markings, and the administrative
responsibility for, and control over, all of the foregoing (a-d)
during design and installation.

ANSWER

Firestops are provided where cable trays pass through walls and floors, and
enter switchgear or other equipment.

Three types of firestops are used ac

cording to the function of the cable in the tray (control, power, etc.) and
ventilation requirements of the areas involved.

The first type of firestop

is used in trays containing control cables passing through walls, floors, or
into equipment where an air seal is not required.

It is composed of two

aluminasilica ceramic fiber blankets, 36 inches long, laid in the tray and
compressed around the cables using a cable tray cover.

An ignited cable is

extinguished by this firestop because the ceramic fiber blanket cuts off the
oxygen supply.

The blanket has a low thermal conductivity and can be used

at temperatures up to 2300*F, without showing any physical change.

Even be
yond that temperature, it still retains its fire preventive characteristics.

Because of its low thermal conductivity and the fact that it covers three feet
of cable surface area, this blanket cannot be used with power cables, which
dissipate considerable amounts of heat.

In addition, it cannot easily be in

stalled in control trays, where an air seal of the wall or floor opening is
required for ventilation purposes.

The firestop used for these configurations

consist basically of (1) a transite sheet to substantially close the opening,
(2) Flamemastic 71A Mastic sprayed on the cables 6" on either side of this
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sheet, and (3) Flamemastic 71A Mastic trowelled into the cable tray on top
of the cables toseal any remaining air passage between rooms.

Flamemastic

71A has recently been accepted and used by a number of utilities for this
purpose.

It is non-toxic, not damaging to cable insulation, and requires no

derating of cables when applied over a one-foot section.

Tests by various

power companies and cable manufacturers have shown that a 1/16" coating of
Flamemastic 71A will not burn through after 15 minutes exposure to a propane
torch at 2050'F.

The third type of firestop is used only for openings in the floor where con-.
trol or power cables enter switchgear, motor control centers, supervisory
cabinets, or other equipment from the tray below.

This configuration com

bines packed fiberglass with a 1/4" coating of Flamemastic 71A sprayed on
either side of the closure.

It provides both protection and separation of

cables as they pass through the floor.

This type of fire stop is used where

control cables enter the panel in the control room.

Cables are protected in hostile environments by a number of devices.

Running

the cable in rigid, galvanized conduit is the most frequently used method of
protection.

For underground runs, PVC heavy wall conduit encased in a con

crete envelope provides maximum protection.

When cable is -run in tray, peaked

covers are used in areas where physical damage to cables may result. from fall
ing objects or liquids. In addition, covers are provided on horizontal cable
trays which are exposed to the sun.

Fire detection is provided for areas where there are large grouping of cables
in stacked cable trays.

These areas have been divided into six zones as

follows:

1.

Control Building

-

Elevation 15

2.

Control Building

-

Elevation 33

3.

Electrical Tunnel

4.

Primary Auxiliary Building

-

Piping and Electrical Tunnel

5.-

Containment Building

-

Piping Penetration Area

6.

Containment Building

-

Electrical Penetration Area
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The fire detection system consists of (1) ionization type detectors capable
of sensing the products of combustion before visible smoke, heat or flame
are initiated, (2) a zone indicating unit giving the location of the alarm
and (3) a fire-indicating unit, which designates loss of a.c. supply,
supervisory circuit trouble, or alarm. Because of the presence of this
system, • and the conservative rating of power cables, temperature moni
toring of cables is not required.

Cables and wireways are marked by means of zinc or aluminum tags attached
at each end. These tags are embossed to conform with the identification
given in the Conduit and Cable Schedule.

At each multiple conductor cable
termination, a card in a transparent plastic covering is attached and
marked to indicate color code, terminal designation, and service of each
conductor.

The control over and administrative responsibility for all of the above
during design and installation rests with United Engineers & Construction

Inc.

An automatically operated water fire spray system is installed within the
electrical tunnel. Provisions are included to prevent water from
entering or draining into the switchgear area in the control building. The
diesel-bus duct is completely insulated and will be protected from direct
spray impingement.

Redundancy and separation requirements are initiated by the cognizant elec
trical or mechanical design engineer. These are then received by the designers
of the electrical system installation, thus providing a check. The work
of
the designer, who prepares the applicable circuit schedule sheet, (which
designates the cable routing and termination), is spot checked by the
cognizant electrical engineer.
The construction group installs the cable as directed by the circuit schedule
sheet. The installations are followed by Westinghouse field engineers and
spot checks of circuit installations are made to further insure that the
installation is in accordance with the design. Consolidated.Edison will
spot check the installation.
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program covers in-detail the design and operation of Unit No. 2
with frequent field trips to enhance the classroom lectures.

-In

addition, the training program includes a six week refresher course
.in reactor theory.
It is expected that supervisory personnel will receive a total of
2160 hours of training and control room operators 1240 hours before
the Unit is placed in service.

The following is a breakdown of the

training time:
Supervisory
Personnel

Control Room
Operators

Off-site Training Program

240 hrs.

Conventional Plant Training
Sessions

680 hrs.

320 hrs.

1000 hrs.

680 hrs.

240 hrs.

240 hrs.

2160 hrs.

1240 hrs.

Nuclear Plant Training
Sessions
Reactor theory
Total

(b) Resumes of the qualifications of personnel from the supervisory level
up through the superintendent level are attached.
4.

In addition to those personnel whose responsibilities and training
relative to Unit No. 2 startup and-operations are described in 3 (a),
certain other key supervisory personnel such as the Performance
Superintendent and Supervising Engineer (Health Physicist) will
expand their present Unit No. 1 responsibilities to include those
associated with the operation of Unit No. 2. The Supervising
Engineer and the Assistant Supervising Engineer for nuclear plant
instrumentation attended portions of the off-site training program
relating to nuclear instrumentation and plant control and protection.
In addition, they have participated in pertinent on-site training
sessions, test procedure reviews and protective relay adjustments
on new equipment being placed in service.
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Members of the Performance Superintendent's staff have participated

in on-site training sessions which are relative to their particular
area of responsibility.- No formal training course is planned'for
the Chemist or Performance Technical Assistant; however, special
indoctrination programs will be given as required to acquaint these
personnel with any unique features of Unit No. 2 systems or

equipment.
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0

Steven H. Cantone - Production Engineer

Education:

Dumont High School, Dumont, New Jersey
from 1955 to 1959, Graduate.

Stevens Institute of Technology, Hoboken, New Jersey
from 1959 to 1963, Graduate.

Experience:

June 1963 to date

June 1963

-

Consolidated Edison Company of New York, Inc.

-

Employed as Cadet Engineer.

Assigned to Mechanical

Engineering Department.

December 1963

-

Transferred to Ravenswood Generating Station.

Assigned to Production Department staff.

June 1964

Transferred to Mechanical Construction Department
at Ravenswood Generating Station. Assigned to Unit No. 3
-

Turbine Construction.

December 1964 - Transferred to Production Department at
Ravenswood Generating Station. Assigned to Production staff.
June 1965 - Assigned to Production staff at Ravenswood Station.
March 1966 - Transferred to Indian Point Station. Under the
supervision of a licensed facility senior operator received
training on controls of the nuclear and conventional plants
of the Indian Point Unit No. 1 Facility.

December 1966 - Assisted in the administration of the reactor
operator training program on Unit No. 1.
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October 1967 -*Obtained

Senior Reactor Operators License for

Unit No. 1.

October 1967 - Participated in Unit No. 1 refueling program as
watch supervisor.

December 1967 - Participated as an assistant in the administration
of the reactor operator training program on Unit No. 1.

April 1968 - Attended a six week course sponsored by Westinghouse
Electric Corp. covering the design and operation of the Indian
Point Unit No. 2 Facility.

June 1968 - Since this date, has actively participated in the
Indian Point Unit No. 2 Facility startup program.

This has

included the preparation of written system descriptions and
procedures, involvement in plant preoperational testing and
attending the Indian Point Unit No. 2 facility formal training
program.

Has been responsible for the overall coordination of

the training program and administration of the reactor theory
lectures as well as lectures dealing with specific systems related
to the Indian Point'Unit No. 2 Facility.
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Anthony A. Karkosza - Acting Unit No. 2 Operations Superintendent

Education:

Brooklyn Tech. H.S.,.DeKalb Ave., Brooklyn, N.Y., from
1942 to 1946, graduate.

U.S.M.M.C.C. Academy, Kings Point,

N.Y., 1946 to 1950, B.S. degree.

Columbia University,

Morningside Heights, N.Y., M.S. degree in Industrial and
Management Engineering earned in.February 1969.

Experience:

1946 to 1950

-

U.S. Merchant Marine Cadet Corp.

Spent

time at sea aboard U.S. cargo ships, assuming the duties
of a Jr. Officer which at times involved being in charge
of the watch.

September 1950 to date

-

Consolidated Edison Co. of N.Y.

Inc.

September 1950 to 1956 - Production Engineer, Production
Department.

a.

Assigned to the Technical Staff to study and
improve the efficiency of power plant operation
at various generating stations.

b.

Training employees in more efficient operation.

c.

Has acted as Maintenance Foreman, boiler room
and turbine room, at one of the larger electric
generating stations.

1957

-

Followed design of Indian Point Station for

Production Department; reviewing and commenting on
specifications, drawings and proposals.
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1958

-

Attended Nuclear Engineering Course given by

Vitro Engineering Company equivalent to approximately
9 hours of college credit.

March 1958 to January 1960

-

On loan to Mechanical

Engineering Department, Nuclear Division.

Specified

and purchased maintenance and handling equipment
including fuel handling and associated core handling
equipment.

Associated with many facets of Indian

Point Plant design.

1959

-

Attended five week Vallecitos Boiling Water

Reactor Training School.

Participated in test program

involving repeated approaches to criticality and measur
ing of control rod scram times.

1960

-

Spent six months training and operating the

Engineering Test Reactor and the Materials Test Reactor
at-National Reactor Testing Station operated for the
Commission by the Phillips Petroleum Co.

In addition

to operating these facilities, participated in refueling
operations and various test 1oop programs.

1960

-

Attended the four month Shippingport Atomic Power

Station training school for the purpose of receiving
basic indoctrination in the theory, design and operation
of a pressurized water thermal reactor power plant.
November 1960 to October 1962

-

Production Engineer

assisting in the startup of Indian Point facility.
Duties included assisting in writing of operating and
test procedures and supervision of installation of
equipment.

From the time of initial fuel loading

until October 1962, functioned as Shift Supervisor in
charge of the watch.

As such, supervised all facility

operations, and during off hours, was in full charge
of the facility.
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October 1962 to November 1963

-

Conventional Plant

Superintendent, Indian Point facility, directly responsible
for operation and maintenance of conventional portion of
facility.

September 1963

-

Received Senior Reactor Operators License

for Unit No. 1 SOP-154 which is maintained to date
(September 1969 SOP-154-3).
November 1963 to September 1966

-

Reactor Engineer, Indian

Point Facility, a counter part line title of Conventional
Plant Superintendent except being directly responsible for
operation and maintenance of the nuclear portion of the
facility.

September 1966 to April 1969

-

Superintendent Unit No. 1

Nuclear Plant.

April, 1968

-

Attended a six week course sponsored by

Westinghouse Electric Corp. covering the design and operation
of the Indian Point Unit No. 2 Facility.

April 1969

-

Duties refined to slowly phase out responsibilities

for Unit No. 1 Superintendent functions and devote more time
on Unit No. 2.
June 1968 to date

-Has

actively participated and directed the

Indian Point, Unit No. 2 Facility start-up program.

This has

included preparation and review of written system descriptions
and procedures, involvement in plant pre-operational testing
and attending the Indian Point Unit No. 2 Facility training
program.
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John M. Makepeace

-

Reactor Engineer

Education:
Sanford High School, Sanford, North Carolina, from 1936

-

1941,

Graduate.
Purdue University, West Lafayette, Indiana, from 1941
Graduate.

-1943,

B.S.M.E. degree

Purdue University, West Lafayette, Indiana, from 1946 to 1948,
Graduate.

M.S.M.E. degree

Experience:
U.S. Navy, Ensign, Assistant Ship Superintendent
for yard and District Craft at N.Y. Naval Shipyard.
1945 to 1946

-

U.S., Navy, Ensign, Assistant "M" Division Officer aboard
U.S.S. Missouri. Honorable Discharge.
1946

-

1948 to 1965

-

Employed by Babcock and Wilcox Company, New York,

New York.
Field Service Engineer in the Babcock and
Wilcox Stationary Service Department, responsible for the
startup and servicing of the Company's products. These
1948 to 1955

-

products ran the gamut from small fuel burning assemblies
to large central station steam generators rated at a million
pounds of steam per hour or more. This work consisted of
equipment startup and coordination of all Company activity on
the job, with the customer, his consulting engineer, sub
contractors to Babcock and Wilcox, and with other contractors
and equipment suppliers involved in the startup. It included
the training of customer personnel in the proper and safe
operation of the equipment, conducting all necessary testing
to see that the equipment supplied met the design requirements
and guarantees.
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Charles Clifford Limoges

-

Production Engineer

Education:

Woodrow Wilson Vocational High School, Queens, N.Y.
from 1953 to 1957, Graduate.

Delahanty High School, Jamacia, New York.
from 1958 to 1959, High School.

Jamacia High School, Jamacia, New York
from Jan. 1960 to June 1960.

City College of New York, Manhattan, New York
from 1960 to 1965, Graduate.

Experience:

June 1957 to September 1960 - Apprentice joiner, N.Y. Naval Shipyard,
Brooklyn, New York.

June 1961 to September 1961 - Cabinet makers helper, laminated veneers,
Richmond Hill, New York.

August 1962 to September 1962 - Frazer operator, S.M. Frank and Co.
Richmond Hill, New York.

August 1963 to September 1963 - Electric wirer (refrigerators)
Traulsen Refrigerator Co., Flushing, New York.

August 1964 to date - Consolidated Edison Company of New York, Inc.

August 1964 - Employed as Jr. Production Technician and assigned
to Astoria Station Performance Division.

June 1965 - Assigned to Production staff duties at Astoria Station.
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June 1966

Transferred to Mechanical Engineering Bureau.

-

Assigned to Nuclear Division.

December 1966

-

Transferred to Indian Point Station with the

title of Production Engineer.

Under the supervision of a

licensed facility senior operator received training on controls
of the nuclear and conventional plants of the Indian Point,
Unit No. 1 facility.
October 1967

-

Obtained senior operator license No. SOP-953,

issued by the Atomic Energy Commission.
April 1968

-

Attended a six week course sponsored by Westinghouse

Electric Corp. covering the design and operation of the Indian
Point, Unit No. 2 facility.

June 1968

-

Since this date has actively participated in the

Indian Point, Unit No. 2 facility startup program.

This has

included preparation of written system descriptions and pro
cedures, envolvement in plant pre-operational testing and
attending the Indian Point, Unit No. 2 facility formal training
program.
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WilliamA. Monti

-

Production Engineer

Education:
DeWitt Clinton High School, Bronx, New York
from 1954 to 1957, Graduate.
State University of New York, Maritime College
Fort Schuyler, Bronx, New York
from 1957 to 1962, Graduate.

*Experience:
June 1962 to August 1962
Service

-

Assistant Engineer, U.S. Naval

-Third

MSTS, Brooklyn, New York.

September 1962 to December 1964

-

Assistant Project Engineer

(Nuclear), Foster Wheeler Corporation, Livingston, New Jersey.
December 1964 to April 1967

-Project

Engineer (SSW Nuclear

Project), General Dynamics/Electric Boat Division, Groton,
Connecticut.
May 1967 to date

Engineer

-Production

Employed as a Production Engineer at Indian Point Station
under the supervision of a licensed facility senior operator
received training on controls of the nuclear and conventional
plants of the Indian Point Facility Unit No. 1.
October 1967 received a Senior Reactor Operator License for
Indian Point Unit No. 1.
October 1967 to April 1968 acted as a Staff Engineer at Indian
Point Station.
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April 1968 to June 1968 attended a six week course sponsored
by Westinghouse Electric Corp. covering the design and operation
of Indian Point Unit No. 2.

June 1968 to date - Participating in Unit No. 2 startup program.
This has included preparation of written system descriptions
and procedures, involvement in plant preoperational testing and
attending on site Unit No. 2 formal training program.

Acting as

co-ordinator of startup test program for Unit'No. 2.

January 1968 - Participated in refueling of Indian Point Unit
No. 1.

Acted as part of a shift refueling crew on refueling

elevation of containment.

July 1969

-

Task Force.

Appointed as a member to Company Quality Assurance
The group functions to support quality requirements

on Nuclear plants.
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April 1968

-

Obtained Senior Reactor Operator License for

Unit No. 1.

April 1968

-

Attended a six week course sponsored by

Westinghouse Electric Corp. covering the design and
operation of the Indian Point, Unit No. 2 Facility.

June 1968

-

Since this date has actively participated

in the Indian Point, Unit No. 2 Facility startup program.
This has included preparation of written system descriptions
and procedures, involvement in plant pre-operational testing
and attending the Indian Point, Unit No. 2 Facility formal
training program.
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QUESTION 12.3 REVIEW AND AUDIT
Provide the following information relative to the Nuclear Facility Safety
Committee:

ANSWER

Re:

Nuclear Facilities Safety Committee

1.

Any four members or their designated alternates shall constitute a
quorum.

2.

As stated on page 12.5-1 of the Unit No. 2 Final Safety Analysis Report,
the Nuclear Facilities Safety Committee,' which was established on April 23,
1962 for Unit No. 1, will also perform the same function for Unit No. 2.
At the time the Committee was-first established, it was the basic intent
of management that the membership be well versed in all of the important
disciplines relative to the generation of electrical power with nuclear
energy. With this criterion in mind, responsible engineers, experienced
in the fields of nuclear engineering, nuclear chemistry, nuclear in
strumentation and control and radiation protection, were selected from
various departments within the Company for Committee membership. The
soundness of this criteria has been proved by the over seven years of
successful operation of Unit No. 1 and it is the intent of the Company
to maintain the same selection criteria for Committee membership.

3.

The committee shall meet at least quarterly, and at more frequent intervals
as required.

4.

Specific functions and responsibilities of the Committee
a)

When requested by the General Superintendent of the facility, the
Committee shall review (a) any proposed change in the facility,
(b) any proposed change in the procedure described in the Final
Safety Analysis Report and (c) any proposed test or experiment to
be conducted therein, to reach a determination whether such proposed

12.3-1Supplement2
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change, test or experiment involves an unreviewed safety question as
defined in the facility Operating License or involves a change in
or deviation from the Technical Specifications.

If the General Superintendent decides to make a change in the facility
or operating procedures, or to conduct a test or experiment, and
concludes that the proposed change, test or experiment does not
involve a change in the Technical Specifications or an unreviewed
safety question, he may order the change, test or experiment to be
made, shall enter a description thereof in the operating records of
the facility, and shall send a copy of the instructions pertinent
thereto to the Chairman of the Committee. If the Chairman of the
Committee, upon reviewing such instructions, is of the opinion that
the change, test or experiment is of such nature as to warrant con
sideration by the Committee, he shall order such consideration.
If the General Superintendent desires to make a change in the facility
or operating procedures or to conduct a test or experiment which in
his opinion might involve a change in the Technical Specifications,
might involve an unreviewed safety question or might otherwise not
be in accordance with said License, he shall not order such change,
test or experiment until he has referred the matter to the Committee
for review and report. If the Committee is of the opinion that the
proposed change, test or experiment does not required approval by
the Atomic Energy Commission under the terms of said License, it
shall so report in writing to the General Superintendent together
with a statement of the reasons for the decision and the General
Superintendent may then proceed with the change, test or experiment.
If, on the other hand, the Committee is of the opinion that approval,
including an appropriate safety analysis in support of the request,
and forward its report and request to the Vice Presidents in charge
of Engineering, Production and Distribution Operations for their
review with a copy to the General Superintendent.

One of said

Vice Presidents shall thereupon forward the report and request to

Q 12.3-2

Supplement 2
10/69

0

the Atomic Energy Commission for approval unless, after review,
the Vice Presidents either (a) disagree with the opinion of the
Committee that' approval of the Atomic Energy Commission is required
or (b)'decide that the proposed change, test or experiment is not
necessary from the standpoint of Company policy or operations.

b)

The Committee shall review facility operation, including equipment,
from time to time to determine their adherence to the requirements
of said License and shall make reports of the results of such
review to the General Superintendent and to the Vice Presidents
of the Company in charge of Engineering, Production and Distribution
Operations.

If during a review by the Committee of facility operations and
equipment the Committee determines that a variation from the Technical
Specifications or an unreviewed safety'question exists, the Committee
shall immediately notify the General Superintendent who shall take
any steps needed to assure safety.

The Committee shall then prepare a report recommending, as appropriate
a change in the facility, in the operating procedures or in the
Technical Specifications, together with any appropriate Safety
Analysis.

The Committee shall forward its report, together with a

request for approval by the Atomic Energy Commission, to the
above designated Vice Presidents, with a copy to the General
Superintendent.

c)

The Committee shall make such other studies and analyses of station
organization, operations and procedures as may be
requested by the
General Superintendent or by corporate officers of Consolidated
Edison.
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5.

Written minutes of all meetings shall be prepared.

These minutes

shall be transmitted to the Vice Presidents in charge of Engineering,
Production and Distribution Operations, with copies to the General
Superintendent and each member of the Committee.

Copies of all

meeting minutes are made available to the local AEC Compliance
inspectors during routine plant visits.
A report describing the results of periodic facility reviews by
Committee members shall be transmitted to the General Superintendent
and to the Vice Presidents of the Company in charge of Engineering,
Production and Distribution Operations.

If a reiview by the Committee of facility operations and equipment
discloses variation from the Technical Specifications or an
unreviewed safety question, the Committee shall immediately notify
the General Superintendent.

The Committee shall then prepare a

report recommending as appropriate, a change in the facility, in
the operating procedures or in the Technical Specifications, together
with any appropriate safety analysis.

The Committee shall then

forward its report, together with a request for approval by the
Atomic Energy Commission, to the Vice Presidents mentioned above,
with a copy to the General Superintendent.

Q 12.3-4

Supplement 2
10/69

No. 1 - Loss of Load

A turbine trip results in the maximum load loss which can be suffered by
the plant.

The most severe plant conditions that could result from a

loss of load occur if one postulates that the plant is initially operating
at full power without any subsequent action from either the Reactor
Protection System or the Reactor.Control System.

Such an accident, would, of

course, be terminated almost immmediately by the Reactor Protection
System as discussed in detail in WCAP-7306.

A summary of Reactor Trip

signals that would terminate the accident is given in Table 1.

Since these trip signals are both redundant and diverse, the assumption
that the Reactor Protection System failed to trip the reactor is certainly
not a credible situation.

Nevertheless, the loss of load analysis was

performed assuming that all reactor trip signals generated by the Reactor
Protection System are inactive.

Additional conservatism was introduced

by the following assumptions.

1.

The initial reactor power, coolant temperatures, and pressure are
at extreme values consistent with steady state, full power operation,
including errors for calibration and instrumentation.

This results

in the maximum power difference for the load loss and the minimum
margin to DNB at the initiation of the accident.

2.

No control due to rod insertion assumed.

3.

A conservatively small beginning of life moderator coefficient and
a conservatively large power coefficient were assumed.

A large

Doppler coefficient opposes the effect of the moderator coefficient
in reducing power when the reactor coolant temperature increases.
Only the beginning of life results are presented since a large
moderator coefficient at the end of life reduces the nuclear power
and results in an increasing DNBR.
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Results are presented with and without primary pressure control
(pressurizer spray and power operated relief valves).

Neglecting pressure

control results in the maximum primary pressure during the transient
and including pressure control results in the minimum DNBR.

Figure 14.7.1-1 and 14.7.1-2 show the transient response for a loss of load
at the beginning of life without primary pressure control. The steam pressure
increases to the steam generator safety valve set point (1133 psia including
3% accumulation) and limits the increase in reactor coolant temperature
to a constant value.

Nuclear power is reduced to a value dependent on

the change in reactor coolant temperature.

The DNBR reaches a value of

1.62 in the hot channel and 1.72 in the hot assembly due to the increase
in reactor coolant average temperature.

At no time is there any danger

of reactor coolant system overpressurization or DNB.

Figure 14.7.1-3 and 14.7.1-4 are the beginning of life case with primary
pressure control.

The effect of the pressurizer spray and relief valves can

be seen in that the rate of increase in primary pressure is not as great as
for the uncontrolled beginning of life case.

Also after the initial

surge in primary pressure, which reaches the safety valve set point, the
pressure is reduced to the relief valve set point and eventually to the
spray cutoff point.

Because of the reduction in primary system pressure

due to pressure control, the DNBR is reduced to 1.45 in the hot channel
and 1.55 in the hot assembly.

In the analysis no credit is taken for the effect of void feedback on
power distribution.

However, the results show that a total loss of load

presents no hazard to the Reactor Coolant System or Steam System.

The

minimum DNBR in the hot assembly for the beginning of core life with
pressure control is well above the limit of 1.0.

In fact in this case

the minimum DNBR at the hot spot is greater than the Reactor Protection
System Design value of 1.30.

0
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Table 1

1.

Direct Reactor Trip (On Turbine Trip)

2. .High
3.

Table
List 1 of Protective Trip Functions

Pressurizer Pressure Trip

High Pressurizer Level Trip
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No. 2

-

Excessive Load.Increase

The most severe core conditions that could result from a credible load
increase occur if one postulates a simultaneous accidental opening of
all steam dump valves when the plant is operating at full power.

Such an

accident would, or course., be terminated almost immediately by the Reactor
Protection System as discussed in detail in WGAP-7306.

A summary of Reactor

Trip signals that would terminate the accident is given in Table 1. Since
these Reactor Trip signals are both redundant and diverse, the assumption
that the Reactor Protection System failed to trip the reactor is certainly
not a credible situation.

Nevertheless, the excessive load increase

analysis was performed assuming that all reactor trip signals generated
by the Reactor Protection System are inactive.

Additional conservatism

was introduced by performing the analysis at a much higher rating,- a higher
peak heat flux, and a higher primary average temperature, resulting in
a lower initial DNB ratio thus resulting in less margin to the hot assembly
Table 2 summarizes the differences between the Indian

DNBR limit of 1.0.

Point 2 plant rating and the plant rating used for this very conservative
analysis.
The increase in steam load results in a reduction in steam generator pressure
and temperature.

This, in turn, results in a reduction in primary temperature

and an increase in reactor power.

In the event that the reactor control

system is operating, the primary average temperature would be returned to
1 load value within approximately two minutes.
its design full

Because of

the increased heat flux across the steam generator, the primary to secondary
temperature drop will increase.
generator pressure.

This results in a reduction in steam

Since the turbine control valves are virtually fully

open at full power, the reduced steam pressure will limit the amount of
steam which can be drawn from the system through the turbine and the dump
valves.
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The following additional conservative assumptions were made:

1.

Steam dump capacity is 45%

2.

The reactor control system is in operation, and hence the primary

(Design 40%)

average temperature returns to its initial value in a short time.
In practice, rod withdrawal would be blocked by the nuclear overpower
rod stop.

3.

A large negative moderator coefficient and small Doppler power!
coefficient.

This minimizes the initial drop of primary temperatures.

The results of the analysis are shown on the attached figures (Figures 14.7.2-1
through 14.7.2-4), for both controlled-and uncontrolled-cases. Note- that the
maximum nuclear power is 125% of full power. Figure 14.7,2-4 shows the-locus of
the core limits with respect to DNB protection. This indicates that the
minimum DNB ratio in the hot channel will fall to 1.3 in approximately
one minute and will remain at this value until termination of the accident.
The DNB ratio for the hot assembly (not shown on the figure) will behave
in a similar manner and settles out at a value of 1.4.

It should be noted that the analysis assumed that the hot channel factors
remain constant at the design values during the accident while in actuality
the feedback effects will result in considerable flattening of the power
distribution.

Even ignoring:this effect, the limit of 1.0 in the hot

assembly is not exceeded any time during the accident.

Considering this

and the fact that the Indian Point 2 rating is well below the rating used
in the analysis, we conclude that the worst credible excessive load increase
accident with failure to initiate a reactor trip will not result in any
gross core damage.
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Table 1

0

List of Protective Trip Functions

Overpower nuclear trip.
Overtemperature delta T trip.
Overpower delta T trip.
Low steam generator water level.

Table 2

Indian Point Initial
Parameter

Power

(MWt)

)
Peak heat flux (BTU/hr-ft
*T

Value used
in Study

Rating

2758

3411

567,300

579,600

571

586

(OF)
av

2.00

Nominal DNBR
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No. 5

-Rod

Withdrawal Accident

A rod withdrawal accident may result from a control system malfunction which
causes the rod speed programmer to demand a rod withdrawal in the absence of
a temperature deviation of a power mismatch.

The most severe credible plant

conditions that could result from a rod withdrawal accident occur if one
postulates that the plant is initially operating at full power without any
subsequent action from either the Reactor Protection System or the Reactor
Control System.

Such an accident would, of course, be terminated almost

immediatly by the Reactor Protection System as discussed in detail in WGAP-7306.
A summary of Reactor Trip signals tht would terminate the accident is given
in Table 1.

Since these trip signals are both redundant and diverse, the assumption that
the Reactor Protection System failed to trip the reactor is certainly not a
credible situation.

Nevertheless, the rod withdrawal analysis was performed

assuming that all reactor trip signals generated by the Reactor Protection
System are inactive.

Additional conservatism was introduced by the following

assumptions.

1.

The initial reactor power, coolant temperatures, and pressure were
at extreme values consistent with steady-state, full power operation,
including errors for calibration and instrumentation.

This resulted in

the minimum margin to DNB at the initiation of the accident.
2.

The rod insertion began with control bank D at the rod insertion limit
low-low limit alarm setpoint and ended with bank D fully withdrawn.

This

corresponds a reactivity insertion of .3%.

3.

The reactivity insertion rate due to the rod withdrawal corresponded
to a bank of conservatively high rod worth being withdrawn at maximum
rod speed.

4.

The moderator coefficient of reactivity was assumed to be a function
of moderator density.

Values typical of beginning of life operation

where chosen in order to provide a conservatively low amount of reactivity
feedback due to changes in moderator temperature.
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5.

'The.Doppler coefficient of reactivity'was assumed to be a functioii of
fuel temperature. Values wer chosen so that the resultant amount of
feedback was conservatively low.

6.

Primary pressure control (pressurizer spray and power operated relief
valves) was assumed since this resulted in the minimum reactor coolant
system pressure and, thus, the minimum DNBR throughout the transient.

Initially the rod withdrawal results in linearly increasing values of pri
mary system. temperature and pressure and nuclear power. As the primary
average temperature and the fuel temperature increase, Doppler and moderator
feedback slow the rate of nuclear power increase considerably. When the
control bank is completely withdrawn (at t = 30 seconds), the continued
moderator feedback reduces the nuclear power to a steady state value of
120% of nominal.
The results of the overall plant simulation are shown in the attached figures.
The peak core heat flux was 136% of nominal,. while the steady state value was
Primary average temperature reached 603'F (figure
14.7.5-3). Figure 14.7.5-4 shows the DNB ratio vs. time for three core
locations, normal channel, hot assembly, and hot channel. This figure
indicates that even with the conservative assumptions used in the analysis
120% (figure 14.7.5-1).

an average channel in the core has a DNB ratio of 2.85 or better. The
DNB ratios for the hot assembly and hot channel are considerably lower,
with the values for these being 1.1 and .85 respectively.
It should be noted that the analysis assumed that the hot channel factors
remained constant at the design values during the accident while actually
the core feedback effects would result in considerable flattening of the
power distribution.
minimum DNB ratio.

This effect by itself would significantly increase the
However, even ignoring this effect, the limit of 1.0 in

the hot assembly is not exceeded at any time during the accident. Therefore,
it is concluded that the rod withdrawal accident with failure to initiate
reactor trip will not result in any gross core damage.
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Table 1

List of Protective Trip Functions

1.

High Nuclear Flux Reactor Trip.

2.

Overpower delta T.

3.

Overtemperature delta T.

4.

High pressurizer pressure.

5.

High pressurizer level.
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No. 6

-

Startup Actcident

The most severe core conditions which could-result from a startup accident
occur if one postulates the complete withdrawal of a RCC bank, while the
plant is at hot zero power, without any subsequent action from the Reactor
A startup accident from hot zero power would be more
severe than one from cold zero power because the higher initial temperature
results in a higher overall heat transfer coefficient, a less negative
Doppler temperature coefficient, and an increased fuel thermal capacity.
Protection System.

A startup accident would, of course, be terminated almost immediately by
the Reactor Protect ion System as discussed in WCAP-7306. A summary of
Reactor Trip signals that would terminate the accident are given in Table I.
Since the trip signals are both redundant and diverse, the assumption that.
the Reactor Protection System failed to trip the reactor is certainly not
a creditable situation. Nevertheless, the startup accident analysis was
performed assuming that all Reactor Trip signals generated by the Reactor
Protection System are inactive.
The withdrawal of an RCC bank results in a positive reactivity insertion and,
is characterized by a very fast rise in neutron flux. The flux rise continues
until it is terminated by the reactivity effect of the negative Doppler fuel
coefficient.

The neutron flux then falls until a steady-state value is

reached where the reactivity insertion is balanced by the reactivity effects
of fuel temperature and moderator density. The neutron flux rise is accompanied
by a rise in the thermal flux, which lags the neutron flux, and, of course, by
an increase in both reactor coolant system temperature and pressure.
The-following assumptions were made in the analysis:

1.

The plant was initially at hot zero power and nominal coolant flow.'

2.

A total reactivity insertion of 1% was assumed.
the complete withdrawal of one RCC bank.

This is representative of
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3.'

A conservatively high reactivity insertion rate of 8 x 10

6k/sec.

was assumed.

4.

The moderator coefficient of reactivity was assumed to be a function
of moderator density.

Values were chosen so that a conservatively

low amount of feedback resulted as typical of beginning of core life
conditions.

5.

The Doppler coefficient of reactivity was assumed to be a function of
fuel temperature.

Values
were chosen so that the resultant amount of
/

feedback was conservatively low.

Two cases were analyzed:

(1)

assuming pressure relief via pressurizer spray

and the pressurizer relief valves, and (2) pressure relief only via the
pressurizer safety valves.

Results are shown for both cases where a sign

ificant difference existed.

Figure 14.7.6-1 shows the neutron flux response and the thermal flux response.
THe peak value of neutron flux is 400%; the steady-state value is 68%.
It can be seen that the thermal flux lags the neutron flux and that the
peak value and steady-state value coincide at 68%.

No significant difference

was found between the two cases studied.

Figures 14.7.6-2 and 14.7.6-3 show, respectively, the reactor coolant
system and pressure responses for both cases.

Steam relief through the

secondary system safety valves allows the reactor coolant system to reach
a steady-state.

As before, there is no significant difference in the

temperature response between the two cases studied.

Figure 14.7.6-4 shows the hot channel DNB ratio as a function of time during
the transient.

It should be noted that the hot channel DNB ratio did not drop

below 1.30 during the transient.

The hot assembly DNB ratio (not shown in

the figure) was greater by approximately 0.10 throughout the transient.

It should be noted that the analysis assumed that the hot channel factors
remain constant at the design values during the accident while in actuality
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the core feedback effects will result in considerable flattening of the
power distribution.

Even ignoring this effect, the DNBR limit of 1.0 in

the hot assembly is not exceeded at any time during the accident.

In

fact, the miiLimum DNB ratio at the hot channel is even above the Reactor
Protection System design value of 1.30.

Therefore, it is concluded that

the startup accident with failure to initiate a reactor trip will not result
in any gross core damage.

Table 1

List of Protective Trip Functions

1.

Source Range High Neutron Flux Reactor Trip

2.

Intermediate Range High Neutron Flux Reactor Trip

3.

Power RAnge High Neutron Flux Reactor Trip

4.

a.

Low Setting

b.

High Setting

Pressurizer High Pressure Reactor Trip.
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design operating temperature of the coils is 200°C.

can

e determined by resistance measurement.

outsi

Average coil temperature

Forced air cooling along the

of the coil stack maintains a coil casing temperature of approximately

120°C o

lower.

Drive Shaf

Assembly

The main funct on of the drive shaft is to connect the control rod to the
mechanism latch
located throughou

Grooves for engagement and lifting by the latches are
the 144 in. of control rod travel.

The grooves are spaced

5/8 inch apart to c-incide with the mechanism step length and have 450 angle
sides.

The drive shaft is attac

d to the control rod by the coupling. The coupling

has two flexible arms whic

engage the grooves in the spider assembly.

A 1/4 inch diameter disconnect

od runs down the inside of the drive shaft.

It utilizes a locking button at
rod.

s lower end to lock the coupling and control

At its lower end, there is a

isconnect assembly.

of the drive shaft assembly from the
the drive rod actuates the connect/disc

ntrol rod, a button at the top of
nect assembly.

During plant operation, the drive shaft asse
control rod at all times.

For remote disconnection

It can be attached

ly remains connected to the
d removed from the control

rod only when the reactor vessel head is removed.

Position Indicator Coil Stack

The position indicator coil stack slides over the rod tra el housing section
of the pressure vessel.

It detects drive rod position by m ans of cylindrically

wound differential transformer which span the normal length o
(144 inches).

3.2.3-27

the rod travel

Drive Mechanism Materials

All parts exposed to reactor coolant, such as the pressure vessel, latch
assembly and drive rod, are made of metals which resist the corrosive action
of the water.

Three types of metals are used exclusively: stainless steels, Inconel X,
and cobalt based alloys.

Wherever magnetic flux is carried by parts exposed

to the main coolant, 400 series stainless steel is used.

Cobalt based alloys

are used for the pins, latch tips, and bearing surfaces.

Inconel X is used for the springs of both latch assemblies and 304 stainless

steel is used for all pressure containment. Hard chrome plating provides
wear surfaces on the sliding parts and prevents galling between mating parts
(such as threads) during assembly.
Outside of the pressure vessel, where the metals are exposed only to the
reactor plant container environment and cannot contaminate the main coolant,
carbon and stainless steels are used.

Carbon steel, because of its high

permeability, is used for flux return paths around the operating coils.
It is zinc-plated 0.001 inch thick to prevent corrosion.
Principles of Operation

The drive mechanisms shown schematically in Figure 3.2.3-13 withdraw and
insert their respective control rods as electrical pulses are received by
the operator coils.

ON and OFF, sequence, repeated by switches in the power programmer causes
either withdrawal or insertion of the control rod. Position of the control
rod is indicated by the 'differential transformer action of the position
indicator coil stack surrounding the rod travel housing. The differential
transformer output changes as the top of the ferromagnetic drive shaft assembly
moves up the rod travel housing.

3.2.3-28

1.

Use of a stress concentration factor of 4 on assumed flaws in
calculating the stresses.

2.

Use of nominal yield of material instead of actual yield.

3.

Neglecting the increase in yield strength resulting from radiation
effects.

As part of the plant operator training program Westinghouse instructs
supervisory and operating personnel in reactor ve~ssel design, fabrication
and testing as well as present and future precautions necessary for pressure
testing and operating modes.

The need for record keeping is stressed, such

records being helpful for future summation of time at power level and
temperature which tends to influence the irradiated properties of the
material in the core region.

These instructions are incorporated in the

operating manuals.

Steam Generators

Glaculations confirm that the steam generator tube sheet will withstand the
loading (which is a quasi-static rather than a shock loading) by loss of
reactor coolant.

The maximum primary membrane plus primary bending stress

in the tube sheet under these conditions is 23,600 psi.

This is well

below ASME Section III yield strength of 41,400 psi at 650*F.

Because

the pressure in the primary channel head could drop to zero under the
condition postulated, no damage will result to the channel head.

The rupture of primary or secondary piping has been assumed to impose a
maximum pressure differential of 2250 psi across the tubes and tube
sheet from the primary side or a maximum pressure differential of 1100
psi across the tubes and tube sheet from the secondary side, respectively.
Under these conditions there is no rupture of the primary to secondary
boundary (tubes and tube sheet).

This criterion prevents any violation

of the containment boundary.

To meet this criterion, it has been established that under the postulated
accident conditions, where a primary to secondary side differential pressure
of 2250 psia exists, the primary membrane stresses in the tube sheet ligaments,

4.3-3

averaged across the ligament and through the tube sheet thickness,
does not exceed 90% of the material yield stress at the operating temperature;
in addition the primary membrane plus primary bending stress in the tube
sheet ligaments, averaged across the ligament width at the tube sheet surface
location giving maximum stress, do not exceed 135% of the material yield stress
at the operating temperature.

This criterion

is felt to be applicable to

abnormal operating circumstances in that it is consistant with the ASME, Nuclear
Pressure Vessel Code, Section III rules, Para. N-714, 2 for hydrotest limitations.

An examination of stresses under these conditions show that for the-case of
a 2485 psig maximum tube sheet pressure differential the stresses are
within acceptable limits.

These stresses together with the corresponding

stress limits are given in Table 4.3-3.

The tubes have been designed to the requirements (including stress limitations)
of Section III for normal operation, assuming 2485 psig as the normal
operating pressure differential.

Hence, the secondary pressure loss accident

condition imposes no extraordinary stress on the tubes beyond that normally
expected and considered in Section III requirements.

No significant corrosion of the Inconel tubing is expected during the
The corrosion rate reported in Reference (l*

lifetime of the plant.
show "worst cs"rtso159m/

generator operating-conditions.

2in the 2000 hour test under steam
Conversion of this rate to a 40 year

plant life gives a corrosion loss of less than 1.5 x 103 inches which is
insignificant compared to the nominal tube wall thickness of 0.050 inches.

In the case of a primary pressure loss accident, the secondary-primary pressure
differential can reach 1100 psig.

This pressure differential is less than

the primary-secondary design pressure differential (1520 psi) for normal
operation conditions.

Hence, no stresses in excess of those covered in

Section III rules for normal operation are experienced on the tube sheet for this

*Reference (1) W. E. Berry and F. W. Fink, "The Corrosion of Inconel in High
Temperature Water," Batelle Memorial Institute, April, 1958.
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5.2

CONTAINMENT ISOLATION SYSTEM

5.2.1

DESIGN, BASIS

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 the following postulated conditions:

a.

Any accident for which isolation is required (severely faulted conditions)
with

b.

A coincident independent single failure or malfunction (expected fault
condition) 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 valves

are provided as necessary in lines penetrating the containment to assure
that no unrestricted release of radioactivity can occur.

Such releases

might be due to rupture of a line within the containment concurrent with
a loss-of-coolant accident, or due to rupture of a line outside the containment
which connects to a source of radioactive fluid within the containment.

In general, isolation of a line outside the containment protects against
rupture of the line inside concurrent with a loss-of-coolant accident, or
closes off a line which communicates with the containment atmosphere in the
event of a loss-of-coolant accident.

Isolation of a line inside the containment prevents flow from thee reactor
coolant system or any other large source of radioactive fluid in the event that
a piping rupture outside the containment occurs.

A piping rupture outside the

containment at the same time as a loss-of-coolant accident is not considered
credible, as the penetrating lines are seismic Class I design up to and including
the second isolation barrier and are assumed to be an extension of containment.

5.2-1

The isolation valve arrangement provides two barriers between the Reactor
Coolant System or containment atmosphere, and the environment.

System design is such that failure of one valve to close will not prevent
isolation, and no manual operation is required for immediate isolation.
Automatic isolation is initiated by a containment isolation signals,
Section 7, derived either from any automatic safety injection signal,
("T" signal) or from a high containment pressure signal ("P" signal).

The containment isolation valves have been examined to assure that they are
capable of withstanding the maximum potential seismic loads.

To assure their adequacy in this respect:

a)

Valves are located 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 spanwould 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
operator forces are reviewed to assure that system function is preserved.
Seismic forces on the operating parts of the valve are small compared
to the other forces present.

d)

Control wires and piping to the valve operators are designed and
installed to assure 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.

5.2-2

Containment Isolation Valves Criterion

Isolation valves are provided as necessary for all fluid system lines
penetrating the containment to assure at least two barriers for redundance
against leakage of radioactive fluids to the environment in the event
of a loss-of-coolant accident.

These barriers, in the form of isolation

valves or closed systems, are defined on an individual line basis.

In

addition to satisfying containment isolation criteria, the valving is
designed to facilitate normal operation and maintenance of the systems
and to ensure reliable operation of other engineered safeguards systems.

With respect to numbers and locations of isolation valves, the criteria
applied are generally those outlined by the six classes described in
Section 5.2.2 below.

5.2.2

SYSTEM DESIGN

The six classes listed below are general categories into which lines pene
trating containment may be classified.

The seal water referred to in

the listing of categories is provided by the Isolation Valve-Seal Water
System described in Section 6.5.

1.

The following notes apply to these classifications.

The "not missile protected" designation refers to lines that are
not protected throughout their length inside containment against
missiles generated as the result of a loss of coolant accident.
These lines, therefore, are not assumed invulnerable to rupture
as a result of a loss of coolant.

2.

In order to qualify for containment isolation, valves inside the
containment must be located behind the missile barrier for protection
against loss of function following an accident.

5.2-3

3.

Manual isolation valves that are locked closed or otherwise closed
and under administrative control during power operation qualify
as automatic trip valves.

4.

A check valve qualifies as an automatic trip valve in certain
incoming lines not requiring seal water injection.

5.

The double disk type of gate valve is used to isolate certain
lines.

When sealed by water injection, this valve provides both

barriers against leakage of radioactive liquids or containment
atmosphere.

6.

In lines isolated by globe valves and provided with seal water
injection, the valves are installed so that the seal water wets
the stem packing.

7.

Excessive loss of seal water through an isolation valve that
fails to close on signal, is prevented by the high resistance
of the seal water injection line.

A water seal at the failed.

valve is assured by proper slope of the protected line, or a_
loop seal, or by additional valves on the side of the isolation
valves away from the containment.

8.

Isolated lines between the containment and the second outside
isolation valve are designed to the same seismic criteria as the
containment vessel, and are assumed to be an extension of
containment.

5.2-4

Class 5 (Normally Closed Lines Penetrating the Containment)

Lines which penetrate the containment and which can be opened to the containment
atmosphere but which are normally closed during reactor operation are
provided with two isolation valves in series or one isolation valve and
one blind flange.

One valve or flange is located inside and the second

valve or flange located outside the containment.

Class 6 (Special Service)

There are a number of special groups of penetrating lines and containment
access openings.

These are discussed below.

Each ventilation purge duct penetration is provided with two tight-closing
butterfly valves, which are closed during reactor power operation and are
actuated to the closed position automatically upon a containment isolation
or a containment high radiation signal.

One valve is located inside and

one valve is located outside the containment at each penetration.

The

space between valves is pressurized by air from the Penetration and Weld
Channel Pressurization System whenever they are closed.

The containment pressure relief line is similarly protected.

However, since

the line can be opened during reactor power operation, three tight closing
butterfly valves in series are provided, one inside and two outside the
containment.

These valves also are actuated to the closed position upon a

containment isolation or containment high radiation signal.

The two intra

valve spaces are pressurized by air from the Penetration and Weld Channel Pres
surization System whenever they are closed.

The equipment access closure is a bolted, gasketed closure which is sealed
during reactor operation.

The personnel air locks consist of two doors

in series with mechanical interlocks to assure that one door is closed
at all times.

Each air lock door and the equipment closure are provided

with double gaskets to permit pressurization between the gaskets by
the Penetration and Weld Channel Pressurization System, Section 6.6.

5.2-7

The fuel transfer 'tube penetration inside the containment is designed to
protected and pressurized double barrier between the
the containment. The
containmnt amosphere and th.e atmosphere outside

present a m isseil

penetration closure is treated in' a manner similar to the equipment access
hatch.

A positive pressure is maintained between these gaskets to complete

the double barrier between the containment atmosphere and the inside of the
fuel transfer tube.

The interior of the fuel transfer tube is not pressurized.

Seal water injection is not required for this penetration.

The following lines would be subjected to pressure in excess of the
Isolation Valve Seal Water System design pressure (150 psig) in the
event of an accident, due to operation of the recirculation pumps:

1.

Residual heat removal loop inlet line

2.

Bypass line from residual heat-exchanger outlet to safety
injection pumps suction.

These lines are isolated by double disc gate valves, which can be sealed
by nitrogen gas from the high pressure nitrogen supply of the Isolation
Valve Seal Water System.

A self contained pressure regulator operates

to maintain the nitrogen injection pressure slightly higher than the max
imum expected line pressure.

These valves are closed during power operation,

and the nitrogen gas injection is manually initiated.

Lines which communicate with the containment atmosphere at all times (normally
filled with air or vapor) include:

1.

Steam jet air ejector return line to containment

2.

Containment radiation monitor inlet and'outlet lines

5.2-8

In an accident condition the space between the two containment isolation
valves in each line are sealed by pressurizing with air from the Penetration
and Weld Channel Pressurization System.

The air is introduced into each

space at approximately 2 psi above the containment design pressure through a
separate line from the Penetration and Weld Channel Pressurization System.
Parallel (redundant) fail open valves in each injection line open on the
appropriate containment isolation signal to provide a reliable supply of
pressurizing air.

A flow limiting orifice in each injection line presents

excessive air consumption if one of these valves spuriously fails to open,
or if one of the containment isolation valves fails to respond to the "trip"
signal.

5.2.2.1

Isolation Valves and Instrumentation Diagrams

Figures 5.2-1 through 5.2-19 show all valves in lines leading to the atmosphere
or to closed systems on both sides of the containment barrier, valve actuation
and preferential failure modes, the application of "trip" (containment isolation)
signals, relative location of the valves with respect to missile barriers, and
the boundaries of Seismic Class I designed lines.

Figure 5.2720 defines the

nomenclature and symbols used.

5.2.2.2

Valve Parameters Tabulation

A summary of the fluid systems lines penetrating containment and the valves
and closed systems employed for containment isolation is presented in
Table 5.2-1.

Each valve is described as to type, operator, position indication

and open or closed status during normal operation, shutdown and accident
conditions.

Information is also presented on valve preferential failure mode,

automatic trip by the containment isolation signal, and the fluid carried
by the line.

5.2-9

Containment isolation valves are provided with actuation and control equipment
appropriate to the valve type.

For example, air operated globe and diaphragm

(Saunders Patent) valves are generally equipped with air diaphragm operators,
with fail-safe operation provided by the control devices in the instrument
air supply to the valve.

Motor operated gate valves are capable of being

supplied from'reliable on-site emergency power as well as their normal power
source.

Manual and check valves,'of course, do not require actuation

or control systems.

The automatically tripped isolation valves are actuated to the closed position
by one of two separate containment isolation signals.

The first of these

signals is derived in conjunction with automatic safety injection actuation,
and trips the majority of the automatic isolation valves.

These are valves

in the so-called "non-essential"* process lines penetrating the containment.
This is defined as "Phase A" isolation and the trip valves are designated by
trie letter "T" in the isolation diagrams, Figures 5.2-1 through 5.2-19.

This

signal also initiates automatic seal water injection (See Section 6.5).

The

second, or "Phase B", containment isolation signal is derived upon actuation
of the containment spray system, and trips the automatic isolation valves in
the so-called "essential"* process lines penetrating the containment.

These

trip valves are designated by the letter "P" in the isolation diagrams.

A manual containment isolation signal can be generated from the control room.
This signal performs the same functions as the automatically derive'd "T"
signal, i.e. "Phase A" isolation and automatic seal water injectioh....

Non-automatic isolation valves, i.e., remote stop valves and manual valves,
are used in lines which 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.

*"Non-essential" process lines are defined as those which do not increase
the potential for damage to in-containment equipment.when isolated. "Essential"
process lines are those providing cooling water and seal water flow through the
reactor coolant pumps. These services should not be interrupted unlessabsol
utely necessary while the reactor coolant pumps are operating. The steam jet
air ejector return line to containment is also classified as an "essential"
process line.

5.2-10

FAI

-

PC

-

Fail As Is
Fail Closed
FO
- Fail Open
LC
- Locked Closed
LO - Locked Open
BV - Butterfly Valve
DDV - Double Disc Gate Valve
Dia._ Diaphragm Valve
- Containment Isolation Signal
T
P
- Containment Isolation Signal
A
- Automatic
M
- Manual

RCS

ACS

TABLE 5.2-1
-

Phase A
Phase B

CONTAINMENT PIPING PENETRATIONS AND VALVING

WDS
SiS
SS
CVCS
VENT
SWS
FH
PPS

Reactor Coolant System
Auxiliary Coolant System
Waste Disposal System
Safety Injection System
Sampling System
Chemical and Volume Control System
Ventilation System
Service Water System
Fuel Handling
Penetration Pressurization System

(Page 1 of 9)

Posit.

Valve
No. or
Closed
System

Valve
Type

Accident

Posit.
On
Power
Fail

Cont.
Isolation
Trip

Posit.

Posit.

Oper.
Type

Indic.
In
Cont.
Room

Normal
Posit.

During
Shutdown

After

Penetration

Dia
aram

Pressurizer Relief
Tank to Gas Analyzer

5.2-1

A
B

Globe
Globe

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

5.2-1

A

Check

-

No

Closed

Closed

Closed

-

-

B
C

Dia.
Pres.

Manual
Self-

No
No

Open
Closed

Open
Closed

Open
Closed

As is
As is

Reg.

Contain.

A

Check

-

No

Closed

Closed

Closed

-

-

B
C

Dia.
Dia.

Air
Air

Yes
Yes

Closed
Closed

Closed
Closed

Closed
Closed

FC
FC

T
T

A

Check

-

No

Closed

Open

Open

-

B

DDV

Motor

Yes

Closed

Open

Open

FAI

A

DDV

Motor

Yes

Closed

Closed

Open

DDV

Motor

Yes

Closed

Closed

No
Yes

Closed
Closed

Closed
Closed

-

Sealing
Method

Used
After
Accid.

Fluid
Gas
Or
Water

Water (A)

No

G

Temp.•
Hot > 200OF

Cold <200°F

Notes

Cold

RCS

Pressurizer Relief

Tank N

2

Supply

-

RCS

Pressurizer Relief

5.2-1

Tank Makeup - RCS

Residual Heat

5.2-2

Removal Return ACS/SIS

Resid. Heat Removal
Loop - To S.I. Pumps

5.2-2
-AI

ACS/SIS
Sampling System-To
ACS/SS

No

CGCold

Water (A)

No

W

Cold

-

Nitrogen (M)

Yes

W

Cold

FAI

-

Nitrogen (M)

Yes

W

Cold

Open

FAI

-Safety

Closed
Closed

As is
FCeduring

-

Injection System

C.S...-.-.-.-.-...
A
B3

Globe
Globe

Manual
Air
Aaccident

Yes

W

Cold

May be used for sampling
shutdown and after

TABLE 5.2-1 (Cont'd)

CONTAINMENT PIPING PENETRATIONS AND VALVING
(Page 2 of 9)

6.

7.

8.

Penetration
and System

Dia
gram

Residual Heat Removal
Loop Out - ACS

5.2-2

Valve
Type

Oper.
Type

Posit.
Indic.
In
Cont.
Room

Gate
DDV
Gate
Gate

Motor
Manual
Air
Air

Yes
No
Yes
Yes

Closed
L.C.

Gate
Gate

Motor
Motor

Yes
Yes

Closed
Open

Closed
Open

Air
Air

Yes
Yes

Open
Open

Closed
Closed

Closed
Closed

Closed
Closed

Closed

Manual
Manual
Manual

Open
Open
Open
Closed

Closed

Manual
Manual

Open
Open
Open

Containment Sump
Recirculation Line
ACS/SIS

5.2-2

Letdown Line
CVCS

5.2-3

Globe
Globe

5.2-3

Check
Gate
Globe
Globe

9. Charging Line
CVCS

10.

Valve
No. or
Closed
System

Reactor Coolant
Pump Seal Water
Supply Lines - CVCS

5.2-4

Check
Globe
Needle

Posit.
Normal
Posit.

Open
Open

Posit.
During
Shutdown

Posit.

After
Accident

On
Power
Fail

Open
Open
Open
Open

Closed
Closed
Closed
Closed

FAI
As is
FC
FC

Open
Open

Closed
Closed

Closed
Open

Closed
Closed
Closed

Closed
Open
Open

Cont.
Isolation
Trip

Sealing
Method

Water

(A)

Water (A)

Used
After
Accid.

Fluid
Gas
Or
T.n

t-P-

warer

Temp.
Hot >2000 F
Cnld <200 0F

Nntes

Hot
Hot

Cold

T
T

Water (A)

Water

(M)

Cold

As is
As is
As is

Water (M)
As is
As is

Cold

Manual isolation when RC
pumps are stopped

TABLE 5.2-1 (Cont'd)

CONTAINMENT PIPING PENETRATIONS AND VALVING
(Page 3 of 9)

Posit.

11.

12.

13.

14.

;15.

Penetration
and System

Dia
gram

Reactor Coolant
Pump Seal Water
Return - CVCS

5.2-4

Reactor Coolant
System Sample Lines
- SS

Fuel Transfer Tube
- FH

Containment Spray
Headers (2) - SIS

Safety Injection
Headers

16.

F-3

5.2-5

5.2-5

5.2-6

5.2-7

(2) - SIS

Safety Injection
Test Line - STS

5.2-7

Valve
No. or
Closed
System

A
B1

Valve
Type

Oper.
Type

Indic.
In
Cot.
Room

DDV
Dia.
Dia.

Motor
Manual
Manual

Yes
No
No

Globe
Globe

Blind
Flange
Gate

DDV
Check
Globe

Gate
DDV
DDV

Globe
Globe

Air
Air

Manual

Open
Open
Closed

Open
Open
Open

Closed
Closed
Closed

Closed
Closed

Closed
Closed

Closed

No

Closed

Open
Closed
LC

Manual

Manual
Manual

Posit.
After
Accident

No

Manual

Motor
Manual
Motor

Normal
Posit.

Posit.
During
Shutdown

Yes
No
No

No
No

Posit.
On

Power
Fail

FAI
As i
As 1

Cont.
Isolation
Trip

Sealing
Method

Used
After
Accid.

Water(A

Closed

Closed

Closed
Closed
Closed

Open
Open
Open

Open

Closed

Closed
Closed

Notes

Water (A)

Closed
Closed

Open

Closed
Open

Temp.
Hot >200 0 F
Cold <200 0 F

Cold

Water (A)

Cold

As is
As is

Closed
LO

Fluid
Gas
Or
Water

Cold

As is
Cold

As is
As is

Cold

Closed

As is

Open
Open
Open

FAI

Water (N)

Yes

FAI
As is
FAI

Water

Yes

As is
As is

Water (A)

Cold

Closed

Water(A

Cold

Open

Closed
Closed

As is

(14)

Cold

Flange
is double
in gasketed
refueling
type, located
canal (Missile Protected)

TABLE 5.2-1

(Cont'd)

PENETRATIONS AND VALVING
CONTAINMENT PIPING
(Page 4 of 9)

Posit.
p oi .

No. or

In

Posit.

17.

Diagram

Accumulator
N2 Supply - SIS

5.2-8

Closed
System

19.

Accumulator
Sample - SS

Oper.
Type

Cont.
Room

Globe

Air
Self
Contain.
Manual

Yes
No

Open
Closed

Open
Closed

Closed
Closed

FC
As is

Closed

Closed

Closed

As is

Pres.

Reg.
Globe

Primary System
Vent Header And

Globe
Globe

5.2-8

N2 Supply Line - WDS

Reactor Coolant
Drain Tank To Gas
Analyzer - WDS

Closed

Closed
Closed

Closed
Closed

Closed

Closed

Air

Yes
Yes

Open
Open

Closed
Closed

Closed

Dia

Manual

No

Open

Open

Open

Check

-

No

Closed

Closed

Closed

SelfContain.

No

Closed

Closed

Closed

A
B2

Pres.Reg.

Dia
Dia

5.2-9

Yes
Yes

Closed
Closed

Closed
Closed
Closed

Air

C22

20.

Air
Air

Dia
Dia

5.2-9

On
Pwer
Power
Fail

Valve
Type

Yes
18.

During
Shutdown

Posit.
Aftr
After
Accident

r I
Normal
Posit.

No.
Penetration
and System

Posit .

Air
Air

Yes

Yes
Yes
Yes

Open

Open
Open

Closed

Open
Opese
Closed

Closed
Closed

Fluid
Cont.
soltion
Isolation
Trip

Used
fte
After
Accid.

Seaing
Sealing
Method

Gas
OrHot
r
Water

Temp.
>200 0 F
0
Cold
Cold<200 F
Cold
Cold

water

Gold

A

sa'

Water

Cold

~A)

Cold

N

Water (A)

As is

No

G

Cold

As is

Cold

Water (A)
water

Co ld

(A)

Closed

Cold

21.

22.

RCDT Pump
Discharge - WDS

Reactor Coolant
Pump Cooling
Water In - ACS

Dia
Dia

5.2-9

5.2-10

A
B
C

Check
DDV
Gate

Air
Air

Motor
Mot or

Yes

Yes

No
Yes
Yes

Open

Open

YeOpe OpenA
Open
Open

Open

Closed

Open
Open

Closed
Closed

Open

Closed

I

Closed

T

Water (A)

Cold

Water

(A)

Cold

Water

(A)

Cold

Closed

Closed
Closed
Closed
Closed

lves A & B opened
in ives A & B opened
termittently to take
ino
imple

Valve B is opened periodically
Valve B is opened periodically
by the gas analyzer

TABLE 5.2-1 (Cont'd)

CONTAINMENT PIPING PENETRATIONS AND VALVING
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No or
Closed
System

Valve
Type

Oper.
Type

Posit.
Indic.
In
Cont.
Room

valve

During
Shut down

Posit.
After
Accident

Posit.
On
Power
Fail

Cont.
Isolation
Trip

Posit.

Normal
Posit.

Sealing
Method

Fluid
Gas
Or
Water

Used
After
Accid.

Temp.
Hot
>200"F
Cold <200 0 F Notes

Penetration
and System

Dia
gram

Reactor Coolant
Pump Water Out (6")

5.2-10

A
B

DDV
Gate

Motor
Motor

Yes
Yes

Open
Open

Closed
Closed

Closed
Closed

FAT
FAX

P
P

Water (A)

W

Cold

5.2-10

A
B

DDV
Gate

Motor
Motor

Yes
Yes

Open
Open

Closed
Closed

Closed
Closed

FAX
FAX

P
P

Water (A)

W

Cold

- ACS

Reactor Coolant
Pump Cooling
Water Out (3")
- ACS

Residual heat exchanger is a

.....
Resid. Heat Exch.

5.2-11

C.S.

missile protectmd closed system

-

Cooling Water In

Resid. Heat Exch.
cooling Water

Component Cooling System

C.S.

- ACS

5.2-11

A

C.S.

Gate

Motor

Yes

Closed

Open

Open

FAI

Manual

No

Open

Open

Closed

As is

ae ..
Coln-....

Yes

-

W

Cold
-

---------

Component Cooling System

Return - ACS

Recirc. Pump

5.2-12

Cooling Water Supply
- ACS

Recirc. Pump
Cooling Water Return - ACS

5.2-12

A

Gate

C.S.

-

A

Gate

Manual

No

Open

Open

Closed

As is

B
C.S.

Gate

Manual

No

Open

Open

Closed

As is

-

-

No

-....--..

-.-..-.

-...

No

W

Cold

-

-

W

Cold

Component Cooling System

Component Cooling System

TABLE 5.2-1 (Cont'd)

CONTAINMENT PIPING PENETRATIONS AND VALVING
(Page 6 of 9)

Valve
No. or
Closed
System

Valve
Type

Oper.
Type

Posit.
Indic.
In
Cont.

Sealing
Method

Used
After
Accid.

Fluid
Gas
Or
Water

Posit.

Room

Normal
Posit.

Posit.
During
Shutdown

Posit.

Af ter
Accident

On
Power
Fail

Cont.
Isolation
Trip

Temp. >200 0 F
Hot

Cold

<2000 F Notes

Penetration
and Svstem

Dia
gram

29.

Excess Letdown
Heat Exchanger
Cooling Water In
ACS

5.2-13

A
B

Dia.
Dia.

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

Water (A)

No

W

Cold

30.

Excess Letdown
Heat Exchanger
Cooling Water Out
ACS

5.2-13

A
B

Globe
Dia.

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

Water (A)

No

W

Cold

31.

Containment Sump
Pump Discharge - WDS

5.2-13

A
B

Dia.
Dia.

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

Water (A)

No

W

Cold

Containment Air
Sample In - Rad.

5.2-14

A
B

Dia.
Dia.

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

Air (A)

No*

G

Cold

32.

33.

34.

F-6

is below 5 psig

Mon.

Mon.

Containment Air
Sample Out Rad. Mo.is

5.2-14

Air Ejector Discharge
To Containment Sec. Sys.

5.2-14

A
B

*May be opened for air
sampling following accident
when the containment pressure

Air
Dia.
Dia. •a.MnAir

Yes

Open

Open

Closed

FC

T

Yes

Open

Open

Closed

FC

T

Air (A)

No*

G

Cold

*May be opened for air
pressure
the containment
when
sampling
following accident

below 5 psig

A
B

Globe
Globe

Air
Air

Yes
Yes

Closed
Closed

Closed
Closed

Closed
Closed

FC
FC

P
P

Air (A)

No

G

Cold

TABLE 5.2-1 (Cont'd)
CONTAINMENT PIPING PENETRATIONS AND VALVING
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Posit.
Indic.

Valve
No. or

35.

Penetration
and System

Diagram

Main Steam Headers

5.2-15

Closed
System

A1
A2
A3
A4

Posit.

Posit.

Valve
Type

Oper.
Type

Cont.
Room

Normal
Posit.

During
Shutdown

After
Accident

Globe
Relief
Globe
Swing
Disc

Manual

No
No
No
Yes

Open
Closed
Open
Open

Open
Closed
Open
Closed

Open
Closed
Open
Open*

Manual
Air

Posit.
On
Power
Fail

As
is
As is

Cont.
Isolation
Trip

Sealing
Mlethod

Used
After
Accid.

Yes*

Fluid
Gas
Or
Water

Temp.
Hot >2000 F
Cold <2000 F

Hot

Notes

*Automatic
break onlyfor
steam line isolation

As is
FC

Piston

Steam Generator

C.S.
Hot
35a.

(To Aux.

F.W.

Pump Turbine)

A5

Open

Stop
Check

Closed

Open

Hot

As is

Steam Generator

C.S.

As
36.

Headers -

36a.

36b.

5.2-15

Main Feedwater
Sec. Sys.

Auxiliary Feedwater
Turbine Driven
Sec. Sys.

Auxiliary Feedwater

5.2-15

A
B

A
B

Gate
Check

Gate
Check

Manual

Op
en
Open

Closed
Closed

Closed
Closed

As is

Manual

Open
Open

Closed
Closed

Open
Open

As is
As is

Open

Closed

Open

Closed
Closed
Closed

Open
Open

Closed

Closed
Closed

5.2-15

A
B

Gate

Manual

No

Check

-

Open
Open

5.2-15

A
B

Globe
Globe

Air
Air

Yes
Yes

Closed
Closed

Motor Driven

No

open

Open

Sec. Sys.

37.

Steam Generator
Blowdown - Sec.

Sys.

Closed

Hot

is

As ±5
As is

H-ot

Yes
Yes

TABLE 5.2-1 (Cont'd)

CONTAINMENT PIPING PENETRATIONS AND VALVING
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Posit.

Penetration
and System

38.

39.

S.G. Blowdown
Sample - Sec. Sys.

Ventilation System
Cooling Water In
SWS

Diagram

5.2-15

5.2-16

Valve
No. or

Indic.
In

Closed
System

Cont.
Room

A
B

A
C.S.

Valve
Type

Globe
Globe

Gate

Oper.
Type

Air
Air

Manual

Yes
Yes

No

Used
Normal
Posit.

Closed

Closed

Posit.

Posit.

On

Cant.

During
Shutdown

After
Accident

Power
Fail

Isolation
Trip

Close

Closedgra

Closed

Closed

Closed

After
Accid.

Sealing
Method

Fluid
Gas
Or
Water

Temp.>200°F
Hot
Cold <200 0 F
Notes

Closed

Open

Open

Op en

Open

Open

Op en

As is
As is

Yes

Cold
Fan Cooler Units

Cold
40.

41.

Ventilation System
Cooling Water Out
SWS

Service Air
(Sec. Sys.)

5.2-16

5.2-17

A
C.S.

A
B

Gate

Globe
Globe

Manual

Manual
Manual

No

No
No

Open

Closed
Closed

Open

Open

As is

Closed
Closed

Closed
Closed

Closed

Closed

As is
As is
As is

Op er
Open
Open

Closed
Closed

Closed

Closed

Open
Op en

Onen

As is
As is

Cold

Fan Cooler Units

Water

Cold
Cold

(A)

Water(A

Cold
42.

Instrument Air
(Sec. Sys.)

5.2-17

A

open
open

Check
Press.- Air
Reg.

Open

Open
43.

F-8

Weld Channel
Pressurization Air
Supply (PPS)

5.2-17

A
C.S.

Dia.

Manual

No

Op en

Open

Cold

Yes

Cold

Yes

Cold

Penetration Pressurization
System

TABLE 5.2-1

(Cont'd)

CONTAINMENT PIPING
AND VALVING
9 of 9)
(Page PENETRATIONS

44.

Penetration
and System

Diagram

Dead Weight
Tester (Misc.)
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Valve
No. or
Closed
System

Valve
Type

Oper.
Type

Posit.
Indic.
In
Cont.
Room

Pnit.

Normal
Posit.

Posit.
During
Shutdown

Auxiliary Steam
Supply - Sec. Sys.

A
B

Globe
Globe

Closed
Closed

Manual
Manual

Closed
Closed
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A
C.S.

DDV

Manual

closed*

No

47.

Auxiliary Steam
Condensate Return
Sec. Sys.

City Water
- Sec. Sys.

Trip
------

Used
After
Accid.

Sealing
Method

Temp.>2000 F
Hot
Cold <200OF

Notes

&

5.2-18

5.2-18

Manual

A
C.S,

A
B

Closed
Closed

As is
As is

Ced

As is

Closed

As is

Co id

Water

(A)

Water

C'

.'-

-

fl~a

*May be opened during

A

*May
be opened
during
heating
for cont.
shutdown

Auxil. Steam System

Closed*
46.

Cont.
Isolation

Fluid
Gas
Or
Water

Cold

Closed*
45.

Posit.
After
Accident

CU.....
On
Power
Fail

Closed*

No

Closed
Closed

As is
As is

Water

LA)

water

(A)

-

TI

fl-.1 A
LIE)-LU

xnay oe

Purge Supply Duct
Vent. Sys.
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A
B

Auxiliary Steam System

Dia.
Dia.

Manual
Manual

No
No

Closed

Closed

Close
Closed

Closed

Closed

Closed

Closed
As is
As is

Water

LIO-LC1

)

Air
Air

Yes
Yes

Yes

Closed
Closed

Closed

Open
Open
Open

Closed
Closed

Purge Exhaust Duct

5.2-19

- Vent. Sys.

50.

Containment
Pressure Relief
Vent. Sys.
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A
B

A

B
C

Closed

Air

Air

Air
Air
Air

Closed

Yes
Yes
Yes

Yes

Closed
Closed
Closed
Closed

Open

Open

L,()J-(

high radiation signal

closed

Closed
Closed
Closed

Closed

Closed

Air (.k)

11
U01(i

Closed

Closed
Closed
Closed
Closed

rrinflsd closed by

high radiation signal

Air (A)

A 't

49.

uuL~I~±±e

shutdown for containment heating
AiayleaopeneSm
ysu
t
heating
shutdown for containment

*Alen

48.

opei±~u

C'1 -fl A

Air (A8)

L-Di-CL

*Al~

lsdb

rne

high radiation signal
-intermittently fur
pressure relief
nncrnrq
'-I-----

--

-

pressure
relief
closed by
tripped
*Aiso
high radiation signal
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CONTAINMENT VENTILATION SYSTEM

DESIGN BASIS

5.3.1

5.3.1.1

Performance Objectives

The containment ventilation system is designed to accomplish the following:

a)

Remove the normal heat loss from all equipment and piping in the
reactor containment during plant operation and to maintain a normal
ambient of 120'F, 35% R.H.

b)

Provide sufficient air circulation and filtering throughout all
containment areas to permit safe and continuous access to the reactor
containment within two 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 assure personnel access and safety during shutdown.

d)

Provide a minimum containment ambient temperature of 50*F during
reactor shutdown.

e)

Provide for purging of the containment vessel to the plant vent
for dispersion to the environment.

The rate of release does not

permit off-site dose to exceed one-tenth of that permitted by 10
GFR 20.

f)

Provide for depressurization of the containment vessel following
an accident.

The post-accident design and operating criteria are

detailed in Section 6.

5.3-1

In order to accomplish these objectives the following systems are provided:

a)

Containment Recirculation Cooling and Filtration System

b)

Control Rod Drive Mechanism Cooling System

c)

Reactor Compartment Cooling System

d)

Containment Purge System

e)

Containment Auxiliary Charcoal Filter System

f)

Containment Post-Accident Charcoal Filter System (Described in Section 6.4)

g)

Steam Heating System

5.3.1.2

Design Characteristics

-

Sizing

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 normal plant operation are presented in Table 5.3.1-1.
In certain cases where engineered safeguards functions also are served
by the equipment, component sizing is determined from the heavier duty
specifications associated with the design basis accident, (DBA), detailed
further in Section 6.

5.3-2

5.3.2

5.3.2.1-.

SYSTEM DESIGN

Piping and Instrumentation Diagram

The containment ventilation, purging and recirculation cooling and filtration
systems flow diagram is shown in Figure 5.3-1.

The containment ventilation

systems and main plant vent are designed as Class I structures.

5.3.2.2

Containment Recirculation Ventilation

Air recirculation cooling and filtering during normal operation is accomplished
using all five air handling units discharging to a common headered ductwork
distribution system to assure adequate flow of filtered and cooled air throughout
the containment. The cooling coils in each air handling unit transfer up
6
to 2.0 x 10 Btu/hr to the service water system during normal plant operation
and 76.32 x 106 Btu/hr in the event of an accident when supplied with 2000
gpm cooling water at 85°F inlet temperature.

Each air handling unit consists of the following equipment arranged so that,
during normal operation, air flows through the unit in the following sequence:
moisture separators (demisters), cooling coils, roughing filters, HEPA filters,
centrifugal fan with direct-drive motor, and distribution header.

The fans

and motors of these units are equipped with vibration sensors to detect abnormal
operating conditions in the early stages of the disturbance.

In the event of

an accident, the air will continue this same flow path except that, after passing
through the fan, it will be diverted automatically by air operated butterfly
valves to a compartment containing charcoal filter before entering the distribution
header.

The normal air flow rate per air handling unit is approximately 70,000

cfm and the design post-accident flow rate through the charcoal filter section
is 65,000 cfm.

Section 6.4.2 provides additional information on the operation

of this system.

5.3-3

The following additional systems supplement the main containment recirculation
system:

a)

Control rod drive cooling system consisting of fans and ductwork to
circulate air through the control drive mechanism shroud and discharge it
to the main containment volume.

Four 1/3 capacity direct driven axial

flow fans are used.

b)

Four unit heaters supplied with 25 psig steam for containment heating,
designed to maintain a minimum temperature of 50'F in the containment
building during winter shutdown.

Capacity of the four units is

1.6 x 10 6Btu/hr.

5.3.2.3

Containment Purge System

The containment purge system is independent of the primary auxiliary building
exhaust system and includes provisions for both supply and exhaust air.

The

supply system includes roughing filters, heating coils, fan, supply penetration
with two butterfly valves for bubble tight shutoff, and a purge supply dis
tribution header inside containment.

The exhaust system includes exhaust

penetration with two butterfly valves identical to those above, exhaust ductwork,
filter bank with roughing and HEPA filters, fans and exhaust vent.
purge flow rate is 40,000 cfm.

The full

The quick closing purge isolation valves are

capable of closing within two seconds of receipt of the accident signal.

During power operation, containment integrity is maintained with no release
from the containment ventilation system to the atmosphere.

Prior to purging

the containment air, particulate and gas monitor indications of the closed
containment activity levels will be used to guide routine releases from the
containment.

During power operation, the containment air particulate and

gas moniotr indications will 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 following reactor shutdown is in progress,
releases from the plant vent are continuously monitored with a gas monitor.

5.3-4

TABLE 5.3.1-1

PRINCIPAL COMPONENT DATA SUMMARY

Units
Installed

Unit Capacity

Units Required
for
Normal Operation

Demister

5

65,000* cfm

5

Cooling Coils - Normal

5

2.0 x 106 Btu/hr

5

Cooling Coils - DBA

5

76.32 x 106 Btu/hr

5

Roughing Filter

5

65,000* cfm

5

HEPA Filters

5

65,000* cfm

5

Fans

5

65,000* cfm

5

System

Containment Recirculation

7.70 in. H2 0

Fan Pressure - Normal

Fan Motors (440 V, 3 phase)

5

350 Hp

5

DBA Charcoal Filters

5

65,000 cfm

0

4

15,000 cfm
5-1/2 in. H2 0

4

4

25 Hp

4

Control Rod Drive Mechanism Cooling

Fans, Standard Conditions
Fan Pressure
Fan Motors

Reactor Compartment Cooling

Part of CB Recirculation
System

12,000 cfm

Refueling Canal Air Sweep

Part of CB Recirculation
System

* 70,000 cfm during normal operation

17,500 cfm

TABLE 5.3.1-1 (CONT'D)

Unit Capacity

Units Required
for
Normal Operation

Fans, Standard Conditions

40,000 cfm

Optional

Fan Pressure

4 in. H2 0

Units
Installed

System

Purge Supply

Fan Motors

1

Pre-heat Coils

1 Set

40 HP
Optional
40,000 cfm

1

Fans, Standard Conditions

53,200 cfm

Optional

Fan Pressure

8.5 in. H2 0

tI

Fan Motors

100 HP

Plenums

53,200 cfm

HEPA Filters

53,200 cfm

Air Filters, Roughing

* Purge Exhaust

II

Containment Auxiliary Charcoal Filter

Fans, Standard Conditions

8,000 cfm

Fan Pressure

4.75 in. H2 0

Fan Motors

10 HP

Filters; Roughing, HEPA
and Charcoal Filters

8,000 cfm

Steam Heating

Heaters, 25 psig steam

* Note:

400,000 Btu/hr each

The two exhaust fan are used interchangeably or as backup for:
1.

Ventilation of Primary auxiliary building.

2.

Containment Building purge system.

This criterion is met by minimizing leakage from the system.

External

recirculation loop leakage is discussed in Section 6.2.3.

One pump (either recirculation or residual heat removal) and one residual
heat exchanger of the recirculation system provides sufficient cooled re
circulated water to keep the core flooded with water by injection through
the cold leg connections while simultaneously providing, if required,
sufficient containment spray flow to prevent the containment pressure from
rising above design because of the boiloff from the core.

Only one pump

and one heat exchanger are required to operate for this capability at the
earliest time recirculation is initiated., With a recirculation (or residual
heat removal) pump in operation, with a spray header valve open, no containmet
cooling fans (Section 6.4) are required.

The design ensures. that heat removal.

from the core and containment is effective in the event of a pipe or valve
body rupture.

Cooling Water

The Service Water System.(Section 9) provides, cooling water to the component
cooling loop which in. turn cools, the residual heat exchangers, both of which
are part of the Auxiliary Coolant Systems (Section 9).

Three conventional

service water pumps: are available to take suction from the river and discharge
to the two component cooling,heat exchangers.

Three component cooling pumps

are available to takesuction from their. heat exchangers and discharge to the
two residual heat exchangers.

Only one pump and one heat exchanger of each

type are. required to meet the core cooling function.

All of this equipment,

with the exception of the residual heat exchangers, is located outside
containment-.

Change-Over from Injection Phase to Recirculation Phase

Assuming that the three high head safety injection pumps, the two residual
heat removal pumps, and the two containment spray pumps (Section 6.3) are

6t.2-11

running at their maximum capacity, the time sequence, from the time of
the safety injection signal, for the change over from injection to recir
culation in the core of a large rupture is as follows:
a)

In approximately ten minutes, sufficient water has been delivered
to provide the required NPSH to start the recirculation pumps.

b)

In approximately fifteen to twenty minutes the first low level alarm
on the RWST sounds.

The alarm serves to alert the operator to

prepare for switch over to the recirculation mode.

C)

10

Approximately two minutes after the first low level alarm the RWST
will be at the level for switch over to the recirculation-phase.
The operator is given a second alarm and will also see on the control
board that the level is at the set point for switch-over. Switch
over via the eight switch sequence is performed at this time.

d)

With the completion of switch-over one spray pump continues to draw
from the RWST for approximately a further twenty-five minutes.

The

remaining operating spray pump is stopped when the level in the RWST
reaches the low low level point.
Recirculation pump motors are 2'2" above the highest water level after
addition of the injected water to the spilled coolant.
The eight switch sequence which accomplishes the change over from
injection to recirculation is listed below. This switch over takes

Supplement 10
6/70
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6.5
6.5.1

6.5
ISOLATION VALVE SEAL WATER SYSTEM
DESIGN BASES

The Isolation Valve Seal Water System assures the effectiveness of these
containment isolation valves, which are located in lines that are connected
to the Reactor Coolant System, or that could be exposed to the containment
atmosphere during any condition which requires containment isolation, by
providing a water seal (and in a few cases a gas seal) at the valves. The
system provides a simple and reliable means for injecting seal water between
the seats and stem, packing of the globe and double disc types of isolation
valves, and into the piping between closed diaphragm type isolation valves.
This system operates to limit the fission product release from the containment.
Although no credit is taken for operation of this syst em in the calculation of
off-site accident doses, it does provide assurance that the containment leak
rate is lower than that assumed in the accident analysis should an accident
occur.
Design provisions for inspection and testing of the Isolation Valve Seal Water
System are discussed in Section 6.5.5.
See Section 5.2, Containment Isolation System for containment isolation diagrams
(Figures 5.2-1 through 5.2-19), tabulation of isolation valve parameters
(Table 5.2-1) and a description of the derivation of "Phase A" and "Phase B"
containment isolation signals.

Section 5.2.2 discusses the containment isolation
valves that are sealed, post-accident, by air from the Penetration and Weld
Channel Pressurization System.
6.5.2

SYSTEM DESIGN AND OPERATION

System Description
The Isolation Valve Seal Water System flow diagram is shown in Figure 6.5-1.

6.5-1

System operation is initiated either manually or by any automatic safety
injection signal.

When actuated, the Isolation Valve Seal Water System

interposes water inside the penetrating line between two isolation points
located outside the containment.

The resulting water seal blocks leakage

of the containment through valve seats and stem packing.

The water is

introduced at a pressure slightly higher (approximately 52 psig) than the
containment design pressure of 47 psig. The high pressure nitrogen supply
used to maintain pressure in the seal water tank does not require any
external power source to maintain the required driving pressure.

The pos

sibility of leakage from the containment or Reactor Coolant System past the
first isolation point is thus'prevented by assuring that if leakage does
exist, it will be from the seal water system into the containment.
The following lines would be subjected to pressure in excess of the Isolation
Valve Seal Water System design pressure (150 psig) in the event of an accident,
due to operation of the recirculation loop:

1.

Residual heat removal loop inlet line

2.

Bypass line from residual heat exchanger outlet to safety injection
pumps suction

These lines are isolated by double disc gate valves, which can be sealed by
nitrogen gas from the high pressure nitrogen supply of the Isolation Valve
Seal Water System.

A self contained pressure regulator operates to maintain

the nitrogen injection pressure slightly higher than the maximum expected line
pressure. These valves are closed during power operation, and the nitrogen
gas injection is manually initiated.
The system includes one seal water tank capable of supplying the total
requirements of the system.

The tank is pressurized from the system's own

supply of high pressure nitrogen cylinders through pressure control valves.
Design pressure of the tank and injection piping* is 150 psig, and relief

* The injection'piping runs and nitrogen supply piping are fabricated using 3/8

inch O.D. tubing, which is capable of 2500 psig service.

6.5-2

valves are provided to prevent overpressurization of the system if a pressure
control valve fails, or if a seal water injection line communicates with
a high pressure line due to a valve failure in the seal water line.
In lines approximately three inches and larger, double disc gate valves
are used for isolation. A drawing of this valve is presented in Figure 6.5-2.
Redundant isolation barriers are provided when the valve is closed. The up
stream and downstream discs are forced against their respective seats by the
closing action of the valve.

Seal water is injected through the valve bonnet

and pressurizes the space between the two valve discs.

The seal water pressure

in excess of the potential accident pressure eliminates any outleakage past
the first isolation point.
For smaller lines, isolation is provided by two globe valves in series with the
seal water injected into the pipe between the valves.

The valves are oriented

such that the seal water wets the stem packing. When the valves are closed
for containment isolation, the first isolation point is the valve plug in the
valve closest to containment, and the water seal is applied between the valve
plug and stem packing. In a number of the smaller lines, isolation is provided
by two diaphragm (Saunders Patent) valves in series, with the seal water
injected into the pipe between the valves.
The maximum acceptable leakage across both the seat and stem packing of any
gate or globe valve is 10 cc/hr/inch of nominal pipe diameter. Tests on these
valves have indicated that much lower leakage rates can be expected. However,
design of the Isolation Valve Seal Water System is based on the conservative
assumption that all isolation valves are leaking at five times the acceptable
value, or 50 cc/hr/inch of nominal pipe diameter. In addition, should one
of the isolation valves fail to seat, flow through the failed valve will be
limited to approximately 100 times the maximum acceptable leakage value, or
1000 cc/hr/inch of nominal pipe diameter, by the resistance of the seal water
injection path. A water seal at the failed valve is assured by proper slope
of the protected line, or a loop seal, or-by additional valves on the side of
the isolation valves away from the containment.
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The seal water tank is sized to provide at least a 24 hour supply of seal
water under the most adverse circumstances, i.e. isolation valves leaking
at the design rate of 50 cc/hr/inch, plus the failure of the largest contain

ment isolation valve to seat and leaking at the maximum rate of 1000 cc/hr/
inch.

The seal water volume required to satisfy these conditions is approxi
mately 144 gallons. A 176 gallon seal water tank is provided. If all of the

isolation valves seat properly, as expected, the tank volume is sufficient
for approximately 2 1/2 days of operation at design seal water flow rates
before makeup is required.

Two separate sources of makeup water are

provided to ensure that an adequate supply of seal water is available for
long term operation.

(Primary water storage tank and city water system)

Seal Water Actuation Criteria
Containment Isolation (Section 5.2) and seal water injection are accomplished
automatically for the penetrating lines requiring early isolation, and

manually for others, depending on the status of the system being isolated and
the potential for leakage in each case. Generally, the following criteria
determine whether the isolation and seal water injection are automatic or
manual.
Automatic containment isolation and automatic seal water injection are provided
for lines that could communicate with the containment atmosphere and be
void of water following a loss-of-coolant accident.

These lines are as follows:

Reactor coolant pump cooling water supply and return lines (phase B isolation*)
Reactor coolant pump seal water return line (phase B isolation*)
Excess letdown heat exchanger cooling water supply and return lines
Letdown line
Reactor Coolant System sample lines
Containment vent header
Containment air sample inlet and outlet lines (air pressurization)
Reactor coolant drain tank gas analyzer line
Auxiliary steam supply and condensate return lines
Service air and service water lines
Steam jet ejector return line to containment (phase B isolation* and
air pressurizatior
*Reference is made to Section 5.2
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Automatic containment isolation and automatic seal water injection are also
provided for the following lines, which are not connected directly to the
Reactor Coolant System, but terminate inside the containment at certain
components.

These components can be exposed to the reactor coolant or con

tainment atmosphere as the result of leakage or failure of a related line or
component.

The isolated lines are not required for post-accident service.

These lines are as follows:

Pressurizer relief tank gas analyzer line
Pressurizer relief tank makeup line
Safety Injection System test line
Reactor coolant drain tank pump discharge line
Steam generator blowdown lines
Steam generator blowdown sample lines
Accumulator sample line
Containment sump pump discharge

The residual heat pump suction .ine is also provided with automatic
seal water injection.

Manual containment isolation and manual seal water injection areprovided
for lines that are normally filled with water and will remain filled fol
lowing the loss-of-coolant accident, and for lines that must remain in
service for a time following the accident.
assures a long term seal.

The manual seal water injection

These lines are as follows:

Reactor coolant pump seal water supply lines
Charging Line
Safety injection headers
Containment spray headers

Manual containment isolation and manual seal gas injection are provided for
lines that are filled with water during the accident but which are at a pressure
higher than that provided by the Isolation Valve Seal Water System.

These lines

must remain in service for a period of time following the accident.

These
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lines are as follows:
Residual heat exchanger line to safety injection pumps
Residual heat removal pumps discharge line
Seal water injection is not necessary to insure the integrity of isolated
lines in the following categories:
Lines that are connected to non-radioactive systems outside the
containment and in which a pressure gradient exists which opposes
leakage from the containment.

These include nitrogen supply lines

to the pressurizer relief tank, accumulators, and reactor coolant
drain tank, the instrument air header, the weld channel pres
surization air lines, and the pressurizer deadweight tester line.
Lines that do not communicate with the containment or Reactor Coolant
System and are missile protected throughout their length inside
These lines are not postulated to be severed or other
wise opened to the containment atmosphere as a result of a loss-of
coolant accident. These include the steam and feedwater headers and
containment.

the containment ventilation system cooling water supply and return lines.
Lines that are designed for post-accident service as part of the engi
neered safety features. The only line in this category is the contain
ment sump recirculation line.

This line is connected to a closed system

outside containment.

Special lines such as the fuel transfer tube, containment purge ducts,
and the containment pressure relief line. The zone between the two.
gaskets sealing the blind flange to the inner end of the fuel transfer
tube is pressurized to prevent leakage from the containment in the event
The zone between the two butterfly valves in each con
tainment purge duct is pressurized above incident pressure while the
valves are closed during power operation, as are the two spaces between
of an accident.

the three butterfly valves in the containment pressure relief line.
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Components

All associated components, piping, and structures of the Isolation Valve Seal
Water System are designed to Class I seismic criteria.

There are no components of this system located inside containment.

The piping and valves for the system including the air-operated valves, are
designed in accordance with the USAS Code for Pressure Piping (Power Piping
Systems), B31.1.

6.5.3

DESIGN EVALUATION

The Isolation Valve Seal Water System provides an extremely prompt and
reliable method of limiting the fission product release from the contain
ment isolation valves in the event of a loss-of-coolant accident.

The employment of the system during a loss-of-coolant accident, while
not considered for analysis of the consequences of the accident, provides
an additional means of conservatism in ensuring that leakage is minimized.
No detrimental effect on any other safeguards system will occur should the
seal water system fail to operate.

System Response

Automatic containment isolation will be completed within approximately two
seconds following generation of the phase A containment isolation signal.
This is the estimated closing time of the air operated containment isolation
valves (Section 5.2). Since the Isolation Valve Seal Water System is actuated
by this signal, automatic seal water injection will be in effect within this
time period.

Subsequent generation of the phase B isolation signal on containment high pressure
(spray actuation signal) will close a number of motor operated isolation
valves with an estimated closing time of 10 seconds.
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Automatic seal water

injection flow will have been initiated in advance of this signal by the phase
A signal.
Single Failure Analysis
A single failure analysis is presented in Table 6.5-2. The analysis shows that
the failure of any single active component will not prevent fulfilling the
design function of the system.
Reliance on Interconnnected Systems
The Isolation Valve Seal Water System can operate and meet its design function
without reliance on any other system. Electric power is not required for system
operation, although instrument power is required to provide indication in the
control room of seal water tank pressure and level.
Shared Function Evaluation
Table 6.5-3 is an evaluation of the main components discussed previously and
a brief description of how each component functions during normal operation
and during an accident.
6.5.4

MINIMUM OPERATING CONDITIONS

The Technical Specifications, Section 15, establish limiting conditions regarding
the operability of the system when the reactor is critical.
6.5.5

INSPECTIONS AND TESTS

Inspections
The system components are all located outside the containment and can be
visually inspected at any time.
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Component Testing
Each automatic isolation valve can be tested for operability at times
when the penetrating line is not required for normal service. Lines
supplying automatic seal water injection can be similarly tested.
System Testing
Containment isolation valves and the Isolation Valve Seal Water S.ystem can
be tested periodically to verify capability for reliable operation. The
seal water tank pressure and water level can be observed locally, and these
parameters are also displayed continuously in the control room.
The system will not be in service during the containment leak rate test.
Operational Sequence Testing
The capacity of the system to deliver water at the required rate will be
verified initially during the pre-operational test period of plant construction
and startup. Prior to plant operation a containment isolation test signal
will be used to ensure proper sequence of isolation valve closure and seal
water addition.
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TABLE 6.5-1

ISOLATION VALVE SEAL WATER TANK

Number
3
Total Volume, ft

1
23.6

Minimum Volume, gal.

144

Material

ASTM A-240

Design Pressure, psig

150

Design temperature, °F

200

Operating pressure, psig

50-100

Operating temperature, *F

Ambient

Code

ASME UPV (Sect. VIII)

0

CONTAINMENT PENETRATION AND WELD CHANNEL PRESSURIZATION SYSTEM

6.6.1

DESIGN BASES

TheContainment Penetration and Weld Channel Pressurization System provides
means for continuously pressurizing the positive pressure zones incorporated
into:the containment penetrations and the channels over the welds in the
steel inner liner in the event of a loss-of-coolant accident.

Although

the system is not considered as an engineered safety feature and no credit
is taken for its operation in calculation of off-site accident doses, it
does provide assurance that the containment leak rate is lower than that
assumed in the accident analysis should an accident occur.

In addition,. the system is designed.to provide a means for determining
the leak-tightness of the containment in a more sensitive" and accurate
manner than the conventional integrated leak rate test.

6.6.2

SYSTEM DESIGN AND OPERATION

System Description

The Containment Penetration and Weld Channel Pressurization System
is shown in Figure 6.6-1.

A regulated supply of clean and dry compressed

air from either of the plant's 100 psig compressed air systems located
outside containment is supplied, through an air dryer, to all containment
penetrations and inner liner weld channels.

The system maintains a pressure

in excess of containment design pressure continuously during all reactor
operations thereby ensuring that there will be no out leakage of the containment
atmosphere through the penetrations and liner welds during an accident.
Typical piping and electrical penetrations are presented in Section 5.
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The primary source of air for this system is the instrument air system0
(Section 9).

Two instrument and control air compressors are used, although

only one is required to maintain pressurization at the maximum allowable
leakage rate of-the pressurization system.
The plant air compressors act as a backup to the instrument and control
air compressors (Section 9) for added reliability.

One plant air compressor

is available.

A standby source of gas pressure for the system is provided by a bank
of nitrogen cylinders.

The associated nitrogen system will automatically deliver

nitrogen at a slightly lower pressure (approximately 50 psi) than the normal
regulated air supply pressure of approximately 52 psig.

Thus, in the event of

failure of the normal and backup air supply systems during periods when
the system is in operation, the penetration and weld channel pressure
requirements will be automatically maintained by the nitrogen supply.
This' assures reliable pressurization under both normal and accident
conditions.
Containment penetrations and liner weld channels are grouped into four
independent zones to simplify the process of locating leaks during operation.
Each such zone is served by its own air receiver. En the event that
all normal and backup air supplies are lost, each of the four pressurization
system zones continues to be supplied with air from its respective air
receiver.

Each of the air receivers, Table 6.6-1, is sized to supply

air to its pressurized zone for a period.of. at least four hours, based
on a leakage rate of 0.2% of the containment free volume per day (0.1%
leakage into the containment and 0.1% leakage to the environment).
If the receivers become exhausted before normal and backup air supplies
can be restored, nitrogen from the bank of pressurized cylinders will
be supplied to the affected zones.
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The nitrogen bank is sized to provide

6.7.1.2

SYSTEMS DESIGN AND OPERATION

Various methods are used to detect leakage from either the primary loop
or the auxiliary loops. Although described to some extent under each system
description, all 'methods are included here for completeness.

Reactor Coolant System

During normal operation and anticipated reactor transients the following
methods are employed to detect leakage from the Reactor Coolant System.
Containment Air Particulate Monitor

This channel takes continuous air samples from the containment atmosphere
and measures the air particulated gamma radioactivity.
outside the containment

The samples, drawn

are in a closed, sealed system and are monitored

by a scintillation counter - filter-paper detector assembly.

The filter

paper collects all particulate matter greater than 1 micron in size
on its constantly moving surface, which is viewed by a hermetically sealed
scintillation crystal (NaI) - photomultiplier combination.

After passing

through the gas monitor, the samples are returned to the containment.

The filter paper has a 25-day minimum supply at normal speed.

The filter

paper mechanism, an electromagnetic assembly which controls the filter
paper movement, is provided as an integral part of the detector unit.

The detector assembly is in a completely closed housing.

The detector output

is amplified by a preamplifier and transmitted to the Radiation Monitoring
System cabinet in the control room.

Lead shielding is provided to reduce

the background radiation level to where it does not interfere with the
detector's sensitivity.
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The activity is indicated on meters and recorded by a multipoint recorder.
High-activity alarm indications are displayed on the control board annunciator
in addition to the Radiation Monitoring cabinets.

Local alarms provide

operational status of supporting equipment such as pumps, motors and flow
and pressure controllers.

The containment air particulate monitor is the most sensitive instrument
of those available for detection of reactor coolant leakage into the
containment.

This instrument is capable of detecting particulate

radioactivity in concentrations as low as 10- 9 pc/cc of containment air.
The measuring range is 10- 9 to 10- 6 pc/cc.

The sensitivity of the air particulate monitor to an increase in reactor
coolant leak rate is dependent upon the magnitude of the normal base-line
leakage into the containment.

The sensitivity is greatest where base-line leakage

is low as has been demonstrated by the experience of Indian Point Unit No. 1 (See
Appendix 6B), Yankee Rowe and Dredsen Unit 1.

Where containment air particulate

activity is below the threshold of detectibility, operation of the monitor
with stationary filter paper would increase leak sensitivity to a few cubic
centimeters per minute.

Assuming a low background of containment air

particulate radioactivity, a reactor coolant corrosion product radioactivity
(Fe, Mn, Co, Cr) of 0.2 pc/cc (a value consistent with little or no fuel
cladding leakage), and complete dispersion of the leaking radioactive solids
into the containment air, the air particulate monitor is capable of detecting
leaks as small as approximately 0.013 gpm (50 cc/minute) within twenty
minutes after they occur.

If only ten per cent of the particulate activity

is actually dispersed in the air, leakage rates of the order of 0.13 gpm
(500 cc/minute) are well within the detectable range.

For cases where base-line reactor coolant falls within the detectable limits
of the air particulate monitor, the instrument can be adjusted to alarm on
leakage increases from two to five times the base-line value.
The containment air particulate monitor together with the other radiation
monitors mentioned

in this section are further described in Section 11.2.
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Containment Radioactive Gas Monitor

This channel measures the gaseous gamma radioactivity in the containment by
taking the continuous air samples from the containment atmosphere, after they
pass through the air particulate monitors, and drawing the samples through
a closed, sealed system to a gas monitor assembly.
Each sample is constantly mixed in the fixed, shielded volumes, where it is
viewed by Geiger-Mueller tubes.

The samples are then returned to the containment.

The detector is in a completely enclosed housing containing a gamma sensitive
Geiger-Mueller tube mounted in a constant gas volume container. Lead shielding
is provided to reduce the background radiation level to a point where it does not
interfere with the detector's sensitivity.

A preamplifier and:impedance

matching circuit is mounted at the detector.
The detector outputs are transmitted to the Radiation Monitoring System
cabinets in the control room.

The activity is indicated by. meters and

recorded by a multipoint recorder.

High-activity alarm indications are

displayed on the control board annunciator in addition to-the Radiation
Monitoring System cabinets. Local alarms annunciate the supporting equipments's
operational status.

The containment radioactive gas monitor is inherently less sensitive
(threshold at10- 6 1c/cc) than the containment air particulate monitor, and
would function in the event that significant reactor coolant gaseous activity
exists from fuel cladding defects.

.
-3 . c/cc.
The measuring range is 10-6
to.103

Assuming a reactor coolant activity of 0.3 Pc/cc, the occurrence of a leak
of two to four gpm would double the background (predominantly argon-41) in
less than an hour's time.

In these circumstances this instrument is aeuseful

backup to the air particulate monitor..
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The containment air particulate and radioactive gas monitors have assemblies
that are common to both channels. They are described as follows:
i)

The flow assembly includes a pump unit and selector valves that provide
a representative sample (or a "clean" sample) to the detector.

ii)

The pump unit consists of:

iii)

1.

A pump to obtain the air sample.

2.

A flowmeter to indicate the flow rate.

3.

A flow control valve to provide flow adjustment.

4.

A flow alarm assembly to provide low and high flow alarm
signals.

Selector valves are used to direct the desired sample to the detector
for monitoring and to blow flow when the channel is in maintenance
or "purging" condition.

iv)

A pressure sensor is used to protect the system from high pressure.
This unit automatically closes an inlet and outlet valve upon a
high pressure condition.

V)

Purging is accomplished with a valve control arrangement whereby the
normal sample flow is blocked and the detector purged with a "clean"
sample.

This facilitates detector calibration by establishing the
background level and aids in verifying sample activity level.
vi)

The flow control panel in the control room Radiation Monitoring System
racks permits remote operation of the flow control assembly. By operating
a sample selector switch on the control panel the containment sample
may be monitored.
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vii)

A sample flow rate indicator is calibrated linearly (from 0 to 14)
cubic feet per minute.

Alarm lights are actuated by the following:
1.

Flow alarm assembly (low or high flow)

2.

The pressure sensor assembly (high pressure)

3.

The filter paper sensor (paper drive malfunction)

4.

The pump power control switch (pump motor on)

Humidity Detector

The humidity detection instrumentation offers another means
of detection
of leakage into the containment. Although this instrumentation
has not
nearly the sensitivity of the air particulate monitor,
it has the characteristics
of being sensitive to vapor originating from all sources
within the
containment, including the reactor coolant and steam and
feedwater systems.
Plots of containment air dew point variations above a base-line
maximum
established by the cooling water •temperature to the air
coolers should be
sensitive to incremental leakage equivalent to 2.0 to
10 gpm.
The sensitivity of this method depends on cooling water
temperature, containment
air temperature variation and containment air recirculation
rate.
Condensate Measuring System

This method of leak detection is based on the principle
that, under
equilibrium conditions, ..
the condensate flow draining from the cooling
coils of the containment air handling units will equal
the amount of
water (and/or steam) evaporated from the leaking system.
Reasonably
accurate measurement of leakage from the Reactor Coolant
System by this
method is possible, because containment air temperature
and humidity
promote complete evaporation of any leakage from hot systems.
The
ventilation system is designed to promote good mixing
within the contain
ment.
During normal operation the containment air conditions
will be
maintained near 120°F DB and 920 F WB (Approximately 36%
Relative Humidity)
by the fan-coolers.
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When the water from a leaking system evaporates into this atomosphere,
the humidity of the fan-cooler intakeair will begin to rise.

The

resulting increase in the condensate drainage rate is given by the
equation

D = L [l-exp

(Q

t)

I

Where
D = Condensate drainage rate (gpm)
L = Evaporated leakage (gpm)
Q = Containment ventilation rate (CFM)
V = Containment free volume (ft3 )
t = Time after start of leak (min.)

Therefore, if four fan cooler units are operating (Q

=

280,000 CFM), the

condensation rate would be within 5% of a new equilibrium value-in approxi
mately 30 minutes after the start of the leak.

Detection of the increasing

condensation rate, however, would be possible within 5 to 10 minutes.

The condensate measuring device consists essentially of a vertical 6 inch
diameter standpipe with a triangular weir cut into the upper portion of the
Each fan cooler is provided with a standpipe

pipe, to serve as an overflow.

which is installed in the drain line from the fan-cooler unit.

A differential

pressure transmitter near the bottom of the standpipe is used to measure the
water level.

Each unit can be drained by a remote operated valve.

A wide range of flow rates can be measured with this device.

Flows less

than 1 gpm are measured by draining the standpipe and observing the water
level rise as a function of time.

Condensate flows from 1 gpm to 30 gpm

may be measured by observing the height of the water level above the crest
notch of the weir.

This water head can be converted to a proportional flow

rate by means of a calibration curve.

A high level alarm, set above the

established normal (base-line) flow is provided for each unit, to warn
the operator when operating limits are approached.

All indicators, alarms, and controls are located in the control room.
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During normal operation the containment air particulate and radioactive gas
monitors, the humidity detector and the condensate measuring system provide
means for detecting leakage from the section of the residual heat removal
loop inside the reactor containment.

These systems have been described

previously in this section (see description of leak detection from the
Reactor Coolant System).

Leakage from the residual heat removal loop during

normal operation would be detected outside the containment by the component
cooling loop radiation monitor (see analysis of detection of leakage from the
Reactor Coolant System in this section).

The physical layout of the two residual heat removal pumps is within
separate shielded and isolated rooms outside of the containment.

This will

permit the detection of a leaking residual heat removal pump by means of
radiation monitors located in the ventilation exhaust ducts from each
compartment.

Supplemental radiation monitoring will be provided by a plant

vent gas monitoring system.

Alarms in the control room will alert the

operator when the activity exceeds a preset level.

Small leaks to the

environment could be detected with these systems within a short time
after they occurred.

When the plant is shutdown personnel can enter the containment to check visually
for leaks.

Detection of the' location of significant leaks would be aided by

the presence of boric acid crystals near the leak.

In case of an accident which involves gross leakage from the part of the
residual heat removal loop inside the containment, this leakage would be
indicated by a rise in the containment and/or recirculation sump levels.

Both

of these sumps have level transmitters which activate an alarm if the level
exceeds a preset level.

As the building floor drains preferentially to the

containment sump, the level transmitter in this sump would most likely actuate
an alarm first.

6-7-13

Should a large tube side to shell side leak develop in A residual heat
exchanger or the seal of, a residual heat removal pump break, the water level
in the component cooling surge tank would rise, and the operator would be
alerted by a high water alarm.

Radiation and temperature monitors

at the component cooling water pump suction header will also signal an alarm.
In addition, in the case of a residual heat removal pump seal failure, a flow
monitor on the component cooling outlet line from the pump will actuate an
alarm.

Leakage from both of the residual heat removal pumps is drained to a
common sump equipped with a sump pump.

The operation of the sump pump

will be indicated in the control room as a means of detection of gross
leakage (i.e., a seal failure) from a residual heat removal pump.

Recirculation Loop

If a break occurs in the Reactor Coolant System, the recirculation loop 'provides
long-term protection by recirculating spilled reactor coolant and injected
refueling water.

The containment air particulate and radioactive gas monitors, the humidity
detector and the condensate measuring system (see section discussing leak
detection for the Reactor Coolant System) provide means of detecting small
leaks in the part of the recirculation loop inside the reactor containment.

Leakage from the residual heat exchanger would be detected by a
radiation monitor (discussed in the section on leak-detection
from the Reactor Coolant System) at the component cooling water pump
suction header.

Entry to the containment is permissible during cold shutdown, and personnel
could check for leaks at this time by looking for the presence of
boric acid crystals.
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Automatic starting of all emergency diesel-generators is initiated
by undervoltage relays on any 480 volt bus or by the safety injection signal.
Engine cranking is accomplished by a stored energy system supplied solely for
the associated diesel-generator. The undervoltage relay scheme is designed
so that loss of 480 volt power does not prevent the relay scheme from functioning
properly.

.Redundancy of Reactivity Control

Criterion:

Two independent control systems, preferably of different principles,
shall be provided. (GDC 27)

One of the two reactivity control systems employs rod cluster control
assemblies to regulate the position of Ag-In-Cd neutron absorbers within
the reactor core. The other reactivity control system employs the Chemical
and Volume Control System to regulate the concentration of boric acid
solution neutron absorber in the Reactor Coolant System.

Reactivity Control Systems Malfunction

Criterion:

The reactor protection system shall be capable of protecting
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.
(GDC 31)

Reactor shutdown with rods is completely independent of the normal control
functions since the trip breakers completely interrupt the power to
the full length rod mechanisms regardless of existing control signals.
Effects of continuous withdrawal of a rod control assembly and of deboration
are described in Sections 7.3.1 and 7.3.2, and Sections 9 and 14.

Principles of Design

Redundancy and Independence
The Protective systems are redundant and independent for all vital inputs and
functions. Each channel is functionally independent of every other channel and
Supplement 12
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receives power from two independent sources. Isolation of redundant
protection channels is described in further detail in Section 7.2.1,
Isolation of Redundant Protection Channels.
Manual Actuation
Means are provided for manual initiation of protective system action.
Failures in the automatic system do not prevent the manual actuation
of protective functions. Manual actuation requires the operation of
a minimum of equipment.
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. Since the channel under test is either
tripped or superimposed test signals are used which do not negate the
process signal.
EXCEPT ION:

"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 and bypass time interval is short.
Capability for Test and Calibration
The bistable portions of the protective system (e.g., relays, bistables,
etc.) 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 di~ring reactor operation.
The analog portion of a protective channel provides analog signals of
reactor or a plant parameter. The following means are provided to permit
checking the analog portion of a protective channel during reactor operation:
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and bonfire tests.

A report summarizing the testing was prepared by

Consolidated Edison Company.

These flame tests were used as one of the

means of qualifying cables and the specifications were written on the
basis of results from the tests.

The following tests were made to determine the flame resistant qualities
of the covering and insulations of various types of cables for Indian
Point #2.

1)

Standard Vertical Flame Test - made in accordance with ASTM-D
470-59T.

"Tests For Rubber and Thermalplastic Insulated Wire and

Cable".

2)

Five-Minute Vertical Flame Test - made with cable held in vertical
position and 1750°F flame applied for 5 minutes.

3)

Bon-Fire Test - consisting of exposing, for 5 minutes, bundles
of three or six cables to flame produced by igniting transformer
oil in 12 inch pail.

The cable was supported horizontally over

the center of the pair the lowest cable 3 inches above the top of
the pail.

The time to ignite the cable and the time the cable

continued to flame after the fire was extinguished were noted.

On the basis of these tests, the cables were selected for the reactor
containment vessel penetration.
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To prevent spread of flame, fire barriers of glass wool packed around
trays on approximately 10 ft. spacing in vertical runs has been provided.
Fire barriers of similar construction are used in all trays when they
penetrate walls.

Smoke detectors of the ionization type are provided in the cable tunnel
and other unattended areas where large concentrations of cables are
installed, for fire detection and alarm.

In areas where missile protection could not be provided (such as near
the reactor coolant system) redundant instrument impulse lines and
cables were run by separate routes.

These lines were kept as far apart

as physically possible, or were protected by heavy (1/4") metal plates
interposed where inherent missile protection could not be provided by
spacing.

8.2.3

EMERGENCY POWER

Sources Description

The three sources of off-site emergency power are 1) the 138.-

6.9 kv

Sation Auxiliary Transformer, 2) 113 kv tie, and 3) gas turbine.

If these

sources should fail, the on-site sources of emergency power are three
emergency diesel-generator sets.

The emergency power facilities consist

of three diesel engine-generator sets, each consisting of an Alco model
16-251-E engine coupled to a Westinghouse 2188 kva, 0.8 power factor,
900 RPM, 3 phase, 60 cycle 480 volt generator.

The units have a capability

of 2000 kw for 2000 hours and 1750 kw continuous.
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Makeup for normal plant leakage is regulated by the reactor makeup control
which is set by the operator to blend water from the primary water storage
tank with concentrated boric acid to match the reactor coolant boron concentration.

The makeup system also provides concentrated boric acid or primary water or
decrease the boric acid concentration in the Reactor Coolant System.

To

maintain the reactor coolant volume constant, an equal amount of reactor
coolant at existing reactor coolant boric acid concentration is letdown to the
holdup tanks.

Should the letdown line be out of service during operation,

sufficient volume exists in the pressurizer to accept the amount of boric
acid necessary for cold shutdown.

Makeup water to the Reactor Coolant System is provided by the Chemical and
Volume Control System from the following sources:

a)

The primary water storage tank, which provides water for dilution when
the reactor coolant boron concentration is to be reduced.

b)

The boric acid tanks, which supply concentrated boric acid solution
when reactor coolant boron concentration is to be increased.

c)

The refueling water storage tank, 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 chemical are
necessary.

The reactor makeup control is operated from the control room by manually pre
selecting makeup compositon 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 Reactor Coolant System.

The operator can stop the

makeup operation at any time in any operating mode by remotely closing the
makeup stop valves.

9.2-11

One primary water makeup pump and one boric acid transfer pump are normally
operated.

Tripping of either pump automatically starts the associated

respective standby pump.

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 cools the lower radial bearing, passes through the seals, is cooled
in the seal water heat exchanger, filtered, and returned to the volume
control tank.

Seal water inleakage to the Reactor Coolant System requires a continuous
letdown of reactor coolant to maintain the desired inventory.

In addition,

bleed and feed of reactor coolant are required for removal of impurities
and adjustment of boric acid in the reactor coolant.

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, open the concentrated boric acid control valve and the primary
water makeup control valve.

The flow controllers than blend the makeup

stream according to the preset concenftration.
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Makeup addition to the

Seal Water Heat Exchanger
The seal water heat exchange~r removes heat from two sources; reactor coolant
pump seal water 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 tube sheet 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 pump floating ring seals are leaking at the
maximum design leakage rate.

Seal Water Filter

The filter collects particulates larger than 25 microns from the reactor
coolant pump seal water 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 floating ring
seals.

The vessel is constructed of austenitic stainless steel and is pro-,

vided with connections for draining and venting.

Disposable synthetic

filter elements are used.

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.

9.2-21

Boric Acid Filter

0

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 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.

Boric Acid Tanks

The boric acid tank capacities are sized to store sufficient boric acid
solution for refueling enough boric acid solution for a cold shutdown shortly
after full power operation is achieved.

In addition, sufficient boric acid

solution is available for cold shutdown if the most reactive RCC is not
One tank supplies boric acid for reactor!coolant makeup while

inserted.

recycled solutions

from the concentrates holding tank is accumulated in the

0

other tank.

The concentration of boric acid solution in storage is maintained between
11.5 and 132 b-y weight.

Periodic manual sampling and corrective action

is provided, if necessary, to ensure that these limits are maintained.
Therefore, measured quantities 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.

Boric Acid Tank Heaters

Two 100% capacity electric immersion heaters located near the bottom of each

boric acid tank are designed to maintain the temperature of the boric acid
solution at 165°F with an ambient air temperature of 40*F thus ensuring a
temperature in excess of the solubility limit (for 20,000 ppm boron this is
130*F).

,0

The heaters are sheathed in austenitic stainless steel.
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9.3

9.3.1

AUXILIARY COOLANT SYSTEM

DESIGN BASIS

The Auxiliary Coolant System consists of three loops as shown in Figure 9.3-1;
the component cooling loop, the residual heat removal loop, and the spent
fuel pit cooling loop.

Performance Objectives

Component Cooling Loop

The component cooling loop is designed to remove residual and sensible
heat from the Reactor Coolant System, via the residual heat removal loop,
during plant shutdown; cool the letdown flow to the Chemical Volume and
Control System during power operation; and to provide cooling to dissipate
waste heat from various primary plant components.

Active loop components which are relied upon to perform the cooling function
are redundant.

Redundancy of components in the process cooling loop does

not degrade the reliability of any system which the process loop serves.

The loop design provides for detection of radioactivity entering the loop
from reactor coolant source and also provides for isolation means.

Residual Heat Removal Loop

The residual heat removal loop is designed to remove residual and sensible
heat from the core and reduce the temperature of the Reactor Coolant System
during the second phase of plant cooldown.

During the first phase of cool

down, the temperature of the Reactor Coolant System is reduced by transferring
heat from the Reactor Coolant System to the Steam and Power Conversion System.

9.3-1

All active ioop components which are relied upon to perform their function

are redundant.

The loop design provides means to detect radioactivity migration to the ultimate
heat sink environment and includes provisions which initiate adequate action
for continued core cooling when required, in the event radioactivity limits
are exceeded.

The loop design precludes any significant reduction in the overall design
reactor shutdown margin when the loop is brought into operation for decay
heat removal or for emergency core cooling by recirculation.

The loop design includes provisions to enable periodic hydrostatic testing
to applicable code test pressures.

Loop components, whose design pressure and temperature are less than the
Reactor Coolant System design limits, are provided with overpressure protective
devices and redundant isolation means.

Spent Fue.l Pit Cooling Loop

The spent fuel pit cooling loop is designed to remove from the spent fuel
pit the heat generated by stored spent fuel elements.

Loop design does not incorporate redundant active components.

Alternate

cooling capability can be made available under anticipated malfunctions
or failures (expected fault conditions).

Loop piping is so arranged that failure of any pipeline does not drain
the spent fuel pit below the top of the stored fuel elements.

The design basis for the loop provides the capability to totally unload
the reactor vessel for maintenance or inspection at the time that 1/3 core
already occupies the spent fuel storage pool.

9.3-2

cooling water to the diesels.

The inlet valving is arranged so that each

of the three diesels can be served by either of the supply lines and, furthermore,
the failure of single passive or active component will not result in the
loss of all diesel power.

Design Evaluation

The non-essential service water system is not required for the maintenance
of plant-safety immediately following an accident.

The essential portion

of the service water system is designed to prevent the single failure of
any active component used during this injection phase of the Safety Injection
System (Section 6.2) or the single failure of any active or inactive component
of the remaining engineered safety features from limiting the ability of the
engineered safety features to perform their function in the event of an accident.

Sufficient pump capacity is included to provide design service water flow
under all conditions and the headers are arranged in such a way that even
loss of a complete header does not jeopardize plant safety.

Tests and Inspections

Each service water pump will undergo a hydrostatic test in the shop in which
all wetted parts will be subjected to a hydrostatic pressure of one and
one-half times the shut-off head of the pump.

In addition, the normal capacity

vs. head tests will be made on each pump.

All valves in the service water system will undergo a shop hydrostatic test
of 250 psi on the body and 175 psi on the seat.

Service watpr system design

pressure is 150 psig.

All service water piping will be hydrostatically tested in the field at 225
psig or one and one-half times design.

The welds in shop fabricated service

water piping will be liquid penetrant or magnetic particle inspected in
accordance with the ASME Boiler and Pressure Vessel Code, Section VIII.

Electrical components of the service water system are tested periodically.
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TABLE 9.6-1

ESSENTIAL SERVICE WATER REQUIREMENTS @ 75-F

Service (Number)

Flow
Each (GPM)

Normal
Flow Total

MCA Flow
1st Hr.

Containment cooling coils (5)

2,000 MGC

1.160

10,000

10,000

Component coolers (2) *

5,000*

5,000*

-

5,000*

Diesel generators (3)

400

1,200

1,200

1,200

Turbine oil coolers (2)

1,100

1,100

1,1100

Seal oil coolers and Steam generator
feed pump oil coolers
220

220

200

Radiation sample cooler

80

80

80

80

Air compressor heat exchanger

65

65

65

65

Service water pump strainer
blowdown

100

100

100

100

8,965

8,925

12,815

16,495

Total Flows

MCA Flow
After 1st. Hr.

Item marked * is supplied from other header of service water system.

Total flows for essential
service header

3,925

12,765

11,445

No. of pumps required

1

2

2

Required pump capacity

3,925

6,385

5,723

The pump will run out on their curve to meet the flows.

In channels R-16, R-18, R-19, and R-23, a photomultiplier tube
scintillation crystal (Nal) combination, mounted in a hermetically
sealed unit, is used for liquid effluent radiation detection.

Lead

shielding is provided to reduce the background level so it does
not interfere with detector's sensitivity.

The in-line, fixed

volume container is an integral part of the detector unit.

In channel

R-17, the detector is inserted into a well in the component cooling
system piping.

In addition, grab samples from the monitor tanks are analyzed to
determine the amount of tritium in the effluent discharged to the
Waste Disposal System.

During normal plant operation the tritium level in the reactor
coolant will be limited to 2.5 pc/cc, this will ensure a tritium
activity in the refueling water of <1 lic/cc.

With a containment

purge rate of 40,000 cfm, the maximum concentration of tritium
in the containment air will be less than 1/5 of MPC.

The basis for this concentration is determined from the assumption
that the refueling water evaporation rate is 100 lb/hr., the containment
is purged for 2 hours at the rate of 40,000 cfm prior to access,
and that the purge continues during the refueling operation at
40,000 cfm.

During normal plant operation, grab samples from the containment
and auxiliary building areas will be analyzed for tritium as required.

FUEL FAILURE MONITOR

The fuel failure monitor is to be installed at Indian Point Unit No.
2 to assist the operator in quickly identifying gross fission products
which may be released as a result of fuel pin clad failures.

The FFM

will also be useful to a plant operator to reduce chemistry sampling analysis
Ay
requirements by calibrating the on-line signals against chemistry analysis.

11.2-19
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The Fuel Failure Monitor is based on the principle of measuring the delayedW
neutron activity from fission products and the gross gamma activity in
the primary coolant after having allowed the decay of N-17 neutron and
N-16 gamma activity.

The monitor is connected to the hot leg of the

primary coolant loop (Fig. 11.2-6).

The fluid passes a delay coil and

a sample cooler before it reaches the coils with the neutron and gaia
detectors mounted inside.
tank.

Finally the fluid drains into the volume control

The proper delay times (about 60 sec for the neutron detector

and 90 sec for the gamma detector) to the detectors can be adjusted by
the amount of water which flows through the system.

The length of tubing

between the coils will be designed to match the required time delay between
the coils.
Figure 11.2-7

shows the block diagram of the FFM.

The FFM utilizes

only one delayed neutron and one gamma channel, since the purpose of
this system is only to indicate leaking fuel and alert the reactor operator.
The delayed neutron and the gamma signal of the FFM are recorded on a two
pen recorder in the control room.

.Two alarm signals are provided, one

on the neutron channel which indicates an excess of rate of signal increase,
and one level alarm on the gamma channel.

In general, both the delayed

neutron and the gamma signal are dependent on reactor power level, thus,
the alarm signals will indicate the following conditions:

1.

Neutron Alarm:
A sudden

--

even short

--

release of fission products will be indicated

independently of the power level.

An alarm may also occur whenever

the rate of power increase exceeds the rate of change setpoint
for alarm.

2.

Gamma Alarm:
Since the gamma signal is closely related to the gross beta--,,
gamma activity in the-coolant, an alarm indicates that the0
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absolute total activity exceeds a certain value.

It cannot be

di stinguished whether the activity comes from high power opera
tion, power increase or leaking fuel at lower power levels.

One

action following a gamma alarm would be to take additional
chemistry samples for analysis.

AREA RADlIATION MONITORING SYSTEM

This system consists of nine channels which monitor radiation levels
in various areas of the plant.

These areas are listed as follows:

Channel

Area Monitor

R-1

Control Room

R-2

Containment

R- 3

Criticality Monitor

R-4

Charging Pump Room

R-5

Spent Fuel Building

R- 6

Sampling Room

R- 7

Tn-Core Instrument Area

R- 8

Drumming Station

R-10

Containment (Special)

Each channel (R-1 through R-8) consists of fixed position gamma sensitive
C-M tube detector. The detector output is amplified and the log count
rate is determined by the integral amplifier at the detector.

The radiation

level is indicated locally at the detector, and at the Radiation Monitoring
System cabinets where it is also recorded. High-radiation alarms are
displayed on the main annunciator, the Radiation Monitoring cabinets,
and at the detector location.

The control room annunciator provides

a single window which-alarms for any channel detecting high-radiation.
Verification of which channel has alarmed is done at the Radiation Monitoring
System cabinets.

A remotely operated, long half-life radiation check

source is provided in each channel.

The source strength is sufficient

to produce approximately mid-range indication.
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The compUter-indicator module amplifies the radiation level signal, computed
by the log level preamplifier, for indication and recording.

The module

also provides controls for actuation of the channel check source.

A meter is mounted on the front of each computer indicator module and
is calibrated logarithmically from 0.1 mr/hr to 10 R/hr.

A remote meter, calibrated logarithmically from 0.1 mr. to 10 R/hr is
mounted at the detector assembly.

Radiation Monitoring System cabinet alarms consist of a red indicator
light for high radiation and an amber light to annunciate detector or
circuit failure. The remote meter and alarm assembly at the detector
contains a red indicator light and a buzzer type alarm annunciator actuated
on high radiation.

Channel R-10 area monitor is provided to monitor the containment atmos
phere following a highly unlikely loss-of-coolant accident.

This monitor

will be mounted in the steamline penetration area and will assist the
operator to quickly determine if the accident consequences are either
more or less serious than predicted.
from 10 mr/hr, to 2.5 x 10
will be Kr-85 and Xe-133.

R/hr.

The range of channel R-10 will be

The principal isotopes to be monitored

The drawer for this equipment will be mounted

in the RMS area monitor rack.

Radiation Monitoring System Control Room Cabinet

All of the control room system equipment is centralized in three cabinets.
High reliability and ease of maintenance are emphasized in the design
of this system.

Sliding channel drawers are used for rapid replacement

of units, assemblies, and entire channels.

It is possible to completely

remove the-various chassis from the cabinet, after disconnecting the
cables from the rear of these units.
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Effectiveness of SpraySystm

fdr odine6ei0,al.-

,

The effectiveness of the spray system for removal of inorganic iodine from the
containment atmdspher6 is'-.evaituted-ih"detail'-in Ap'pendix j 6A, "I6dine Removvl
Effectiveness Evaluation-of 1the 'Contaifnmnt-.Spray

'

System. '

If there is a large excess of chemical reagent to react with the iodine and
convert it to a non-volatile form with littleor no tendency to return to
the gas phase, the elemental iodine-removal rate by spray can be expressed by:

- -X A(i
s

dt

where:
inventory i of elemental,iodihe which-_'is--AVilabl6'fort -leakage

A

at any time-, t
X

elemental iodine removal coefficient-.

Integration of equation (1) gives:

A

-x

=A 0e

t

'

"

A=A

(2)

0

As discussed in Appendix 6A, an elemental iodine removal coefficientof
64 hr

,

is expected for the case of both spray, pumps operating and 32 hr

for one spray pump operating.
...

..

V

-

...

-. -.

.

-

.

Effectiveness of Fan-Cooler Filter System for Iodine Removal

The removal of iodine by the fflters--6nstaled-n-oler-ui-s--s..
exponential as is the removal of any soluble component under conditions of a
constant mass transfer rate:

[.J:

,.''
:,,,

1

~*:i :"

:-

A =A

e

V-r'
, .

14::.5-3.._

.i

.~

J~

(3)
-

-

-

The formula has the same form as,:formula, (2) developed, in .the previous section
for the spray system.

Since the filters installed in the fan-cooler units have different efficiencies
for removal of elemental,.and-organic iodine, twovalues of X

have to be

specified.
.........

< ... -!

<"

('

=ni

'fi

~.

T

(4)

F

F_c

.

()

F

fo

where:
f

.elemental:. iodine removal coefficient, due to filters,.

Xfo = organic iodine removal coefficient due to filters,

ni

= elemental iodine filter~eff'icienhcy '

To

= organic iodine filter efficiency

F

= air flow rate through the filters

V

c

=

'

= containment free volume',,'

has been studied in a number of
Elemental iodine removal efficiency by filters
of 99.9 percent were measured for impregnated
Efficiencies
s.charcoal filters

in.humid air.

the charcoal was water logged.

Efficiencies were 99.5 percent even when

In this analysis a conservative removal efficiency

of 90 percent for inorganic iodine has been assumed.

Organic Iodine Inventory and Removal Effectiveness

It is not expected that significant organic iodine would be liberated from the
fuel as a result of a loss-of-coolant accident.

This conclusion is based on

the absence of indications of such-release in in-pile fuel meltdown experiments
conducted by Oak Ridge National Laboratory.
14.3. 5*-4

The fraction expected would be

QUESTION 1.3
Indicate Class I structures and components which are so located that they
could be endangered by failure of Class II or Class III structures, and
what protection has been provided these components. Also, can the failure
of the Class III cranes endanger any Class I function?

ANSWER

The only Class I structures and components which are so located that they
could be endangered by failure of Class III structures are the Control
Building, main steam piping and feedwater piping which could be endangered
by the Class III Turbine Building.

No special provisions have been provided

except in the case of the main steam and feedwater lines up to the isolation
valves which are protected by the shield wall and the structural frame at
the north end of the shield wall.

Since these are located near the braced

end of the Turbine Hall, we would not anticipate any structural failure in
this area.

The only Class III crane whose failure could endanger any Class I function
is the Fuel Storage Building crane.

Failure of this crane will not impair

a safe and orderly shutdown.

The wheels of the bridge and the trolley are shaped such that sliding per
pendicular to the rail would not be possible.

The lateral load from an earth

quake on the trolley crane rail is about 50% greater than the lateral loads
from impact which the AISC Code specifies for design within working stress
limits.

The stresses on the crane rail are low due to the earthquake load.

For this reason no failure of the crane rail is anticipated.

The manipulator crane in the Containment Building, a Class III crane, is
restrained from overturning and will not endanger Class I structures.

Q 1.3-1
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jThe turbine building and fuel handling building of Unit .#2 are functionally
Class III structures.

However, these structures will be analyzed using

a multidegree of freedom modal dynamic analysis method to insure that there
is no potential for gross structural collapse of these structures as a result
of the maximum hypothetical earthquake as defined in Tigure A.1-2 of Appendix
A of the FSAR.
the analysis.

A value of 7 percent structural damping will be assumed in
Total response of the structure will be determined on the basis

of the square root sum of square basis of each mode contribution.

A similar

dynamic analysis will also be performed to insure that no potential gross
failure of the Unit #1 stack or super heater building 'could occur for the
maximum hypothetical earthquake and -the design basis tornado for Unit #3.
The resultant dea, live and seismic design stresses in the basic building
structure will be limited to 0.9 yield of the steel.

Modification of

building structures will be made as required to insure this criterion is met.

Q 1.3-2
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QUESTION 9.1
Describe the temperature detectors, alarm and control systems, and electrical
power requirements and sources for heat tracing used to keep the boric
acid piping and tanks at temperatures well above the precipitation point.
Evaluate single failures *inthe controller/alarm units as well as loss
of one source of power to instrumentation'. tank heaters and electrical
heat tracing.

ANSWER

Heat Tracing

All boric acid piping is provided with double circuit (one circuit redundant)
electrical tracing in conjunction with insulation to maintain the concentrated
solution within a temperature range of 163'F to 167*F, when subjected
continuously to an ambient temperature of 40*F in still air.
The normal source of power for the tracing on the boric acid piping totaling
60 KW, is 480 volt Motor Control Center 26A.

This motor control center

is automatically switched to Diesel Generator 21 on loss of power.

In

addition, all circuits can be manually switched to Motor Control Center
26B. which is supplied from Diesel Generator 23 under the same condition.
The electric tank heaters, totaling 39 KW, are supplied from Motor Control
Center 27, which can be manually switched to Diesel Generator 23 on power
loss.
Each Individual pipe tracing circuit has a local control cabinet containing
operating and alarm devices as follows:

1.

Operating Thermostat
sensor.

-

A line thermostat with remote bulb temperature

The bulb is strapped on the pipe underneath the insulation.

This thermostat energizes the tracing, when the pipe temperature
falls below 1610 F, and opens the circuit on a temperature rise to
165'F (the setpoints are lower than the desired temperature range
because of the difference in temperature between'the pipe exterior
and the fluid inside the pipe).

Q 9.1-1
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2.

Alarm Thermostat - A two-stage thermostat with remote bulb sensing
device strapped on the pipe in the same area as the operating thermostat
bulb.

It is used to monitor the pipe temperature.

A high (180 0 F)

or low (160'F) temperature condition on any tracing circuit is indicated
on a local annuciator panel in the Primary Auxiliary Building.

In

addition, this condition is alarmed on the main annuciator in the
Control Room, as is loss of power to the local annuciator.

3.

Test Circuit - A manually operated circuit consisting of test switch,
current relay, and indicating light.

It is used to monitor and

insure the integrity of the de-energized redundant circuit, and
to check the status of the operating circuit.

Power for this circuit

is supplied from the same source as the heat tracing circuit.

Failure of the operating circuit will result in decrease in pipe temperature,
and will alarm in the Control Room.

Test and connection of the redundant

circuit can be accomplished within 15 minutes.

Likewise, failure of any

operating device in the local control cabinet will result in alarm.

Spares

are available so that any defective device can be replaced within one
hour.

Boric Acid Tank Heaters

Each boric acid tank has two 100% capacity electric heaters which are
connected in parallel and controlled from a single controller and a single
temperature sensing controller and a single temperature sensing device
(TIC-107 in Tank 1 and TIC-103 in Tank 2) and are powered by a single
source.

The heaters maintain the boric acid solution at 165*F (temperature

range of 160°F • to 170°F).

TIC-107 (and TIC-103) are "filled system" temperature devices.

The

instrument mechanism is connected to the thermal bulb in the tank by a
capillary.

Thermal expansion of the full fluid is converted into a motion

which:

Q 9.1-2
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APPENDIX A
EMERGENCY NOTIFICATION ROSTER
Al.

Con Edison Site Personnel
Title

Name

Address and Phone No.

General Superintendent

D. J. McCormick

28 Besen Parkway
Monsey, N.Y. - 10952
AC 914-EL-6-2118

Assistant General
Superintendent
(Acting Operations
Superintendent - Unit

A. A. Karkosza

Montebel
Garrison On Hudson, N.Y.
10524
AC 914-265-2252

Operations Superintendent

T. M. Law

261 Cordial Road
Yorktown Heights, N.Y. 10598
AC 914-245-7723

Reactor Engineer

J. M. Makepeace

45 Tamarack Drive
Peekskill, N.Y.
AC 914-737-4170

Performance Superintendent

S. H. Cantone

276 Glen Ave.
Dumont, N.J.
AC 201-384-1753

Assistant Maintenance
Superintendent

A. S. Darden

17 Franklin Avenue
Croton On Hudson, N.Y. 10520
AC 914-CR-1-3574

Assistant Operations
Superintendents

R. L. Simms

15 Birch Parkway
Sparta, N.J. 07871
AC 201--PA9-7884

A. A. Nespoli

422 Elizabeth Road
Yorktown Heights, N.Y. 12598
AC 914-YO2-4305

Health Physicist

G. H. Liebler

3 Ronsue Drive
Wappingers Falls, N.Y. 12590
AC 914-896-8375

Production Engineers

C. Limoges

Cortlandt Strett
Crugers, N.Y. 10521
AC 914-737-8908

W. A. Monti

Bloomer Road RFD No. 2
Mahopac, N.Y. 10541
AC 914-628-6709
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A2.

B. Moroney

1417 The Circle
Peekskill, N.Y. 10566
AC 914-739-5152

M. Shatkouski

6 Rolling Way
Hillcrest Park East
Apt. 6F
Peekskill, N.Y. 10566
AC 914-737-5818

Title

Name

Address and Phone No.

Assistant Manager

J. A. Prestele

42 Lynn Drive
Englewood Cliffs, N.J.
07632
AC 201-LO-7-3843

T. A. Griffin, Jr.

21 Besien Parkway
Monsey; N.Y. 10952
AC 914-356-1819

Manager - Production
Department

F. Lennox

16 Mararetta Court
Staten Island, N.Y. 10314
AC 212-727-8772

Executive Medical Director

S. C. Franco

8950 C'Olonial Road
Brooklyn, N.Y. 12209
AC 212-TE-6-4153

Radiation Safety Officer

W. F. Nelson

7 Toddville Lane
Peekskill, N.Y. 10566
AC 914-737-3865

Chief Mechanical Engineer

J. J. Grob, Jr.

19 Browning Drive'
Livingston, N.J. 07039
AC 201-WY-2-1501

Vice President &
General Counsel-

M. V. Whalen, Jr.

3 East 77th St.
New York, N.Y. 10021
AC 212-BU-8-2197
Wainscott, N.Y. 11975
AC 516-537-1393

System Duty Representative

Variable

Posted Weekly

Director of Public
Information

W. 0. Farley

17 Darrow Court
Kedall Park, N.J. 08824
AC 201-297-2746

'Con Edison Management

Vice President
Supply

-

Power

S0
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A3.

Medical
Title

Name

Address and Phone No.

Assistant Medical Director

A. C. Hamilton

590 Flatbush Avenue
Brooklyn, N.Y. 11225
AC 212-IN-9-9840

District Doctors

M. Menache

220 Tate Avenue
Buchanan, N. Y.
AC 914-739-1770

D. Scuccimarra

722 Hudson Avenue
Peekskill, N.Y.
AC 914-737-0040

C. Blizzard

313 Delancey Avenue
Mamaroneck, N.Y.
AC 914-OW-8-3666

Station First Aid Attendant

A4.

Medical Consultant (Nuclear) R. M. Albert, MD

20 Tintern Lane
Scarsdale, N.Y.
AC 914-GR2-0696

Peekskill Community
Hospital

1980 Crompound Road
Peekskill, N.Y. 10566
AC 914-737-9000

N.Y. University Medical
Center

550 First Avenue
New York, N.Y.
AC 212-679-3200

Peekskill Volunteer Ambulance
Corp.

1980 Crompound Road
Peekskill, N.Y.
AC 914-737-0044

Verplanck Fire Dept.
(Ambulance)

8th Street
Verplanck, N.Y.
AC 914-737-9668

Atomic Energy Commission

N.Y. Operations Office
376 Hudson St.
New York, N.Y.
AC 212-989-1000
Division of Compliance
Newark, N.J.
AC 201-645-3960

M-55
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A5.

State of New York
845 Central Ave.
Albany, N.Y. 12206
Hot Line AC 518-457-2055
Regular AC 518 457-2163

Bureau of Radiological Health
Services

T. J. Cashman

J. Kelleher

50 Rapple Drive
Albany, N.Y.
AC 518-869-0676

K. Anderson

44 Scotch Pine Dr.
Voorheesville, N.Y.
AC 518-765-4077
Hawthorne, N.Y.
AC 914-769-2600

0

County of Westchester

Department of Health

If no answer
A7.

182 Roweland Ave.
Delmar, N.Y.
AC 518-439-6281

H. Farbas

State Police - Troop K

A6.

35 St. Stephens Lane
Scotia, N.Y.
AC 518-399-3121

County Office Building
White Plains, N.Y.
AC 914-949-1300
AC 914-949-6430

Captain of the Port of
New York, Governors
Island, N.Y.

U. S. Coast Guard

8:30 AM - 5:00 PM AC 212-264-8753
(Dangerous Cargo Officer)
5:00 PM - 8:30 AM AC 212-264-8770
(Operations Duty Officer)
A8.

Local Authorities
Peekskill Police Dept.

926 Central Avenue
Peekskill, N.Y. 10566
AC 914-737-0003

Buchanan Police Dept.

Westchester Avenue
Buchanan, N.Y. 10511
AC 914-737-1033
AC 914-739-0802

If no answer
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QUESTION 14.6
Based on our evaluation of the fuel handling accident, we have concluded
that the design bases for equipment in the fuel handling area should con
sider that all rods in an assembly could be perforated by dropping a fuel
assembly during refueling. In calculating resulting offsite exposures
we assume that 20% of the noble gas and 10% of the halogen would be released
and that 90% of the halogens would be retained in the fuel storage pool.
The resulting thyroid dose at the site boundary is in excess of 10 CFR
100 guidelines. Please state what corrective measures or design changes
will be made to insure that off-site doses resulting from this accident
will be less than the lU CFR 100 guidelines.

ANSWER
The consequences of an accident in which all rods in an assembly are
breached under water in the spent fuel handling area were analyzed.
cases were considered:

Two

an expected case, in which the expected characteristics

of the highest rated assembly normally to be discharged at end-of-life
are assumed, along with best-estimate transport behavior of fission products
determined by tests; and a conservative design basis case, in which factors
are introduced to allow for uncertainties.

The expected case is summarized in Table 14.6-1.
off-site doses are calculated to be 3.3

The resulting maximum

rem thyroid and

0.4

rem whole

body, assuming continuous exposure during passage of the released radioactivity.
These doses are well below 10 CFR 100 limits.

In order to impart a degree of bias to the calculation sufficient to assure
conservative results, margins for uncertainty were then applied to experi
mental data and the assumptions regarding fission product inventories.

In

the design basis case thus obtained, summarized in Table 14.6-2, the
maximum off-site doses are 14

rem thyroid and

1.1 rem whole body.

Thus, even

in the event that unexpected deviations from predicted behavior were to
occur, the consequences of the postulated fuel handling accident are con
cluded to be within the guidelines of 10 CFR 100.

In view of these results,

no further provisions in the design of the fuel handling and storage facility
are relied upon to assure conformance to regulations governing accidental
release of radioactivity.

All reasonable measures will be employed in the

handling of irradiated fuel, however, to ensure against the occurrence of
fuel damage and the associated radiological hazara.
Q 14.6-1
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Basis for Assumptions

In analyzing the consequences of a fuel handling accident, we have made
assumptions which differ from those set forth in Question 14.6.

These

differences are justified on the basis of specific design parameters and
conditions of operation of the fuel of this reactor, and by means of tests
conducted fEor this prpose.

The major differences lies in the decontam

ination factor (DF) for iodine which is assumed for gas bubbles passing
through the spent fuel pit liquid:

whereas the DF stated in the question

is 10 (i.e., 90% retained by the liquid) we have assumed 740 in the expected
case and 500 in the design basis case.

These values are based on tests

conducted by Westinghouse to measure the absorption efficiency of bubbles
under conditions closely :simulating the accident.

An experimental arrangement, consisting of a 9 inch diameter vertical column
containing boric acid solution at - depth of up to 7.5 feet., was utilized
in the study.

At the bottom-of the column, a gas injection vessel was pro

vided to permit the introduction of a fixed gas (nitrogen) containing iodine
vapor at the design basis concentration for a Westinghouse fuel assembly:.
The gas mixture was injected in the solution and the stripping!efficiency
for the molecularodine was determined by inventory of the fraction which
,escaped from the aqueous solution., compared to the quantity retained in
-the solution.

The bubble size was controlled, as .was the solution depth-,

:so that the relationship between DF and these variab es could be determined,.

The results of these tests provide a relationship between DF and bubble size
for given water depths .(bubble residence time). To obtain a basis for
selecting a conservative bubble size with which to model the release of gas
from a broken -fuel assembly, a full-scale -mockup :test was conducted.

The

.mockup simulated in ,exact detail the cross section of a Westinghouse fuel
,assembly, fitted up in such a way as to permit the simultaneous release from
;all tubes of a quantity of gas at a pressure and volume corresponding to the
void space of an actual fuel assembly.

The gas was ,discharged in 'a large

pool at a depthof '26 ft, approximately the depth of :the top of the spent
fuel racks.

Effective bubble size was determined by measuring the absorption

4.6-2 Q

4"
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ASTM-A333, Gr. 1, except where otherwise noted.

The electrical cart

ridges have been secured to the penetration sleeve so that all possible
1 k paths between the cartridge and sleeve will be blocked by a
pres urized zone.

3.

Access P

etrations:

The equipmen

Materials

and personnel access hatch material are as follows:

Item
Equipment Hatch Ins

Material Specification
t:

ASTM A300, Cl. 1, Firebox
A-516, Gr. 60

Equipment Hatch Flanges:

ASTM A300, Cl. 1, Firebox
A-516, Gr. 60

Equipment Hatch Head:

ASTM A300, Cl. 1, Firebox
A-516, Gr. 60

Personnel Hatch:

ASTM A300, Cl. 1, Firebox
A-516, Gr. 60

5.1.4.4

Leak Testing of Penetration Ass mblies

A proof test is applied to each penetration by

ressurizing the necessary areas

to 54 psig.

This pressure is maintained for a su ,icient time to allow soap
buddle and Freon sniff tests of all welds and matin surfaces. Any leaks
found are to be repaired and retested; this procedur is repeated until no

leak exists.

5.1.4.5

Construction

The qualification of welding procedures and welders has been n accordance
with Section IX, "Welding Qualifications" of the ASME Boiler a
Pressure
Vessel Code. The repair of defective welds has been in accordan e with
Para. UW-38 of Section VIII "Unfired Pressure Vessels."

5.1.4-7

5.1.4.6

Testability of Penetrations and Weld Seams

All penetrations, the personnel air lock and the equipment hatches are designed
with double seals which will be normally pressurized at 50 psig.

Individual

testing at 115% of containment design pressure is also possible.
The containment ventilation purge ducts are equipped with double isolation
valves and the space between the valves is permanently piped into the pene
tration pressurization system.

The space can be pressurized to 115% of de

sign pressure when the isolation valves are closed.

The valve outside of.

containment is a conventional butterfly valve which is leaktight with design
pressure inside the containment.

The valve inside of containment is a butter

fly valve of an inflatable seat design which will be leaktight with design
pressure on either side of the flapper.

The gas pressure for inflating the

seat is supplied from the penetration pressurization system or from a second
reserve air supply to provide two independent-sources of gas pressure.

The

shaft seals for all purge valves consist of a double seal with a leak test
space between which is permanently piped into the penetration pressurization
system.

The purge valves fail in the closed position upon loss of power

(electric or air).
All welded joints in the liner have steel channels welded over them on the
inside of the vessel*.

During construction, the channel welds were tested

by means of pressurizing sections with Freon gas and checking for leaks by
means of a Freon sniffer.

These welds were also then continuously pressur

ized at 50 psig.

5.1.4.7

Accessibility Criteria

The containment will be ,completely closed whenever the core is critical
or whenever the primary system temperature is above 200 0 F and the pressure
above 300 psig with nuclear fuel in place except..as required for brief periods
necessary to relieve the containment to keep the pressure below a reasonable
level (1-2 psig).

5.1.4-8

The shaft material is ASTM A276 Type 316 condition B or precipi
tation hardened 17-4 PH stainless procured and heat treated to
Westinghouse Specifications.

These materials are selected because

of their corrosion resistance, high tensile properties, and
their resistance to surface scoring by the packing.
The motor operator is located above the maximum sump fluid level
and therefore is never submerged.

The motor operator is

extremely rugged and is noted throughtout the power industry for
its reliability.

The unit incorporates a "hammer blow" feature that

allows the motor to impact the discs away from the fore or back
This "hammer blow" feature not only

seat upon opening or closing.

impacts the disc but allows the motor to attain its operational
speed.
The valve is assembled, hydrostatically tested, seat-leakage tested
(fore and back), operationally tested, cleaned and packaged per spec
ifications.

All manufacturing procedures employed by the valve

supplier such as welding, repair welding, and testing are submitted
to Westinghouse for approval.
The valve operator completes its cycle from one position to the other
in-120 seconds.
Valves which must function against system pressure are designed
such that they function with a pressure drop equal to full system
pressure across the valve disc.
Motor Operated Gate Valves
The pressure containing parts (body, bonnet and discs) of the valves pmployed
in the safety injection System are designed per criteria established by the
USAS B16.5 or MSS SP66 specifications.
6.2-25b

The materials of construction
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these' part's are procured per ASTM A182, F316 or A351, Gr CF8M or CF8.

Almaterial in

contact with the pr imary fluid, except the packing, is

austenitic stainless steel or equivalent corrosion resisting material.
The pressure containing cast components are radiographically inspected

as outlined in ATM E-71 Class 1 or Class 2. The body, bonnet and discs

'
as1
are liquid penetrant inspected in accordance with ASME Boiler and Pressure
Vessel Code Section VIII, Appendix VIII. The liquid penetrant acceptable

in USAS B31.1 Case N-10.
is, ....as.
standard
.. .
...- . outlined
-, / 1i :
gasket is employed the body-to-bonnet joint is designed per ASME
. a::
When

Boiler and Pressure Vessel Code Section VIII or USAS B16.5 with a fully

trap,... controlled compression, spiral wound asbestos gasket with~provisions
seal
for seal welding, or of the pressure seal design with provisions for
welding.

per
The body-to-bonnet bolting and nut materials are procured

ASTH A193 and A194, respectively.
SP-61 with
The entire assembled unit is hydrotested as outlined in MSS
the exception that the test is maintained for a minimum period of 30.minutes

parallel
per inch of wall thickness. The seating design is of the Darling,
These
disc design, the Crane flexible wedge design, or the equivalent.
during
designs have the feature of releasing the mechanical holding force
to work only
the first increment of travel. Thus, the motor operator has

the disc
against the frictional component of the hydraulic unbalance on
the full
and the packing box friction. The discs are guided throughout
movement. The
disc travel to prevent chattering and provide ease of gate

to prevent
seating surfaces are hard faced (Stellite No. 6 or equivalent)
galling'and reduce wear.
The .stem material is ASTM A276 Type 316 condition B or precipitation hardened
Specifications.
17-4 PH stainless procured and heat treated to Westinghouse
resistance, high
These materials are selected because of their corrosion
by the packing.
tensile properties, and their resistance to surface scoring
leak-off connection
The valve stuffing box is designed with a lantern ring
ring and a maximum
w'Iith a,minimum of a full set of packing below the lantern

-.

6.2-26

Total leakage from penetrations and weld channels is measured by summing
the recorded flows in each of the four pressurization zones.

A leak would

be expected to build up slowly and would therefore be noted before design
leakage limits are exceeded.

Therefore, remedial action can be taken

before the limit is reached.

In order to provide facility for testing the larger penetrations, branch
pressurizing lines are provided from one of the zones to:

a)

The double-gasketed space on each hatch of the personnel air lock.

b)

The double-gasketed space at the equipment hatch flange.

c)

The pressurized zones in the spent fuel transfer tube.

d)

The spaces between the two butterfly valves in the purge supply
and exhaust ducts.

e)

The two spaces between the three butterfly valves in the containment
pressure relief line.

f)

The spaces between double containment isolation valves in the steam
jet air ejector return line to containment and in the containment rad
iation monitor inlet and outlet lines.

The make up air flow to the penetrations and liner weld joint channels
during normal operation is recognized to be only an indication of the
potential leakage from the containment.

However, it does indicate the

leakage from the pressurization system, and the degree of accuracy will
be increased when correlated with the results of the full scale contain
ment leak rate tests.

The criteria for selection of operating limits

for air consumption of the pressurization system are based upon the integrated
containment leak rate test acceptance criterion and upon the maintenance
of suitable reserve air supplies in the static reserves consisting of the
air receivers and nitrogen cylinders.

A summary of these operating limits

is as follows:

6.6-9

1.

A base-line air consumption rate shall be established for each of
the four pressurization headers at the time of successful completion
of the integrated containment leak rate tests, during performance of
the sensitive Leakage. Rate Te st.

Unexplained increases from this

consumption rate shall be considered as reason for concern and
normal practice will require routine investigation and location
of the point of leakage.

2.

The upper limit for long-term uncorrected air consumption for the
pressurization system shall be 0.2% of the containment volume per
day (sum of four headers).

This is consistent with maintenance of

a minimum 24 hours supply in the reserve nitrogen cylinders.

3.

The upper limit for short-term air consumption for the pressurization
system shall be 0.5% of the containment volume per day, contingent
on the following:

a)

Pressure in all pressurization zones is maintained above incident
pressure.

b)

Air supply is maintained from the. compressed air systems with
compressors running.

c)

The full complement of standby nitrogen cylinders (3) is charged,
.assuringan aggregate gas supply sufficient for at least 24
hours of operation.

Supplement 8
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A variable area flow sensing device is located in each of the headers
supplying make up air to the four pressurization zones.

Signal output

from each of the four flow sensors is applied to an integrating recorder
located in the control room.

Output from all sensors is also applied to

a summing amplifier which drives a total flow recorder.

A short term

leakage rate alarm and a long term leakage rate are also derived in the
recording channel, to alert the operator in the control room.
instrumentation, the flow measurement accuracy is within
reproducibility within 0.3% of full scale.

+1%

With this
and the

Since a flow of 0.2% of the

containment volume per day at 47 psig is approximately 3.6 ft 3/minute,
the sensitivity of the flowmeters is well within the maximum leakage of
the pressurization system.

The full scale pre- and post-operational

integrated leak rate tests will indicate the true leak rates from the
penetrations, liner welds, and liner weld joint channels.

Supplement 8
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TABLE 6.6-1

CONTAINMENT PENETRATION AND WELD CHANNEL
PRESSURIZATION AIR RECEIVERS

Number
3
Volume, (each) ft

360

Material

ASTM A-285-C

Design pressure, psig
Design temperature, 0 F

140

Operating pressure, psig

100

Operating temperature, 0F

100

Code

ASME UPV (Sect. VIII)

200

Seal Water Heat Exchanger

The seal water heat exchanger removes heat from two sources; reactor coolant
PUMP seal water 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 tube sheet 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 pump' seals ate leaking

at the maximum design

leakage rate.

Seal Water Filter

The filter collects particulates larger than 25 microns from the reactor
coolant pump seal water 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 floating ring
seals.

The vessel is constructed of austenitic stainless steel and is pro

vided with connections for draining and venting.

Disposable synthetic

filter elements are used.

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.

9.2-21Supplement
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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

is

filter

designed to pass

operating simultaneously.
steel and the

flow of two boric acid pumps

the design

The vessel is constructed of austenitic stainless

filter elements are disposable synthetic cartridges.

Provisions

are available for venting and draining the filter.

Boric Acid Tanks

The boric acid tank capacities are sized to store sufficient boric acid
solution for refueling enough boric acid solution for a cold shutdown shortly
after full power operation is achieved.

In addition, sufficient boric acid

solution is available for cold shutdown if the most reactive RCC is not
One tank supplies boric acid for reactor coolant makeup while

inserted.

recycled solutions

from the concentrates holding tank is accumulated in the

other tank.

The concentration of boric acid solution in storage is maintained between
11.5 and

by weight.

Periodic manual sampling and corrective action

is provided, if necessary, to ensure that these limits are maintained.
Therefore, measured quantities 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.

Boric Acid Tank Heaters

Two 100% capacity electric immersion heaters located near the bottom of each
boric acid tank are designed to maintain the temperature of the boric acid
solution at 165'F with an ambient air temperature of 40°F thus ensuring a
temperature in excess of the solubility limit (for 20,000 ppm boron this is
130'F).

The heaters are sheathed in austenitic stainless steel.

9.2-22

Refueling Water Purification Pump

The refueling water purification pump circulates water in a loop between
the refueling water storage tank and the spent fuel pit demineralizer and
filter.

All wetted surfaces of the pump are austenitic stainless steel.

The pump is operated manually from a local station.

Spent Fuel Pit Filter

The spent fuel pit filter removes particulate matter larger than 5 microns
from the spent fuel pit water.

The filter cartridge is synthetic fiber

and the vessel shell is austenitic stainless steel.

Spent Fuel Pit Strainer

A stainless steel strainer is located at the inlet of the spent fuel pit
loop suction line for removal of relatively large particles which might
otherwise clog the spent fuel pit demineralizer.

Spent Fuel Pit Demineralizer

The demineralizer is sized to pass 5% of the loop circulation flow, to
provide adequate purification of the fuel pit water for unrestricted access
to the working area, and to maintain optical clarity.

Spent Fuel Pit Skimmer

A skimmer pump, strainer and filter are provided for surface skimming of
the spent fuel pit water.

Spent Fuel Pit Valves

Manual stop valves are used to isolate equipment and lines, and manual
throttle valves provide flow control.

Valves in contact with spent fuel

pit water are austenitic stainless steel or equivalent corrosion resistant
material.

9.3-11

Spent Fuel Pit Piping

All piping in contact with spent fuel pit 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.

9.3.3

SYSTEM EVALUATION

Availability And Reliability

Component Cooling Loop

For component cooling of the reactor coolant pumps, the excess letdown
heat exchanger and the residual heat exchangers inside the containment,
most of the piping, valves, and instrumentation are located outside the
primary system concrete shield at an elevation above the water level in
the bottom of the containment at post-accident conditions. (The exceptions
are the cooling lines for the reactor coolant pumps and reactor supports,
which can be secured following the accident.)

In this location the systems

in the containment are protected against credible missiles and from being
flooded during post-accident operations.

Also, this location provides

shielding which allows for maintenance and inspections to be performed
during power operation.

Outside the containment, the residual heat removal pumps, the spent fuel
heat exchanger, the component cooling pumps and heat exchangers', and associated
valves, piping and instrumentation are maintainable and inspectable during
power operation.

Replacement of one pump or one heat exchanger is practicable

while the other units are in service.

Several of the components in the component cooling loop are fabricated from
carbon steel.

The component cooling water contains a corrosion inhibitor to

protect the carbon steel.

Welded joints and connections are used except where

flanged closures are employed to facilitate maintenance.

The component

cooling line welds inside the containment are 100% radiographed.

9.3-12

The entire

cooling water to the diesels.

The inlet valving -is arranged so that each

of the three diesels can be served by either of the supply lines and, furthermore,"
the failure of single passive or active component will not result in the loss
of all diesel power.

Design Evaluation

The non-essential service water system is not required for the maintenance
of plant safety immediately following an accident.

The essential portion

of the servide water system is designed to prevent the single failure of any
active component used during this injection phase of the Safety Injection
System (Section 6.2) or the single failure of any active or inactive component
of the remaining engineered safety features from limiting the ability of the
engineered safety features to perform their function in the event of an accident.

Sufficient pump capacity is included to provide design service water flow
under all conditions and the headers are arranged in such a way that even
loss of a complete header does not jeopardize plant safety.

Tests and Inspections

Each service water pump will undergo a hydrostatic test in the shop in which
all wetted parts will be subjected to a hydrostatic pressure of one and one
half times the shut-off head of the pump.

In addition, the normal capacity

vs. head testswill be made on each pump.

All valves in the serivce water system will undergo a shop hydrostatic test
of three times the design pressure on the body and two and one-third times
design pressure on the seat.

Service water system design pressure is 150

psig.

All service water piping will be hydrostatically tested in the field at 225
psig or one and one-half times design.

The welds in shop fabricated service

water piping will be liquid penetrant or magnetic particle inspected in accordance
with the ASME Boiler and Pressure Vessel Code, Section VIII.

Electrical components of the service water system are tested periodically.
9.6-5

TABLE 9.6-1

ESSENTIAL SERVICE WATER REQUIREMENTS @ 75°F

Service (Number)

Flow
Each (GPM)

Normal
Flow Total

MCA Flow
1st Hr.

Containment cooling coils (5)

2,000 MGA

10,000

Component coolers (2) *

7,000*

1,160
7,000*

Diesel generators (3)

400

1,200

1,200

Turbine oil coolers (2)

1,100

1,100

1,100

Seal oil coolers and Steam
generator feed pump oil coolers

220

200

Radiation sample cooler

80

80

80

Air compressor heat exchanger

65

65

65

100

100

Service water pump strainer
blowdown

Total Flows

10,965

10,925

(I )

MCA Flow
After 1st. Hr.

6,000 (

1)

5,000*

12,745

1,200

-12,445

Item marked * is supplied from other header of service water system.

MCA Flow

Total flows for essential
service header

3,925

12,745

No. of pumps required

1

2

2

Required pump capacity

3,925

6,373

3,723

1st Hr.

The pump will run out on their curve to meet the flows.

(1 )Only 6,000 gpm required after isolation of 2 coils and fans: only
3 fans are required.
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MCA Flow

Normal
Flow

After 1st Hr.

7,445

absolute total activity exceeds a certain value.

It cannot be

distinguished whether the activity comes from high power opera
tion, power increase or leaking fuel at lower power levels.

One

action following a gamma alarm would be to take additional
chemistry samples

for analysis.

AREA RADIATION MONITORING SYSTEM

This system consists of nine channels which monitor radiation levels
in various areas of the plant.

These areas are listed as follows:

Channel

Area Monitor

R- 1

Control Room

R-2

Containment

R- 3

Criticality Monitor

R-4

Charging Pump Room

R-5

Spent Fuel Building

R- 6

Sampling Room

R- 7

In-Core instrument Area.

R-8

Drumming Station

R-10

Containment (Special)

Each channel (R-1 through R-8) consists of fixed position gamma sensitive
G-M tube detector. The detector output is amplified and the log count
rate is determined by the integral amplifier at the detector.

The radiation

level is indicated locally at the detector, and at the Radiation Monitoring
System cabinets where it is also recorded.

High-radiation alarms are

displayed on the main annunciator, the Radiation Monitoring cabinets,
and at the detector location.

The control room annunciator provides

a single window which alarms for any channel detecting high-radiation.
Verificat ion of whi ch channel has alarmed is done at the Radiation Monitoring
System cabinets.

A remotely operated, long half-life radiation check.

source is provided in each channel.

The source strength is sufficient

to produce approximately mid-range indication.

11.2-21
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The computer-indicator module amplifies the radiation level signal, computed
by the log level preamplifier, for indication and recording.

The module

also provides controls for actuation of the channel check source.

A meter is mounted on the front of each computer indicator module and
is calibrated logarithmically from 0.1 mr/hr to 10 R/hr.

A remote meter, calibrated logarithmically from 0.1 mr. to 10 R/hr is
mounted at the detector assembly.

Radiation Monitoring System cabinet alarms consist of a red indicator
light for high radiation and an amber light to annunciate detector or
circuit failure. The remote meter and alarm assembly at the detector
contains a red indicator light and a buzzer type alarm annunciator actuated
on high radiation.

Channel R-10 area monitor is provided to monitor the containment atmos
phere following a highly unlikely loss-of-coolant accident.

This monitor

will be mounted in the steamline penetration area and will assist the
operator to quickly determine if the accident consequences are either
more or less serious than predicted.
from 10 mr/hr, to 2.5 x 102 R/hr.
13

will be fission products.

The range of channel R-1O will be

The principal isotopes to be monitored

The drawer for this equipment will be mounted

in the RMS area monitor rack.

Radiation Monitoring System Control Room Cabinet
All of the control room system equipment is centralized in three cabinets.
High reliability and ease of maintenance are emphasized in the design
of this system.

Sliding channel drawers are used for rapid replacement

of units, assemblies, and entire channels.

It is possible to completely

remove the various chassis from the cabinet, after disconnecting the
cables from the rear of these units.

11.2-22
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overstressed due to eccentric positioning of cross bracing.
will be reinforced by flange cover plates.

These areas

Approximately 30 tons of addi

tional plate will be required to strengthen the structure.

Wi th respect to tornado resistance of the structure, total lateral load
in the N-S direction is approximately 10 percent and in the E-W direction
20 percent less than the seismic induced lateral load on the structure.

Tornado loads were based on a 360 mph wind Using the shape factors for
rectangular building as defined in ASCE Paper 3269.

It was assumed 20 percent

of the wall area of the building was still intact as a reaction surface for
the wind in addition to the total surface area of major equipment and the stack
at its existing height.

On the basis of this analysis the building has

approximately the same resistance capacity to a 360 mph tornado wind as it
does for the 0.15g earthquake.

Q 1. 3-13
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Table 1. 3-1

Dynamic Characteristic of Turbine Building

Mode

Freq.

NO *

CP S

Valves

.08

1.5042
2

1.6141

.12

3

2.2849

.19

4

4.3292

.2

5

5.2813

.2

6

8.2814

.18

7

12.1704

.15

9

15.1274

.15

10

20.754

.15

11

22.4809

.15

12

23.8001

.15

13

27.3040

.15

14

33.9678

.15

Length (ft.)

1

Displacement (inches)

0.002

10
0.20

25
1.25

50

75

5.01

11.27

It is therefore concluded that the Service Water lines could withstand,
without being overstressed, relative bedrock displacements associated
with the earthquakes defined for the Indian Point site.

Q 1.9-17
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100
20.04

Question 8.1
Please perform an analysis to demonstrate the ability of IPP #2
to meet the single failure criterion recognizing that a single
138 kv line connects the station to the Buchanan substation, a
distance of approximately 3/4 mile. This analysis should include:
a)

The ability of the grid to provide offsite power while losing
the IPP #2 generating capacity or the next largest unit on
the grid.

Answer

The 138 Kv supply to Indian Point No. 2 is obtained from the Buchanan
138 KV station.

This station has two connections toMillwood 138 Kv

station and two to the Orange and Rockland Company's Lovett Station.
There is also a connection to Indian Point Unit No. 1.

The Indian Point

No. 2 345 Kv connection to the system goes to Buchanan 345 Kv substation
(which is not connected directly to the 138 Kv station) and then directly
to Millwood 345 Kv station.

System stability studies have been made that

show that the system is stable for the loss of any generating unit including
Indian Point No. 2.

There is no direct connection between Buchanan 345 and 138 Kv station
and the 138 Kv supply to Indian Point No. 2 will not be directly affected
by the loss of Indian Point No. 2 345 Kv output.

The 138 Kv connection, however, supplies one station auxiliary transformer
at Indian Point No. 2 and the loss of this transformer would interrupt the
138 Kv supply to the station.
6.9 Kv is provided.

For this reason, an alternate supply at

This supply is automatically connected in the event

that 138 Kv supply is lost.

0 8.1(a)-l
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QUESTION 9.5
The FSAR
handling
the fuel
facility

on page 14.2.1-3 states that "Crane facilities do not permit the
of heavy objects, such as a spent fuel shipping container, above
racks." Please describe how this objective is implemented in the
layout.

ANSWER
Figure Q 9.5-1 shows the plan arrangement of the Fuel Storage Building.
During normal operation when the spent fuel cask is being placed in or removed
from its position in the spent fuel pit, mechanical stops will be incorporated
on the bridge rails which will make it impossible for the bridge of the crane
to travel further north than a point directly over the spot reserved for the
cask in the pit.

During normal reactor operation, the two southernmost spent fuel racks, each
holding 25 fuel assemblies, will be removed and stored elsewhere, and the
southern half of the rack holding 32 fuel assemblies in the southeast corner
of the pit will be covered with a removable stainless steel plate, to prevent the
normalrstorage of fuel assemblies in those.66 positions closest to the south
wall of the spent fuel pit. These restricted storage locations would be utilized
only in the event that the total core fuel assemblies are removed and 1/3 of a
core from a previous refueling is present.
Thus it will be possible to handle the spent fuel cask with the 40 ton
hook and to move new fuel to the new fuel elevator with the 5 ton hook,
but under normal conditions it will be impossible to carry any objectVver
the spent fuel storage area with either the 40 or 5 ton hook of the fuel
storage building crane.

Q 9.5-1
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management personnel who can be contacted.

The indi

vidual first contacted shall in turn notify the others
on the list, and shall make the necessary notification
of Con Edison off-site mangement personnel.

5.2.2

a.

General Superintendent

b.

Operations Superintendent

c.

Reactor Engineer

d.

Performance Superintendent

e.

Assistant Maintenance Superintendent

f.

Assistant Operations Superintendents

g.

Health Physicist

h.

Production Engineers (assigned to Command Group)

Con Edison Management

Notification shall be made, in the order shown, of the
first of the following individuals who can be contacted.
The first person contacted shall in turn notify the others
on the list.

5.2.3

a.

Assistant Manager (Nuclear) - Production Department

b.

Vice President - Power Supply

c.

Manager - Production Department

d.

Executive Medical Director

e.

Radiation Safety Officer

f.

Chief Mechanical Engineer

g.

Vice President - General Counsel

h.

System Duty Representative

i.

Director of Public Information

Medical

Notification of one or more of the following individuals
shall be made by the Contingency Coordinator or General
Superintendent as deemed necessary.

8
,n

n
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5

5.2.4

5.2.5

a.

Con Edison Assistant Medical Director

b.

District Doctors

c.

Station First AidAttendant

d.

Medical Consultant (Radiation)

e.

Peekskill Community Hospital

f.

N. Y. University Hospital

g.

Peekskill Community Volunteer Ambulance Corp.

h.

Verplanck Fire Department (Ambulance)

Atomic Energy Commission

a.

N.Y. Operations Office - Division of Compliance

b.

N.Y. Operations Office - Radiation Duty Officer

State of New York

a.

Department of Health, Bureau of Radiological Health
Services

b.

5.2.,6

County of Westchester

a.

5.2 .7

Department of Health

U. S. Coast Guard

a.

5.2.8

State Police

Captain of the Port of New York

Local Authorities

a..

Peekskill Police Department,

b.

Buchanan Police Department

c..,Peekskill Fire, Department
d.- Buchanan Fire Department

9
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5.

AI'PINI) I.X A
EMERGENCY NOTIFICATION ROSTER
Al.

Con Edison Site Personnel

Title

Name

General Superintendent

D. J. McCormick

Address and Phone No.
28 Besen Parkway
Monsey, N.Y. - 10952

AC 914-EL-6-2118
Assistant General
Superintendent
(Acting Operations

A. A. Karkosza

Montebel
Garrison On Hudson, N.Y.
10524
AC 914-265-2252

Operations Superintendent

T. M. Law

261 Cordial Road
Yorktown Heights, N.Y. 10598
AC 914-245-7723

Reactor Engineer

J. M. Makepeace

45 Tamarack Drive
Peekskill, N.Y.
AC 914-737-4170

Performance Superintendent

S. H. Cantone

276 Glen Ave.
Dumont, N.J.
AC 201-384-1753

Assistant Maintenance
Superintendent

A. S. Darden

17 Franklin Avenue
Croton On Hudson, N.Y. 10520
AC 914-CR-1-3574

Assistant Operations
Superintendents

R. L. Simms

15 Birch Parkway
Sparta, N. J. 07871
AC 201--PA9-7884

A. A. Nespoli

422 Elizabeth Road
Yorktown Heights, N.Y. 12590
AC 914-Y02-4305

Health Physicist

G. H. Liebler

3 Ronsue Drive
Wappingers Falls, N.Y. 12590
AC 914-896-8375

Assistant Superintendent

W. A. Monti

Bloomer Road RFD No. 2
Mahopac, N.Y. 10541
AC 914-628-6709

Production Engineers

C. Limoges

Cortlandt Strett
Crugers, N.Y. 10521
AC 914-737-8908

Superintendent - Unit

No. 2)

M-53
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A2.

B. Moroney

1417 The Circle
Peekskill, N.Y. 10566
AC 914-739-5152

M. Shatkouski

6 Rolling Way
Hillcrest Park East
Apt. 6F
Peekskill, N.Y. 10566
AC 914-737-5818

Title

Name

Address and Phone No.

Manager - Nuclear

J. A. Prestele

42 Lynn Drive
Englewood Cliffs, N.J.
07632
AC 201-L0-7-3843

T. A. Griffin, Jr.

21 Besen Parkway
Monsey N.Y. 10952
AC 914-356-1819

Executive Medical Director

S. C. Franco

8950 Colonial Road
Brooklyn, N.Y. 12209
AC 212-TE-6-41533

Radiation Safety Officer

W. F. Nelson

7 Toddville Lane
Peekskill, N.Y. 10566
AC 914-737-3865

Chief Mechanical Engineer

J. J. Grob, Jr.

19 Browning Drive
Livingston, N.J. 07039
AC 201-WY-2-1501

Vice President &
General Counsel

J. D. Block

920 Park Avenue
New York, N.Y. 10028
AC-212-62P-P335

System Duty Representative

Variable

Posted Weekly

Director of Public
Information

W. 0. Farley

17 Darrow Court
Kedall Park, N.J.
AC 201-297-2746

Con Edison Management

Power Ganeration Department

Vice President - Power

Supply

Supplement 13
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08824

S

CONTINGENCY ORGANIZATION
ATCMIC ENERGY COMISSION

LOCAL & CIVIL AUTHORITIES

RADIOLOGICAL ASSISTANCE

N.Y.1Operations Office
Div. of Compliance - N.Y.

N.Y. State Police
Peekskill Fire & Police Depts.
Buchanan Fire & Police Depts.
U.S. Coast Guard

N.Y.S. Dept. of Health
A.E.C. Rad. Ass't. Team
Westchester County Dept. of
Health

COMMAND GROJP
CONTINGENCY COORDINATOR
Gen. Watch Foreman
Oper. Supt. (when on site)

_
CONTINGENCY TEAM
Watch Foreman
Shift H.P. Technician
Shift Chemist
Assigned Shift
Personnel

_

_
H.P. MONITORING TEAM
H.P. Supv. Engineer
H.P. Technicians

Gen. Supt. - In Charge
Operations Supt.
Reactor Engineer
Performance Supt.
Ass't Maint. Supt.
Ass't Oper. Supt.
Health Physicist
Production Engineers

_

_
CON EDISON MANAGEMENT

Ass't. Mgr. - Prod. Dept.
Manager - Prod. Dept.
Chief Mech. Engineer
Executive Medical Div.
Radiation Safety Officer
General Counsel
System Duty Repr.
Direct. Public Info.

CONSULTANTS
Radiation Medicine
Health Physics
Environ. Health

MEDICAL
Station First Aid Attendant
Ass't. Medical Director
District Doctors
HOSPITALS
Peekskill Community
N.Y. Univ. Medical Center
AMBULANCE
Peekskill Community Volunteers
Verplanck Fire Dept.

FIGURE 3

13. 4. 1-3

2.

Experience

-

Minimum experience shall include five years in nuclear

plant testing, operations, training, construction or direct support
of these activities with some of this time preferably in a supervisory
capacity.

Q13.4(2)-61
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Position Title:

Startup Engineer (Chart II "B2.4.1")

Primary Function:
Act as cognizant engineer for assigned systems in startup of Indian Point
Units No. 2 and 3. Responsibilities include test pr ocedure research, writing,
resolution of comments, final issue and test conduct.

Duties & Responsibilities:

1.

Follow system through construction phase, report on status and remain
familiar with field changes or other problems affecting testing.

2.

Conduct research into design objectives, system parameters in sufficient
detail to write test procedures.

3.

Write test procedures.

4.

Assist management in obtaining Con Edison approval of procedures.

5.

Resolve comments and issue final approved test procedures.

6.

Conduct system tests in accordance with approved procedures.

7.

Resolve testing problems, coordinate activities of test personnel,
identify significant problems of delay, inability to meet test objectives,
personnel or plant safety to supervision.

Position Requirements:

Education & Experience

-College

Degree in Engineering, Physics or other Science.

Alternate to degree shall be high school graduate with minimum of two years
experience in nuclear plant testing, operations, training, construction or
direct support of these nuclear activities.

Supplement 8

4/70
Q 13.4(2) -91

Personnel .Resume (Chart, II"-B2.4..l")

0

Startup Engineer:to be-assigned.
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Position Title:

Lead Refueling Engineer (Chart II "B3.1")

Primary Function:

Ensure fuel is handled properly in accordance with approved procedures.
Responsible for correct operation, positioning and monitoring of the in
core loading instrumentation.

Concur in the insertion of each fuel assembly

into the reactor.

Duties & Responsibilities:

1.

Coordinate the efforts of WEDCO refueling personnel, craftsmen and
Con Edison personnel in conduct of core loading.

2.

Determine the need for technical assistance to support the program
and assist in supervising correction of problems.

3.

Assist in maintaining a daily log of actual core loading activities.

4.

Observe and insure the proper operation of the fuel handling equipment
sequencing, inspections and orientation of fuel assemblies from storage to
installation of fuel into the reactor vessel.

5.

Responsible for supervision and coordination of all fuel handling
operations, necessary data acquisition and analysis relating to reactivity
control.

6.

Authorize the movement of each fuel assembly.

7.

Observe and insure the proper sequencing of fuel handling and final
material inspection of fuel assemblies prior to installation.

8.

Designates the location and position of all fuel assemblies in the core.

9.

Keep Manager of Refueling informed of progress, identify critical needs,
make recommendations to safely and satisfactorily complete core loading
on time.
Supplement 8
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Personnel Resume (Chart II "B3.1")

Education:

1953 B.A. Chemistry - Texas Technological College
1960 M.S. Physics

-

San Diego State College

Experience:

1958

-

1960

- General Atomic Division, General Dynamics Research
assistant and licensed reactor operator conducting
critical experiments at the Triga Reactor Facility.

1960

-

1967

- Westinghouse Reactor Evaluation Center.

Senior

Scientist and Senior Reactor Operator directing
critical experiments related to PWR design and operations.
Also directed and conducted training classes for Senior
Reactor Operators.

1967-

Present

-

Westinghouse Nuclear Energy Systems.

Nuclear plant

startup physicist and Plant Operations Specilist
participating in plant startup and core loading at
Saxton, San Onofre, Zorita, SENA, Indian Point Unit 1
and RGE.

Also participated in the SENA and Selni restart

programs.
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Personnel Resume (Chart II "B3.2")

1956 Associate Degree E.E.
1960

-

Pennsylvania State University

1968 Math and Physics Evening School - Carnegie-Mellon University
Three Operator Training Courses
to operate C-W pool reactor,
WTR and NERVA criticals.
-

-Licensed

Experience:
1959

-.1962

-Westinghouse

Testing Reactor, Operations and Engineering

Section, Engineering Technologist.
Joined Westinghouse during the construction of the testing
reactor and was initially assigned responsibility for the
preparation of test procedures used in the final checkout
and acceptance of numerous reactor systems. Operated reactor
for several years as "Chief Reactor Operator" and per
formed additional functions such as preparing the fuel
cycling schedules, determining the fuel burn-up, and pre
paring reactor and associated systems operating procedures.
Later transferred to the Experimental Engineering Section
where responsibilities included the design, installation, and
operation of experimental capsules inserted into the reactor.
1962

-1963

-Westinghouse

Atomic Power Division, Proposal Engineering

Engineer.
Responsibile for the preparation of cost estimates for power
reactors based on preliminary plant designs. These estimates
included both hardware and engineering costs.,

Q 13.4(2)-95
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1963 - 1968

-

Westinghouse Astronuclear Laboratory, Experimental
Facility Experimental Engineer.

Responsibilities included the design, performance,
analysis and reporting of critical experiments on
NERVA type reactor Acted as Cognizant Engineer in following
the design, procurment, installation and initial startup
of new reactor assemblies at the facility.

Other duties

included preparation of facility operating documents,
design of numerous electrical and mechanical systems
to improve experimental operations and the development of
statistical methods for more accurate analysis of experi
mental data.

1968 - Present -

Westinghouse'Nuclear Energy Systems, Plant Operations
Specialist.
Participated in the core loading and startup test programs
at the Rochester Gas and Electric Ginna Nuclear Power
Station and Yankee Rowe Nuclear Power Station.

0
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Position Title:

Refueling Engineer (Chart II "B3.1.1")

Primary Function:

Direct preparation and conduct of core loading at Indian Point Units No. 2
and 3, as required by Refueling Manager and/or Lead Refueling Engineer.

Duties & Responsibilities:

1.

Plan and assist in scheduling of core loading task to meet critical
date established by overall schedule.

2.

Assist in the training of refueling personnel via lectures, study
etc.

programs and use of tools, cranes,

3.

Coordinate the efforts of WEDCO refueling personnel, craftsmen and
Con Edison personnel in conduct of core loading.

4.

Determine the need for technical assistance to support the programs
an inform the Lead Refueling Engineer of this need.

5..

Assist in maintaining a daily log of preparatory and actual core
loading activities.

6.

Observe and insure the proper fuel handling operations, sequencing,
inspections and orientation of fuel assemblies from storage to installation
of fuel into the reactor vessel.

7.

Responsible for observing fuel handling operations and obtaining
necessary data and control of reactivity.

8.

Under the direction of the Lead Refueling Engineer, authorize the move
ment of each fuel assembly within his respective area.

9.

Keep Lead Refueling Engineer informed of progress, identify critical
needs, make recommendations to safely and satisfactorily complete core
loading on time.
QSupplement
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Position Requirements:

Education & Experience - College Degree in Engineering, Physics or other
Science or equivalent experience.

Participate in core loading preparations

and training program at Indian Point Units No. 2 and 3.

0
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Personnel Resume (Chart II "B3.1.1")

Education:

1958 High School Certificate

- Ayr Academy, Ayr, Scotland

1963 Higher National Certificate

- Kilmarnock Technical College
Kilmarnock, Scotland

1965 B.Sc.

(Mechanical Eng.)

- University of Strathclyde
Glasgow, Scotland

1966 M.Sc.

(Thermodynamics)

- University of Birmingham
Birmingham, England

Experience:

1959 - 1963

Glenfield & Kennedy Ltd. Hydraulic Engineers Mechanical
Engineering apprenticeship in workshop fitting, turning,
drafting and research laboratory assistant.

1966 - 1968

The Nuclear Power Group Ltd., Knutsford, Cheshire, England.
Design engineer on AGR cores, boilers & pre-stressed concrete
insulation for Hinkley Point 'B' Hunterston 'B' stations.
Start-up engineer Oldbury-on-Severn Magnox station involving
chemical cleaning, initial core loading, gas flow 'gag'
setting & pre-stressed concrete insulation testing.

1968

-

1969

-

Westinghouse Electric Corporation, Pittsburgh, Pa. U.S.A.
Design engineer on advanced pressurized water reactors.
Involved in development of advanced safeguard systems,
pressurizer sizing studies, temperature programming optimization
studies & accident analysis.
Unit No. 2 (NSSS).

Start-up engineer Indian Point

Involved in the preparation of procedures

for establishing systems cleanliness, integrity & operational
effectiveness.
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Position Title:

Lead Refueling Engineer (Chart II "B3.2")

Primary Function:

Ensure fuel is handled properly in accordance with approved procedures.
Responsible for correct operation, positioning and monitoringof the in-core
loading instrumentation.

Concur in the insertion of each fuel assembly into

the reactor.

Duties & Responsibilities:

1.

Coordinate the efforts of WEDCO refueling personnel, craftsmen and
Con-Edison personnel in conduct of core loading.

2.

Determine the need for technical assistance to support the program
and assist in supervising correction of problems.

3.

Assist in maintaining a daily log of actual core loading activities.

4.

Observe and insure the proper operation of the fuel handling equipment
sequencing, inspections and orientation of fuel assemblies from storage
to installation of fuel into the reactor vessel.

5.

Responsible for supervision and coordination of all fuel handling
operations, necessary data acquisition and analysis relating to
reactivity control.

6.

Authorize the movement of each fuel assembly.

7.

Observe and insure the proper sequencing of fuel handling and final
material inspection of fuel assemblies prior to installation.

8.

Designates the location and position of all fuel assemblies in the
core.

9.

Keep Manager of Refueling informed of progress, identify critical
needs, make recommendations to safely and satisfactorily complete core
loading on time.
Supplement 8
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Position'Requirements:

Education & Experience

-

College Degree in Engineering, Physics or other

science or equivalent experience.

Participation in previous preparation and

conduct of core loading.

Supplement 8
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Personnel Resume (Chart II "B3.2".)
Lead Refueling Engineer to be assigned.
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Position Title:

Refueling Engineer (Chart II "B3.2.1")

Primary Function:

Direct preparation and conduct of core loading at Indian Point Units No. 2
and 3, by Refueling Manager and/or Lead Refueling Engineer.

Duties & Responsibilities:

1.

Plan and assist in scheduling of core loading task to meet critical
date established by overall schedule.

2.

Assist in the training of refueling personnel via lectures, study
programs and use of tools, cranes, etc.

3.

Coordinate the efforts of WEDCO refueling personnel, craftsmen and
Con Edison personnel in conduct of core loading.

4.

Determine the need for technical assistance to support the programs
and inform the Lead Refueling Engineer of this need.

5.

Assist in maintaining a daily log of preparatory and actual core
loading activities.

6.

Observe and insure the proper fuel handling operations, sequencing,
inspections and orientation of fuel assemblies form storage to installa
tion of fuel into the reactor Vessel.

7.

Responsible for observing 'fuel handling operations and obtaining
necessary data and control of reactivity.

8.

Under the direction of the Lead Refueling Engineer, authorize the
movement of each fuel assembly within his respective area.

9.

Keep Lead Refueling Engineer informed of progress, identify critical
needs, make recommendations to safely and satisfactorily complete core
loading on time.
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Position Requirements:

Education & Experience - College Degree
Science or equivalent experience.

in Engineering, Physics or other

Participate in core loading preparations

and training program at Indian Point Units No. 2 and 3.
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Personnel Resume (Chart II "B3.2.1")

Refueling Engineer to be assigned.
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Supplement No. 11 to the Indian Point Unit No. 2 Final Safety Analysis
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the facility in accordance with the rules of practice, 10 CFR 50.36.
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TECHNICAL SPECIFICATIONS

DEFINITIONS

The following used terms are defined for uniform interpretation of the
specifications.

1.1

a.

Rated Power

.A steady state reactor thermal power of 2758 MWT.

b.

Thermal Power

The total core heat transfer rate from the fuel to the coolant.

1.2

Reactor Operating Conditions

1.2.1

Cold Shutdown Condition

When the reactor is subcritical by at least 1% A k/k and T
avg
is < 140 0 F.

1.2.2

Hot Shutdown Condition

When the reactor is subcritical, by an amount greater than or
equal to the margin as specified in Technical Specification 3.10
and T

1.2.3

avg

is > 547 0 F.

Reactor Critical

When the neutron chain reaction is self-sustaining and kef f = 1.0.

1.2.4

Power Operation Condition

When the reactor is critical and the neutron flux power range
.Ins trimcnt Lti oi. .n

(ltic

H grea ,cr thiri

I-I

2% of rited

power.

1.2.5

Refueling Operation Condition

Any operation involving movement of core components when the vessel
head is completely unbolted.

1.3

Operable

A system or component is operable when it is capable of performing
its intended function within the required range.

1.4

Protective Instrumentation Logic

1.4.1

Analog Channel

An arrangement of components and modules as required to generate
a single protective action signal when required by a plant condition.
An analog channel loses its identity where single action signals
are combined.

1.4.2

Logic Channel

A group of relay contact matrices which operate in response to the
analog channels signals to generate a protective action signal.

1.5

Degree of Redundancy

The difference between the number of operable channels and the
number of channels which when tripped will cause an automatic
system trip.

1.6

Instrumentation Surveillance

1-2

1.6.1

Channel Check

A qualitative determination of acceptable operability by ob
servation of channel behavior during operation.

This determina

tion shall include comparison of the channel with other independent
channels measuring the same variable.
1.6.2

Channel Functional Test

Injection of a simulated signal into the channel to verify that
it is operable, including alarm and/or trip initiating action.
1.6.3

Channel Calibration

Adjustment of channel output such that it responds, with accept
able range and accuracy, to known values of the parameter which
the channel measures.

Calibration shall encompass the entire

channel, including alarm or trip, and shall be deemed to include
the channel functional test.
1.7

Containment Integrity

Containment integrity is defined to exist when:

a.

The required non-automatic containment isolation valves are
closed and blind flanges are properly installed.

b.

The equipment door is properly closed and sealed by the Weld
.Channel and Penetration Pressurization System.

c.

At least one door in each personnel air lock is properly
closed.

d.

All automatic containment isolation valves are operable
or closed.

e.

The containment leakage satisfies Specification 4.4.

1.8

Abnormal Occurrence

An abnormal occurrence means the occurrence of any plant condition
that:

a.

Results in a protective instrumentation setting in excess of a
Limiting Safety System Setting as established in the Technical
Specifications, or

b.

Exceeds a Limiting Condition for Operation as established in the
Technical Specifications, or

c.

Causes any uncontrolled or unplanned release of radioactive
material from the site, or

d.

Results in engineered safety system component failures which
could render the system incapable of performing its intended
safety function, or

e.

Results in abnormal degradation of one of the several
boundaries which are designed to contain the radioactive
materials resulting from the fission process, or

f.

Results in uncontrolled or unanticipated changes in reactivity
greater than 1% Ak/k.

1.9

Quadrant Power Tilt

The quadrant power tilt is defined as the ratio of maximum to
average of the upper excore detector currents or the lower excore
detector currents whichever is greater.

If one excore detector is

out of service, the three in-service units are used in computing
the average.

2

SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS

2.1

SAFETY LIMIT, REACTOR CORE

Applicability

Applies to the limiting combinations of thermal power, Reactor Coolant
System pressure and coolant temperature during four-loop and three-loop
operation.

Objective
To maintain the integrity of the fuel cladding.

Specification

The combination of thermal power level, coolant pressure, and coolant temperature
shall not exceed the limits shown in Figures 2.1-1 and 2.1-2 for four and
three-loop operation respectively.

The safety limit is exceeded if the point

defined by-the combination of Reactor Coolant System average temperature
and power level is at any time above the appropriate pressure line.

Basis

To maintain the integrity of the fuel cladding and prevent fission product
release, it is necessary to prevent overheating of the cladding under
all operating conditions.

This is accomplished by operating the hot region

of the core within the nucleate boiling regime of heat transfer, wherein
the heat transfer coefficient is very large And the clad surface temperature
is only a few degrees Fahrenheit above the coolant saturation temperature.
The upper boundary of the nucleate boiling regime is termed departure
from nucleate boiling (DNB) and at this point there is a sharp reduction
of the heat transfer coefficient,

which would result in high clad temperatures

and the possibility of clad failure.

DNB is not, however, an observable

parameter during reactor operation.

Therefore, the observable parameters:

2.1-1

thermal power, reactor coolant temperature and pressure have been related
to DNB through the W-3 DNB correlation.

The W-3 DNB correlation has

been developed to predict the DNB flux and the location of DNB for axially
uniform and non-uniform heat flux distributions.. The local DNB heat
flux ratio, DNBR, defined as the ratio. of the heat flux that would cause
DNB at a particular core location to the local heat flux, is indicative
of the margin to DNB.

The minimum value of the DNBR during steady state

operation, normal operational transients, and anticipated transients
is limited to 1.30.

This corresponds to a 95% probability at a 95% confidence

level that DNB will not occur and is chosen as an. appropriate margin
to DNB for all operating conditions..)

The curves of Figure 2.1-1 and 2.1-2 represent the. loci of points of.
thermal power, coolant system pressure and average temperature for which
the DNBR is no less than 1.30.

The area where clad integrity is assured

is below these lines.
The curves are based on the following nuclear hot channel factors:

N

F

F

q

N
AR

(12 )

= 3.12

=1.75

These: limiting hot channel factors are higher than those calculated at
full power for the range from all control rods fully withdrawn to. maximum
allowable control rod insertion. (3 )
are covered by Specification 3.10.

The control rod insertion limits
Higher hot channel factors- could

occur at lower power levels because additional control rods are in the
core..

However, the control rod insertion limits dictated by Figure 3.10-1

insure that the DNBR is always greater at partial.power than at full
power.For three loop operationr the insertion limits- of Figure 3.10-2 apply.

S
2.1-2.

The hot channel factors are also sufficiently large to account for the
degree of malpositioning of part-length rods that is allowed before the
reactor trip set points are reduced and rod withdrawal block and load
runback may be required. (2 )

Rod withdrawal block and load runback occurs

if reactor trip setpoints are approached within a fixed limit.

The Reactor Control and Protection System is designed to prevent any anticipated
combination of transient conditions that would result in a DNBR of less
than 1.30.(4)

References

(1)FSAR Section 3.2.2

(2)FSAR Section 3.2.1

(3)
FSAR Technical Specification 3.10

(4)FSAR Section 14.1.1
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2.2

SAFETY LIMIT:

REACTOR COOLANT SYSTEM PRESSURE

Applicability

Applies to the maximum limit on Reactor Coolant System pressure.

Objective

To maintain the integrity of the Reactor Coolant System and to prevent
the release of excessive amounts of fission product activity to the coolant.

Specification

The Reactor Coolant System pressure shall not exceed 2735 psig with fuel
assemblies installed in the reactor vessel.

Basis

(1 ) serves as a barrier preventing radionuclides
The Reactor Coolant System
contained in the reactor coolant from reaching the atmosphere. In the

event of a fuel cladding failure the Reactor Coolant System is the primary
barrier against the release of fission products. By establishing a system
pressure limit, the continued integrity of the Reactor Coolant System is
assured. The maximum transient pressure allowable in the Reactor Coolant
System pressure vessel under the ASME Code, Section III is 110% of design
pressure. The maximum transient pressure allowable in the Reactor Coolant
System piping, valves and fittings under USAS Section B31.1 is 120% of
design pressure. Thus, the safety limit of 2735 psig (110% of design
pressure) has been established.

2.2-1

'he setting of the power operated relief valves (2335 psig)
reactor high pressure trip (2385 psig)

(2)

(2 )

and the

have been established to assure

that the Reactor Coolant System pressure limit is never reached and that
the system pressure does not exceed the design limits of the fuel cladding.

In addition, the Reactor Coolant System safety valves (3 ) are sized to
prevent system pressure from exceeding the design pressure by more than
10 percent (2735 psig) in accordance with Section III of the ASME Boiler
and Pressure Vessel Code, assuming complete loss of load without a direct
reactor trip or any other control, except that the safety valves on the
secondary plant are assumed to open when the steam pressure reaches the
secondary plant safety valves settings.

As an assurance of system integrity, all components in the system are
hydrotested at 3110 psig prior to initial operation.

References

(1)

FSAR Section 4

(2)

FSAR Table 4.1-1

(3)

FSAR Section 4.3.4

(4)

FSAR Section 4.3.3

2.2-2

LIMITING SAFETY SYSTEM SETTINGS, PROTECTIVE INSTRUMENTATION

Applicability

Applies to trip settings for instruments monitoring reactor power and
reactor coolant pressure, temperature, flow, and pressurizer level.

Objective

To provide for automatic protective action such that the principal process
variables do not exceed a safety limit.

Specification

1.

Protective instrumentation for reactor trip settings shall be as
follows:

A.

Startup protection

(1)

High flux, power range (low set point) - <25% of rated
power.

B.

Core limit protection

(1)

High flux,

power

range (high set point) - <109% of rated

power.

(2)

High pressurizer pressure - <2385 psig.

2.3-i

(3) Low pressurizer pressure - >1700 psig.
(4)

Over temperature AT
[K1 - K 2 (T - T') + K 3 (P - P')

< AT0

-

f(AI)]

.where
AT = Indicated AT at rated power
0
T
= Average temperature, OF
T'

= 570OF

P

= Pressurizer pressure, psig

p1

= 2235 psig

K1

<

1.17

K2

>

0.012

K3

<

0.00056

K1 < 1.13
K

Four Loop
Operation

> 0.0117

Three Loop
Operation

K 3 < 0.00048

Oprto

and f(AI) as defined in (5) below.

(5)

Overpower AT
dT
SATo

[K4

5

,
- K6

(T

r

-

f (AI)]

where

AT
0
T

= Indicated AT at rated power

T'

= Indicated Tavg at nominal condition at rated power, OF

K4

K5

= Average temperature, OF

< 1.20
=.Zero for decreasing average temperature
0.188, for increasing average temperature

K5

>

K6

* 0.0019 for T>T'; K6 = 0 for T<T'

and f(AI) is a function of the indicated difference between
top and bottom detectors of the power-range nuclear ion
chambers; with gains to be selected based on measured
instrument response during plant startup tests such that:

2.3-2

(1)

for (q - q) within Al
f(AI) = 0 (where q and q are
percent power in the top and bottom halves of the core
respectively, and qt + qb is total core power in
percent of rated power)

(2)

for each percent that the magnitude of (qt - qb ) exceeds
Alo, the Delta-T trip set point shall be automatically
reduced by 2% of its value at rated power.

Alo is a linear function of the gain K 4 .

The proper limit on

AI 0shall be obtained from the following table which gives the
allowable value of Alo corresponding to the actual value of K 4 .
AI

0

Limit

K4
<

30.0%

(6)

i02

28.5%

1.05

27.0%

1.08

25.5%

1.11

24.0%

1.14

22.5%

1.17

21.0%

1.20

Low reactor coolant loop flow:

(a) > 90% of normal indicated loop flow
(b)

(7)

C.

Low reactor coolant pump frequency

Undervoltage

-

-

> 57.5 cps

> 70% of normal voltage

Other reactor trips

(1) High pressurizer water level

< 92%. of span
<

(2) Low-low steam generator water level - > 5% of narrow range
instrument span.
2.3-3

2.

Protective instrumentation settings for reactor trip interlocks shall
satisfy the following conditions:

A.

The reactor trips on low pressurizer pressure, high pressurizer
level, and low reactor coolant flow for two or more loops shall
be unblocked when:

B.

1)

Power range nuclear flux > 10% of rated power, or

2)

Turbine first stage pressure > 10% of equivalent full load.

The single loop loss of flow reactor trip may be bypassed when
the power range nuclear instrumentation indicates < 60 % of
rated power.

The single loop loss of flow reactor trip may be by

passed below 75% of rated power only when the overtemperature AT
trip setpoint has been adjusted to the three-loop operation value
given in 2.3.1.B-4 above.

The resetting of the overtemperature

AT trip shall be performed by the Technical Service Bureau under
the direct supervision of the Operations Staff of Consolidated
Edison Company.

Basis
The high flux reactor trips provide redundant protection in the power
range for a power excursion beginning from low power.
in the safety

This trip was used

analysis.~1

The power range nuclear flux reactor trip high set point protects the
reactor core against reactivity excursions which are too rapid to be protected
by temperature and pressure protective circuitry. The prescribed set point,
with allowance for errors, is consistent with the trip point assumed in
the accident analysis. (2) (3)

The high and low pressure reactor trips limit the pressure range in which
reactor operation is permitted.

The high pressurizer pressure reactor

2.3-4

trip is backed up by the pressurizer code safety valves for overpressure
protection, and is therefore set lower than the set pressure for these
valves (2485 psig).

The low pressurizer pressure reactor trip also trips

the reactor in the unlikely event of a loss of coolant accident.

'(4)

The overtemperature Delta-T reactor trip provides core protection against
DNB for all combinations of pressure, power, coolant temperature, and
axial power distribution, provided only that (1) the transient is slow
with respect to piping transit delays from the core to the temperature
detectors (about 4 seconds) (5 ) , and (2) pressure is within the range between
the high and low pressure reactor trips.

With normal axial power distribution,

(2 )
, is always below
the reactor trip limit, with allowance for errors

the core safety limit as shown on Figure 2.1-1.

If axial peaks are greater

than design, as indicated by difference between top and bottom power range
nuclear detectors, the reactor trip limit is automatically reduced.

In order to operate with a reactor coolant loop out of service (three-loop
operation), only the overtemperature AT trip set-point calculation would
have to be modified.

Sustained operation with a reactor coolant loop out

of service is a rare event.
variables K1 , K2 and

3

When this mode of operation is chosen, the

must be adjusted and the overtemperature AT trip

channels must be recalibrated.

These adjustments and calibrations must be

made in the protection system racks and are performed as is done for four
loop operation before initial startup and during normal calibration
procedures.

The set-point adjustments are made based on limits for reduced

power three-loop operation and provide sufficient margin for three-loop
operation.

The overpower Delta-T reactor trip prevents power density anywhere in
the core from exceeding 112% of design power density, as described in
Section 7.2.3 and 14.1.2 and includes corrections for axial power
distribution, change in density and heat capacity of water with temperature,
and dynamic compensation for piping delays from the core to the loop temperature
detectors. The specified set points meet this requirement and include
allowance for instrument errors. (2)

2.3-5

The low flow reactor trip protects the core against DNB in the event of
a loss of one or two reactor coolant pumps. The undervoltage reactor
trip protects the core against DNB in the event of a loss of two or more
reactor coolant pumps. The set points specified are consistent with the
values used in the accident analysis. ( 8 ) The low frequency reactor coolant
pump trip also protects against a decrease in flow.

The specified set
point assures a reactor trip signal by opening the reactor coolant pump
breaker before the low flow trip point is reached.

The high pressurizer water level reactor trip protects the pressurizer
safety valves against water relief.

Approximately 1600 ft

above the lower instrument tap) corresponds to 92% of span.

of water (39.75 ft
The specified

set point allows margin for instrument error and transient level overshoot
beyond their trip setting so that the trip function prevents the water level
from reaching the safety valves.

The low-low steam generator water level reactor trip protects against
postulated loss of feedwater accidents. The specified set point assures
that there will be sufficient water inventory in the steam generators
at the time of trip to allow for starting delays for the Auxiliary Feedwater
System.(9)

Specified reactor trips are blocked at low power where they are not required
for protection and would otherwise interfere with normal plant operations.
The prescribed set point at which these trips are unblocked assures their
availability in the power range where needed.

Above 10% power, an automatic reactor trip will occur if two reactor coolant
pumps are lost during operation.
will occur if any pump is lost.

Above 60% power, an automatic reactor trip
This latter trip will prevent the minimum value

of the DNB ratio, DNBR, from going below 1.30 during normal operational
transients and anticipated transients when only three loops are in operation
and, the overtemperature AT trip setpoint is adjusted to the value specified
for four loop operation. When the overtemperature AT trip setpoint is adjusted
to the value specified for three loop operation, the trip at 75 percent power
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will prevent the minimum value of the DNBR from going below 1.30 during
normal operational transients and anticipated transients when only three
loops are in operation.

References

(1)

FSAR 14.1.1

(2)

FSAR 14.1.2

(3)

FSAR Table 7.4.2

(4)

FSAR 14.3.1

(5)

FSAR 14.1.2

(6)

FSAR 7.2

(7)

FSAR 3.2.1

(8)

FSAR 14.1.6

(9)

FSAR 14.1.9
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3,

LIMITING CONDITIONS FOR OPERATION

3.1

REACTOR COOLANT SYSTEM

*Applicability
Applies to the operating status of the Reactor Coolant System.
Obj ective

To specify those limiting conditions for operation of the Reactor
Coolant System which must be met to ensure safe reactor operation.

.Specification
A.

OPERATIONAL COMPONENTS

1.

Coolant Pumps
a.

At least one reactor coolant pump or one residual heat
removal pump in the Residual Heat Removal System when
connected to the Reactor Coolant System shall be in operation
when a reduction is made in the boron concentration of
the reactor coolant.

b.

When the reactor is critical and above 2% rated power,
except for natural circulation tests, at least two reactor
coolant pumps shall be in operation.

C.

Reactor power shall not be increased above 10% of rated
power unless at least three reactor coolant pumps are in
operation.

d.

Reactor power shall not be increased above 60% of rated power
with only three pumps in operation unless the oVertemperature
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AT trip setpoint for three loop operation has been set in
accordance with specification 2.3.l.B-4.

2.

Steam Generator

Two steam generators shall be capable of performing their heat
transfer function whenever the reactor is critical and the
average coolant temperature is above 350.'F.

3.

Safety Valves

a.

At least one pressurizer code safety valve shall be operable
whenever the reactor head is on the vessel.

b.

All pressurizer code safety valves shall be operable whenever
the reactor is critical.

Basis

When the boron concentration of. the Reactor Coolant System is to be reduced
the process must be uniform to prevent sudden reactivity changes in the
reactor.

Mixing of the reactor coolant will be sufficient to maintain

a uniform boron concentration if at least one reactor coolant pump or
one residual heat removal pump is running while the change is taking place.
The residual heat removal pump will circulate the primary system volume
in approximately one half hour.

The pressurizer is of no concern because

of the low pressurizer volume and because the pressurizer boron concentration
will be higher than that of the rest of the reactor coolant.

Heat transfer analyses show that reactor heat equivalent to 10% of rated
power can be removed with natural circulation only(l);

hence, the specified

upper limit of 2% rated power without operating pumps provides a substantial
safety factor.
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0

Each of the pressurizer code safety valves is designed to relieve 408,000
lbs. per hr. of saturated steam at the valve set point.

Below approximately

350*F and 450 psig in the Reactor Coolant System, the Residual Heat Removal
System can remove decay heat and thereby control system temperature and
pressure. (2)

If no residual heat were removed by the Residual Heat Removal System the amount
of steam which could be generated at safety valve relief pressure would
be less than half the capacity of a single valve.

One valve therefore provides

adequate protection for over-pressurization.

The combined capacity of the three pressurizer safety valves is greater than
the maximum surge rate resulting from complete loss of load (3 ) without a
direct reactor trip or any other control.

Two steam generators capable of performing their heat transfer function will
provide sufficient heat removal capability to remove core decay heat after a
reactor shutdown.

Reference

1)

FSAR.Section 14.1.6

2)

FSAR Section 9.3.1

3)

FSAR Section 14.1.10
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B.

HEATUP AND COOLDOWN

1.

The reactor coolant pressure and the system heatup and cooldown
rates (with the exception of the pressurizer) shall be limited
in accordance with Figure 3.1-1 and Figure 3.1-2, and are as
follows:

Heatup:

a.

For temperatures at or below DTT + 10'F the rate shall
not exceed 40 'F/hr.

b.

For temperatures above DTT + 10'F the rate shall not exceed
100'F/hr.

Cooldown:

a.

Allowable combinations of pressure and temperature for
a specific cooldown rate are below and to the right of
the limit lines for that rate as shown on Figure 3.1-2.
This rate shall not exceed 50°F/hr for temperatures at
or below DTT + 10°F.

The limit lines for cooling rates

between those shown in Figure 3.1-2 may be obtained by
interpolation.

b.

For temperatures above DTT + 1O°F the rate shall not exceed
100°F/hr.

2.

The secondary side of the steam generator must not be pressurized
above 200 psig if the temperature of the vessel is below 70°F.

3.

Pressurizer

The heatup and cooldown rates shall not exceed 2000 F/hr.

The

spray should not be used if the temperature difference between the
pressurizer and the spray fluid is greater than 320*F.
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4.

Figures 3.1-1 and 3.1-2 shall be updated periodically in accordance
with the following criteria and procedures, before the calculated
exposure of the vessel exceeds the exposure for which the figures
apply.

a.

The "max. for 500*F" curve in Figure 4.2-9 of the FSAR
shall be used to predict the increase in transition temperature
based on integrated power unless measurements on the irradiation
specimens show increases above and to the left of the
predicted curve, in which case a new curve having the
same slope as the original shall be

constructed such

that it is above and to the left of all the applicable
data points.

b.

At or before the end of the integrated power period for
which Figures 3.1-1 and 3.1-2 (either as shown, or updated
if appropriate) apply, the limit lines on the figures
shall be updated for a new integrated power period as
follows. The total integrated reactor thermal power from
startup to the end of the new period shall1 be converted
to an equivalent integrated neutron exposure.

For this

plant, 1.61 x 10 6thermal'megawatt days of operation is
equivalent to 1.2 x 10 18neutrons/cm 2> 1 Mev. The predicted
transition temperature increase for the end of the new
period shall then be obtained from Figure 4.2-9 of the
FSAR using the curve specified by 4a above.

c.

The limit lines in Figures 3.1-1 and 3.1-2 shall be moved
parallel to the temperature axis (horizontally) in the
direction of increasing temperature a distance equivalent
to the transition temperature increase from 4b less the
increment used for the end of the present period (for
the end of the first 1.61 x 10 6thermal megawatt days
of operation, the transition temperature increase is 46'F.)
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This will result in the constant temperature (vertical)
portion of the limit lines being at the projected DTT
+ 10'F.

The sloping portions of the limit lines shall

extend at constant slope to a temperature 190°F below
DTT.

At still lower temperatures, the limit lines shall

be parallel to the temperature axis (horizontal) and shall
intersect the sloping portions of the limit lines at DTT
190 0 F.
Basis
All components in the Reactor Coolant System are designed to-withstand
the effects of the cyclic loads due to reactor system temperature and

(1)

pressure changes.

These cyclic loads are introduced by normal unit

load transients, reactor trips, and startup and shutdown operation. The
number of thermal and loading cycles used for design purposes are shown
in Table 4.1-8 of the FSAR. During unit startup and shutdown, the rates
of temperature and pressure changes are limited.

The maximum plant heatup

and cooldown rate of 100*F per hour is consistent with the design number
(2)
of cycles and satisfies stress limits for cyclic operation.
The reactor vessel plate opposite the core has been purchased to a specified
Charpy V-notch test result of 30 ft-lb or greater at a nil-ductility transition
temperature (NDTT) of 400 F or less.

The material has been tested to verify

conformity to specified requirements and the actual NDTT value of 200 F
has been determined.

In addition, this plate has been 100 percent volumetrically

inspected by ultrasonic test using both longitudinal and shear wave methods.
The remaining material in the reactor vessel, and other Reactor Coolant
System components, meets the appropriate design code requirements and
specific component function.

(3 )

As a result of fast neutron irradiation in the region of the core, there
will be an increase in the NDTT, with nuclear operation. The techniques
used to measure and predict the integrated fast neutron (E > 1 Mev) fluxes
at the sample location are described in Appendix 4A of the FSAR.

The

calculation method used to obtain the maximum neutron (E > 1 Mev) exposure
of the reactor vessel is identical to that described for the irradiation
samples.
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Since the neutron spectra at the samples and vessel inside radius are
identical, the measured transition shift for a sample can be applied
with confidence to the adjacent section of reactor vessel for some later
stage in plant life.

The maximum exposure of the vessel will be

obtained from the measured sample exposure by appropriate application
of the calculated azimuthal neutron flux variation.
The maximum integrated fast neutron (E > I Mev) exposure of the vessel
is computed to be 2.4 x 10
load factor. (3 )

n/cm 2 for 40 years operation at 80 percent

The predicted NDTT shift for an integrated fast neutron

(E > 1 Mev) exposure of 2.4 x 10

n/cm 2 is 238°F, the value obtained

from the curve shown in Figure 4.2-9 of the FSAR for 550'F irradiation.
The actual shift in NDTT will be established periodically during plant
operation by testing vessel material samples which are irradiated cumulatively
by securing them near the inside wall of the vessel in the core area.
To compensate for any increase in the NDTT caused by irradiation, the
limits on the pressure-temperature relationship are periodically changed
to stay within the stress limits during heatup and cooldown.
During the first two years of reactor operation, a conservatively high
estimate of the energy output is 1.61 x 106 thermal megawatt days, which
is equivalent to 584 days at 2758 MWt.

The projected fast neutron exposure

of the vessel for this interval of operation is 1.2 x 10

n/cm 2 and

the corresponding NDTT shift is 460 F, based on the curve shown in Figure
4.2-9 of the FSAR for 550*F irradiation.
upper limit to the NDTT is 66°F.

Thus, for this interval, the

The corresponding Design Transition

Temperature, defined as NDTT + 60'F,( 4 ) is 126*F.

The stress allowed in the vessel in relation to operation below NDTT and
.DTT (NDTT + 60) to preclude the possibility of brittle failure are:

1.

At DTT; a maximum stress of 20% yield

2.

From DTT to DTT minus 200°F; a maximum stress decreasing from
20% to 10% yield

3.

Below DTT minus 200'F; a maximum stress of 10% yield
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These limits are based on the data reported by Kibara and Masubichi (Effect
of Residual Stress on Brittle Fracture, April 1959, Welding Journal Volume
38) and Robertson (Propagation from Brittle Fracture in Steel, Journal
of the Iron and Steel Institute, 1953), which show that if the stresses
are maintained within the above limits, brittle fracture does not occur. (5 )

The limit lines in Figures 3.1-1 and 3.1-2 are based on these stress limits
and contain allowances for the 10'F margin between actual and measured
temperature and 50 psi margin between actual and measured pressure.

During cooldown, the thermal stress varies from tensile at the inner wall
to compressive at the outer wall.

The internal pressure superimposes

a tensile stress on this thermal stress pattern, increasing the stress
at the inside wall and relieving the stress at the outside wall.

Therefore

the limiting stress always appears at the inside wall, so the limit line
has a direct dependence on cooldown rate.

This leads to a family of curves

for cooldown, as shown on Figure 3.1-2.

For heatup, the thermal stress is reversed and the location of the limiting
stress is a function of the heatup rate.

The limit lines no longer bear

the simple relationship to heatup as they do to cooldown rate.

The single

line shown on Figure 3.1-1 bounds all limit lines for heatup rates up
to 40OF per hour for temperatures at or below 136°F, and 100'F per hour
above 136 0 F(DTT + 100 F).

The NDTT shift and the magnitudes of the thermal and pressure stresses
are sensitive to integrated reactor power and not to instantaneous
level.

power

Figures 3.1-1 and 3.1-2 are applicable to thermal ratings up to

2758 MWt.

Further operation of the reactor beyond 1.61 x 106 MWt days will result
in further shift of the NDTT.

The basis for revision of the curves will

be as noted in Specification 3.1.B-4.
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The basis for revising these figures, as given in Specification 4, is
in accordance with the stress limits defined above and inclusion of a
margin for a 10'F error in measured temperature, and a 60 psi error in
measured pressure.

Figures 3.1-1 and 3.1-2 define stress limitations only.

For normal operation

other inherent plant characteristics, e.g., pump parameter or pressurizer
heater capacity, may limit the heatup and cooldown rates that can be achieved
over certain pressure ranges.

The heatup and cooldown rate of 100°F per hour for the steam generator
is consistent with the remainder of the Reactor Coolant System, as discussed
in the first paragraph of the Basis.
limits for the anticipated usage.

The stresses are within acceptable

The spray should not be used if the

temperature difference between the pressurizer and spray fluid is greater
than 320*F.

This limit is imposed to maintain the thermal stresses at the

pressurizer spray life nozzle below the design limit.

Temperature requirements

for steam generator correspond with the measured NDT for the shell.

References:

(1)

FSAR, Section 4.1.5

(2)

ASME Boiler and Pressure Vessel Code, Section III, N-415

(3)

FSAR, Section 4.2.5

(4)

ASME Boiler and Pressure Vessel Code, Section III, N-331

(5)

FSAR, Section 4.3.1
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C.

MINIMUM CONDITIONS FOR CRITICALITY

1.

Except during low power physics tests, the reactor shall not
be made critical at any temperature above which the moderator
temperature coefficient is positive.

2.

In no case shall the reactor be made critical below DTT +10-F,
where the Value of DTT+10*F is as determined in part B of this
specification.

3.

When the reactor coolant temperature is below the minimum temperature
specified in 1. above, the reactor shall be subcritical by
an amount equal to or greater than the potential reactivity
insertion due to depressurization.

4.

The reactor shall be maintained subcritical by at least 1% until
normal water level is established in the pressurizer.

Basis:

During the early part of the initial fuel cycle, the moderator temperature
coefficient is calculated to be slightly positive at coolant temperatures
below the power operating range. (1 )

2

)

The moderator coefficient at low

temperatures will be most positive at the beginning of life of the fuel
cycle, when the boron concentration in the coolant is the greatest.
Later in the life of the fuel cycle, the boron concentrations in the
coolant will be lower and the moderator coefficients will be either less
positive or will be negative.

At all times, the moderator coefficient
(i)(2)
is negative in the power operating range.
Suitable physics measure

ments of moderator coefficients of reactivity will be made as part of the
startup program to verify analytic predictions.
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The requirement that the reactor is not to be made critical when the moderator
coefficient is positive has been imposed to prevent any unexpected power
excursion during normal operations as a result of either an increase of
moderator temperature or decrease of coolant pressure.

This requirement

is waived during low power physics tests to permit measurement of reactor
moderator coefficient and other physics design parameters of interest.
During physics tests, special operating precautions will be taken.

The requirement that the reactor is not to be made critical below DTT
+ 10*F provides increased assurance that the proper relationship between
reactor coolant pressure and temperature will be maintained during system
heatup and pressurization whenever the reactor vessel is in the nil-ductility
temperature range.

Heatup to this temperature will be accomplished by

operating the reactor coolant pumps.

If the shutdown margin specified in 3.1.C-3 is maintained, there is no
possibility of an accidental criticality as a result of a decrease of
coolant pressure.

The requirement for bubble formation in the pressurizer when the reactor
has passed the threshold of 1% subcriticality will assure that the Reactor
Coolant System will not be solid when criticality is achieved.

References:
1.

FSAR Table 3.2.1-1

2.

FSAR Figure 3.2.1-9
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D.

MAXIMUM REACTOR COOLANT ACTIVITY

Specification

1.

The total specific activity of the reactor coolant excluding tritium
due to nuclides with half-lives of more than 30 minutes, shall not
exceed 60/E pCi/cc, whenever the reactor is critical or the average
reactor coolant temperature is greater than 500*F.

(E is the average

sum of the beta and gamma energies per disintegration in Mev.)

Basis

The specified limit provides protection to the public against the potential
release of reactor coolant activity to the atmosphere, as demonstrated by
the following analysis o4 a steam generator tube rupture accident.

Rupture of a steam generator tube would allow a portion of the reactor coolant
activity to enter the secondary system.

The major portion of this activity

is noble gases which are diverted to the containment within a few seconds
after the air ejector monitors high activity signal.

The activity release

to atmosphere is not significant.

in the event the air ejector discharge is not diverted to the containment
a portion of the reactor coolant noble gas activity would be released to
the atmosphere through the secondary system.

Activity could continue to

be released until the operator would reduce the primary system pressure
below the lowest setpoint of the secondary relief valves and could isolate
the faulty steam generator.

The worst credible set of circumstances is

considered to be a double-ended break of a single tube, with the air
ejector discharging to the atmosphere, followed by isolation of the
faulty steam generator by the operator within 30 minutes after the event.
During that time approximately one-eighth of the total reactor coolant
could be released to the Steam and Feedwater System.(1)
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The limiting off-site dose is the whole-body dose resulting from immersion
in the cloud containing the released activity. Radiation would include
The gamma dose is dependent on the finite
will employ
size and configuration of the cloud. However, the analysis
the simple model of a semi-infinite cloud, which gives an upper limit
both gamma and beta radiation.

The semi-infinite cloud model is applicable
air.
to the beta dose, because of the short range of beta radiation in
radiation is neglected
The effectiveness of clothing as shielding against beta
to the potential
and therefore the analysis model also gives an upper limit
to the potential gamma dose.

beta dose.
cloud is given by:
The combined gamma and beta dose from a semi-infinite
-11

10

Dose (rem)

Where:

=

1/2 {E

.

A . V

.

I
X/Q (3.7 x 10 )

.

(1.33 x 10-)}

(Mev/dis)
E = average energy of betas and gammas per disintegration
3
A = primary coolant activity (Ci/m )
secondary side (44.5 m
V = primary coolant volume released to the
- 4 sec/m 3 , the 0-2 hr. dispersion coefficient at the
X/Q = 7.5 x 10
site boundary

(2 )

dis/sec - Ci

3.7 x

-11

1.33 x 10

3

rem/Mev/m

boundary when A is equal to
The resulting dose is 0.5 rem at the site
60 which is the expression used in this specification.
to the containment, the only activity
If the air ejector discharge is diverted
the turbine
contained in the steam flow to
released to atmosphere is that
release to atmosphere
For this case the activity
given above. It
would be 1.1% of the values
period
minute
30
the
during
gland seal (5000

l

).
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is concluded that a tube rupture accident would not result in significant
radiation exposure.

The basis for the 500°F temperature contained in the specification is
that saturation pressure corresponding to 500*F, 680.8 psia, is well below
the pressure at which the atmospheric relief valves on the secondary
side would be actuated.

Calculations required to determine E will consist of the following:

1.

Quantitative measurement in units of pCi/cc of radionuclides with
half lives longer than 30 minutes making up at least 90% of the total
activity in the primary coolant.

2.

A determination of the beta and gamma decay energy per disintegration
of each nuclide determined in (1) above by applying known decay
energies and schemes.

3.

(Table of Isotopes, Sixth Edition, March 1968).

A calculation of E by appropriate weighting of each nuclides beta and
gamma energy with its concentration as determined in (1) above.

References

(1)

FSAR Table 9.2-5

(2)

FSAR Section 11.1.3

(3)

FSAR Table 14.2.4

(4)

FSAR Table 2.7.3
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E.

MAXIMUM REACTOR COOLANT OXYGEN AND CHLORIDE CONCENTRATION

Specification

1.

The reactor shall not be made critical unless the following conditions
are met:
a.

The concentration of oxygen in the reactor coolant shall not exceed
0.10 ppm when the reactor coolant temperature exc eeds 250 0F.

b.

The concentration of chloride in the reactor coolant shall not exceed
0.15 ppm when the reactor coolant temperature exceeds 250*F.

2.

If during the power operation the oxygen concentration and the chloride
concentration of the reactor coolant simultaneously exceed the limits
given in 1) and 2) respectively, corrective action is to be taken immediately
to return the system to within normal operation specifications.

If

the normal operational limits are not achieved within 24 hours, the
reactor is to be brought to a cold shutdown condition.
Basis
By maintaining the oxygen and chloride concentration in the reactor coolant
within the limits as specified by El), and 2) the integrity of the
Reactor Coolant System is assured under all operating conditions.()
If these limits are exceeded, measures can be taken to correct the condition,
e.g., replacement of ion exchange resin or adjustment'of the hydrogen
S-

concentration in the volume control tank (2) ,and
further because of the
time dependent nature of any adverse effects arising from oxygen and chloride
concentration in excess of the limits, it is unnecessary to shutdown immediately
since the condition can be corrected.

Thus the period of 24 hours for

corrective action to restore concentrations within the limits has been
established. If the corrective action has not been effective at the end
of 24 hour period, then the reactor will be brought to the cold shutdown
condition and the corrective action will continue.
References
(1)

FSAR Section 4.2

(2)

FSAR Section 9.2
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F.

LEAKAGE

Specification

1.

If the primary system leakage exceeds 5 gpm and the source of
leakage is not identified within 12 hours, the reactor shall be
placed in the hot shutdown condition utilizing normal operating
procedures.

If the source of leakage exceeds 5 gpm and is not

identified within 24 hours., the reactor shall be placed in the
cold shutdown condition-utilizing normal operating procedures.

2.

If the sources of leakage have been identified and'it is evaluated
that continued operation is safe, operation of the reactor with a
total primary system leakage rate not exceeding 25 gpm shall be per
mitted.. If leakage exceeds 25 gpm, the reactor shall be placed in the
hot shutdown condition within 12 hours utilizing normal operating
procedures.

If the leakage exceeds 25 gpm for 24 hours, the

reactor shall be placed in the cold shutdown condition utilizing
normal operating procedures..

Basis

Leakage from the Reactor Coolant System is collected in the containment
or by the other closed systems.

These closed systems are:

the Steam

and Feedwater System, the Waste Disposal System and the Component Cooling
System.

Assuming the existence of the maximum allowable activity in the

reactor coolant, the rate of 5 gpm unidentified leakage is a conservative
limit on what is allowable before the guidelines of 10CFR20 would be exceeded.
This is shown as follows:

If the reactor coolant activity is

60/E uCi/cc (E = average beta plus gamma energy per disintegration in
Mev) and 5 gpm of leakage is assumed to be discharged through the air
ejector, or through the Component Cooling System vent line, the yearly
whole body dose resulting from this activity at the site boundary, using
3
an annual average x/Q = 1.2 x 10 6 sec/m , is 0.20 R/yr, compared with

the 10CFR20 guidelines of 0.5 R/yr.
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With the limiting reactor coolant activity and assuming initiation of
5 gpm leak from the Reactor Coolant System to the Component Cooling System,
the radiation monitor in the component cooling pump inlet header would
annunciate in the control room and initiate closure of the vent line from
the surge tank in the Component Cooling System, within less than one minute.
In the case of failure of the closure of the vent line and resulting continuous
discharge to the atmosphere via the component cooling surge tank vent, the
resultant dose at the site boundary would be 0.20 R/yr, as given above.

Leakage directly into the containment indicates the possibility of a breach
in the coolant envelope.

The limitation of 5 gpm for a source of leakage

not identified is sufficiently above the minimum detectable leakage rate
to provide a reliable indication of leakage.

The 5 gpm limit is well below

the capacity of one coolant charging pump (98 gpm).

When the source of leakage has been identified, the situation can be evaluated
to determine if operation can safely continue.

This evaluation will be

performed by the Plant Operating Staff and will be documented in writing
and approved by either the General Superintendent or his designated alternate.
Under these conditions, an allowable primary system leakage rate of 25 gpm
has been established.

This explained leakage rate of 25 gpm is also well

within the capacity of one charging pump and makeup would be available even
under the loss of off-site power condition.

If leakage is to the containment, it may be identified by one or more of
the following methods:

a.

The containment air particulate monitor is sensitive to low leak rates.
The rates of reactor coolant leakage to which the instrument is sensitive
are 0.05 gpm to greater than 10 gpm assuming corrosion product activity.
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b..

The containment radiogas monitor is less sensitive and is used as a
backup to the air particulate monitor.

The sensitivity range of the

instrument is approximately 1 gpm to greater than 10 gpm.

c.

The humidity detectors.

This method provides a backup to a. and b.

The sensitivity range of the instrumentation is from approximately
2 gpm to 10 gpm.

d.

A leakage detection system which determines leakage losses from all
water and steam systems within the containment.

This system collects

and measures moisture condensed from the containment atmosphere by
cooling coils of the main air recirculation units.

This system provides

a dependable and accurate means of measuring integrated total leakage,
including leaks from the cooling coils themselves which are part of
the containment boundary.

Condensate flows from approximately 1 gpm

to 30 gpm per detector can be measure by this system.

Leaks less than 1 gpm can be measured by periodic observation of the
Fan Cooler condensate collection system.

If leakage is to another closed system, it will be detected by the
plant radiation monitors and/or inventory control.

References
FSAR Sections 11.2.3 and 14.2.4
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CHEMICAL AND VOLUME CONTROL SYSTEM

Applicability

Applies to the operational status of the Chemical and Volume Control
System.

Objective

To define those conditions of the Chemical and Volume Control System
necessary to ensure safe reactor operation.

Specification

A.

When fuel is in the reactor there shall be at least one flow path
to the core for boric acid injection.

The minimum capability for

boric acid injection shall be equivalent to that supplied from the
refueling water storage tank.

B.

The reactor shall not be made critical unless the following Chemical
and Volume Control System conditions are met.

1.

Two charging pumps shall be operable.

2.

Two boric acid transfer pumps shall be operable.

3.

The boric acid tanks together shall contain a minimum of 4400 gallons
of 11 1/2% to 13% by weight (20,000 ppm to 22,500 ppm) boric acid
solution at a temperature of at least 145*F.

4.

System piping and valves shall be operable to the extent of
establishing one flow path from the boric acid tanks and one
flow path from the refueling water storage tank to the Reactor
Coolant System.
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5.

Two channels of heat tracing shall be operable for the flow
path from the boric acid tanks.

C.

During power operation, the requirements of 3.2.B may be modified
to allow any one of the following components to be inoperable.

If

the system is not restored to meet the requirements of 3.23B within
the time period specified,-the reactor shall be placed in the hot
shutdown condition utilizing normal operating procedures.

If the

requirements of 3.23B are not satisfied within an additional 48 hours,
the reactor shall be placed in the cold shutdown condition utilizing
normal operation procedures.
1.

One of the two operable charging pumps may be removed from service
provided a charging pump is restored to operable status within
7 days.

2.

One boric acid transfer pump may be out of service provided the
pump is restored to operable status within 7 days.

3.

One boric acid tank may be out of service provided a minimum
of 4400 gallons of 11 1/2% to 13% by weight (20,000 ppm to 22,500
ppm) boric acid solution at a temperature of at least 145*F is
contained in the operable tank and provided that the tank is
restored to operable status within 7 days.

4.

D.

One channel of heat tracing may be out of service for 7 days.

Extended Maintenance

When it is determined that maintenance to restore components or systems
to an operable condition will last longer than periods specified, the
circumstances of the extended maintenance and the estimated date for
returning the components or systems to an operable condition. shall
be reported to the Director

-

Division of Reactor Licensing and to
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the Director - Region I Compliance Office.

The report shall be

made prior to the expiration of the specified out-of-service period
to allow the AEC to review the circumstances of the extended outage
and to render a decision on extending the specified out-of-service
period thereby permitting reactor operation to continue.

Basis

The Chemical and Volume Control System provides control of the.Reactor Coolant
System boron inventory.

This is normally accomplished by using any one

of the three charging pumps in series with either one of the two boric acid
transfer pumps.

An alternate method of boration will be to use the charging

pumps taking suction directly from the refueling water storage tank.

A third method will be to depressurize and use the safety injection pumps.
There are three sources of borated water available for injection through
3 different paths.

(1)

The boric acid transfer pumps can deliver the boric acid tank contents
to the charging pumps.

(2)

The charging pumps can take suction from the refueling water storage
tank.

(2000 ppm boron solution.

Reference is made.to Technical

Specification 3.3A).

(3)

The safety injection pumps can take their suctions from either the
refueling water storage tank or the boron injection tank.

The quantity of boric acid in storage from either the boric acid tanks or
the refueling water storage tank is sufficient to borate the reactor coolant
in order to reach cold shutdown at any time during core life.

Approximately 4000 gallons of the 11 1/2% to 13% by weight (20,000 ppm 'to
22,500 ppm) of boric acid are required to meet cold shutdown conditions.
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'Thus, a minimum of 4400 gallons in the boric acid tanks is specified. An
upper concentration limit of 13% (22,500 ppm) boric acid in the tank is
specified to maintain solution solubility at the specified low temperature
limit of 145 0 F. One of two channels of heat tracing is sufficient to main
tain the specified low .temperature limit.
The plant operating procedures will require immediate action to effect repairs
of an inoperable component and, therefore, in most cases repairs will be
completed in less than the specified allowable repair times. Infrequently,
however, major maintenance might be required. Replacement of principal
system components could necessitate outages of more than the time allowed
for a system or .component to be out of service. This extended maintenance
specification is intended to allow a ruling bythe AEC on equipment outages
on a case -by case basis.
Reference
FSAR

-Section

9.2
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3.3

ENGINEERED SAFETY FEATURES

Applicability
Applies to the operating status of the Engineered Safety Features.
Obj ective
To define those limiting conditions for operation that are necessary:
(1) to remove decay heat from the core in emergency or normal shutdown
situations, (2) to remove heat from containment in normal operating
and emergency situations, (3) to remove airborne iodine from the containment
atmosphere following a Design Basis Accident, (4) to minimize containment
leakage to the environment subsequent to a Design Basis Accident.
Specification
The following specifications apply except during low temperature physics
tests.
A.

Safety Injection and Residual Heat Removal Systems
1.

The reactor shall not be made critical, except for low temperature
physics tests, unless the following conditions are met:
a. The refueling water tank contains not less than 350,000
gal. of water with a boron concentration of at least
2000 ppm.

b.

The boron injection tank contains not less than 1000 gal.
of a 11 1/2% to 13%'by weight (20,000 ppm to 22,500 ppm)
boric acid solution at a temperature of at least 145'F.
Two channels of heat tracing, shall be available for the
flow path.
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C.

Three of the four accumulators are pressurized to at
ft3
least 600 psig and each contains a minimum of 700
and a maximum of 715 ft
of at least 2000 ppm.

3

of water with a boron concentration

None of these three accumulators.

may be isolated.

d.

Three safety injection pumps together with their associated.
piping and valves are operable.

e.

Two residual heat removal pumps together with their associated
piping and valves are operable.

f.

Two recirculation pumps together with their associated piping
and valves are operable.

g.

Two residual heat exchangers together with their associated
piping and valves are operable.

h.

Valves 856 A, B, E, andD, in the discharge header of the safety,
injection header are in the, open position..

2'.

During power operation, the requirements,off 3,3-.A-- may be
modified to allow any , one of' the following components to be inoperable
at any one time.

If the system is. not. restored to meet the

requirements of 3.3.A-1 within the time period specified, the reactor
shall b.e placed in the hot shutdown condition utilizing normal operating
procedures., If the requirements of 3.3,.A-l are not satisfied within
an additional 48 hours the reactor shall be placed. in the cold shutdown
condition utilizing normal operating procedures;.

..

A second accumulator may. be isolated for: a period of up to
one hour.

b.

One safety injection pump may be out of service, provided
the pump is restored to operable status within seven days
and the remaining two pumps are demonstrated daily to be
operable.
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c. One residual heat pump may be out of service,
provided the pump is restored to operable status within
seven days and the other residual heat removal pump is
demonstrated daily to be operable.
d. One residual heat exchanger may be out of service provided
that it is restored to operable status within seven days.
e. Any valve required for the functioning of the system during
and following accident conditions may be inoperable
provided that it

is restored to operable status within seven
days and all valves in the system that provide the

duplica-te function are demonstrated daily to be
operable.
B.

Containment Cooling and Iodine Removal Systems
1.

The reactor shall not be made critical unless the following
conditions are met:
a. The spray additivetank contains not less than 4000
gal. of solution with a sodium hydroxide concentration
of not less than 30% by weight.
b. The five fan cooler-charcoal filter units and the two
spray pumps, with their associated valves and piping, are
operable.

2.

During power operation, the requirements of 3.3.B-1 may be
modified to allow any one of the following components to be
inoperable.

If the system is not restored to meet the requirements
of 3.3.B-1 within the time period specified, the reactor shall
be placed in the hot shutdown condition utilizing normal operating
procedures. If the requirements of 3.3.B-1 are not satisified
within an additional 48 hours, the reactor shall be placed in the
cold shutdown condition utilizing normal operating
procedures.,.
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a.

One fan cooler unit or the flow path for a fan cooler unit
may be out of service during normal reactor operation for
a period not to exceed 7 days, provided both containment
spray pumps are demonstrated daily to be operable.

b.

One containment spray pump may be out of service during
normal reactor operation, for a period not to exceed 7 days,
provided the five fan cooler units are operable and the
remaining containment spray pump is demonstrated daily to
be operable.

c.

Any valve required for the functioning of the system during
and following accident condition may be inoperable provided.
it is restored to operable status within 7 days and all
valves in the system that provide the duplicate function are
demonstrated daily to be operable.

C.,

Isolation Valve Seal Water System

The isolation valve seal water system shall be operable when the
reactor is critical.

Di.

Weld Channel and Penetration Pressurization System

The weld channel and penetration pressurization system, shall be
operable when the reactor is critical.

E..

Component Cooling System.

1.

The reactor shall not be made critical unless the following
conditions are. met:

a.

Two component cooling pumps on different busses, together
with their associated piping and valves are operable.

b.

Two auxiliary component cooling pumps together with their
associated piping and valves are operable.
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c. Two component cooling heat exchangers together with their
associated piping and valves are operable.
2.

During power operation, the requirements of 3.3.E-1 may be
modified to allow one of the following components to be inoperable
at any one time. If the system is not restored to meet the
conditions of 3.3.E-1 within the time period specified, the
reactor shall be placed in the hot shutdown condition utilizing
normal operating procedures. If the requirements of 3.3.E-1
are not satisfied within an additional 48 hours, the reactor shall
be placed in the cold shutdown condition utilizing normal operating
procedures.
a. One of the two operable component cooling pumps may be out
of service provided the pump is restored to operable status
within seven days.
b.

One auxiliary component cooling pump may be out of service
provided the pump is restored to operable status within
seven days and the other pump is demonstrated daily to be
operable.

c. One component cooling heat exchanger or other passive component
may be out of service for a period not to exceed 7 days provided
the system may still operate at design accident capability.
F.

Service Water System
1.-

The reactor shall not be made critical unless the following condition
is met:

Three service water pumps on the designated essential header
together with their associated piping and valves are operable.
2.

If during power operation one of the three service water pumps
on the designated essential header or any of their associated
piping or valves is found inoperable, the operator shall
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immediately proceed to place in service, within two hours, an
essential service water system which meets the requirements
of 3.3.F-l.

If an essential service water system can not be

restored with eight hours, the reactor shall be placed in cold
shutdown condition.

G.

Hydrogen Recombiner System

1.

The reactor shall not be made critical unless the following
conditions are met:

a) Both hydrogen recombiner units together with their associated
piping, valves, oxygen supply system and control system
,are :operable, with the exception :of one unit train located
outside of the containment which may be inoperable, provided
it is under repair and can be made operable if needed.

b)

The containment atmosphere sampling system including the
sampling pump, piping and valves are 'operable,.

-c)

Hydrogen -and oxygen supplies shall not be connected to the
hydrogen recombiner units except under condltions of an
-accident :or those specified :in 4.5..C..i.

2.

During power 'operation, -the requirement :of 3.3.,G-1 -may be modified
to allow any one of the following components :to be inoperable.
If the system is not restored to meet the -requirements of 3.3.G
1 within the time specified, the reactor shall be placed in
the hot shutdowncondition utilizing normal operating procedures.
If the requirements 'are not :satisfied within an additional
48 hours, the reacrtor shall be placed in the cold shutdown
condition utilizing normal operating procedures.
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a)

One hydrogen recombiner unit or its associated flow path,
or oxygen supply system or control system may be inoperable
for a period not to exceed seven days, provided the other
recombiner unit is demonstrated to be operable.

b)

One containment atmosphere sampling line may be inoperable
for a period not to exceed seven days, provided the other
sampling lines are demonstrated to be operable.

c)

The containment atmosphere sampling pump may be inoperable
for a period not to exceed seven days, provided a spare
pump is available at the site for service if required.

H,

Extended Maintenance

When it is determined that maintenance to restore components or
systems to an operable condition will last longer than periods specified,
the circumstances of the extended maintenance and the estimated
date for returning the components or systems to an operable gondition
shall be reported to the Director - Region I Compliance Office.
The report shall be made prior to the expiration of the specified
out-of-service period and to allow the AEC to review the circumstances
of the extended outage and to render a decision on extending the
specified out-of-service period, thereby permitting reactor operating
to continue.
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Basis
The normal procedure for starting the reactor is, first, to heat the
reactor coolant to near operating temperature, by running the reactor
coolant pumps. The reactor is then made critical by withdrawing control
rods and/or diluting boron in the coolant. (1) With this mode of start
up, the energy stored in the reactor coolant during the approach to criticality
is substantially equal to that during power operation, and therefore
the minimum required engineered safeguards and auxiliary cooling systems
are required to be operable.

During low temperature physics tests there
is a negligible amount of stored energy in the reactor coolant, therefore
an accident comparable in severity to the Design Basis Accident is not
possible, and the engineered safeguards systems are not required.
When the reactor is critical, the probability of sustaining both a major
accident and a simultaneous failure of a safeguards component to operate
as designed is necessarily very small. Thus operation with the reactor
critical with minimum safeguard operable for a limited period does not
significantly increase the probability of an accident having consequences
which are more severe than the Design Basis Accident.
The operable status of the various systems and components is to be demonstrated
by periodic tests, defined by Specifications 4.5. A large fraction of
these te sts will be performed while the reactor is operating in the power
range. If a component is found to be inoperable, it will be possible
in most cases to effect repairs and restore the system to full operability
within a relatively short time.

For a single component to be inoperable
does not negate the ability of the system to perform its function, (2)

but it reduces the redundancy provided in the reactor design and thereby
limits the ability to tolerate additional equipment failures. To provide
maximum assurance that the redundant component(s) will operate if required
to do so, the redundant component(s) are to be tested prior to initiating
repair of the inoperable component. If it develops that (a) the inoperable
component is not repaired within the specified allowable time period,
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or (b) a second component in the same or related system is found to be
inoperable, the reactor will initially be put in the hot shutdown condition
to provide for reduction of the decay heat from the fuel, and consequent
reduction of cooling requirements after a postulated loss-of-coolant accident.
This will also permit improved access for repairs in some cases.

After

a limited time in hot shutdown, if the malfunction(s) are not corrected,
the reactor will be placed in the cold shutdown condition, utilizing normal
shutdown and cooldown procedures.

In the cold shutdown condition there

is no possibility of an accident that would release fission products or
damage the fuel elements.

The plant operating procedures require immediate action to effect repairs
of an inoperable component, and therefore in most cases repairs will be
completed in less than the specified allowable repair times.

Replacement

of principal system components could necessitate outages of more than
the time allowed for a system or component to be out of service.

This

extended maintenance specification is intended to allow a ruling by the
AEC on equipment outages on a case-by-case basis.

Furthermore, the

specified repair times do not apply to regularly scheduled maintenance
of the engineered safeguards systems, which is normally to be performed
during refueling shutdowns.

The limiting times to repair are based on

two considerations:

1)

Assuring with high reliability that the safeguard system will function
properly if required to do so.

2)

Allowances of sufficient time to effect repairs using safe and proper
procedures.

Assuming the reactor has been operating at full rated power for at least
100 days, the magnitude of the decay heat decreases after initiating hot
shutdown.

Thus the requirement for core cooling in case of a postulated

loss-of-coolant accident while in the hot shutdown condition is significantly
reduced below the requirements for a postulated loss-of-coolant accident
during power operation.

Putting the reactor in the hot shutdown condition

significantly reduces the potential consequences of a loss-of-coolant
accident, and alos allows more free access to some of the engineered
safeguards components in order to effect repairs.
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Failure to complete repairs within 48 hours of going. to the hot shutdown
condition is considered indicative of a requirement for major maintenance
and therefore in such a case the reactor is to be put into the cold shutdown
condition.
With respect to the core cooling function, there is some functional redundancy
for certain ranges of break sizes. ()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 where the core has
been uncovered for postulated large area ruptures. the result of the
performance is to sufficiently limit any increase in clad temperature below
a value where emergency core cooling objectives are met. ()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 6.2-6
of the FSAR.
The containment cooling-and iodine removal functions are provided by two
independent systems: (a) fan-coolers plus charcoal filters and (b) containment
spray with sodium hydroxide addition. During normal power operation, the
five fan-coolers are required to remove heat lost from equipment and piping
within containment at design conditions (with a cooling water temperature
of 850F). (4 ) In the event of a Design Basis Accident, any one of the following
combinations will provide sufficient cooling to reduce containment pressure
at a rate consistent with limiting off-site doses to acceptable values:
(1) five fan-co oler units, (2) two containment spray pumps, (3) three fan
cooler units and one spray pump. Also-in the event of a Design Basis Accident,
three charcoal filters (and their associated recirculation fans) in operation,
along with one containment spray pump and sodium hydroxide addition, will
reduce airborne organic and molecular iodine activities sufficiently to
limit off-site doses to acceptable values. These constitute the minimum
safeguards for iodine removal, and are capable of being operated on emergen cy
power with one diesel generator inoperable.
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If off.-site power is available or all diesel generators are operating
to provide emergency power, the remaining installed iodine removal equipment
(two charcoal filters and their associated fans, and one containment spray
pump and sodium hydroxide addition) can be operated to provide iodine
removal in excess of the minimum requirements.

Adequate power for operation

of the redundant containment heat removal systems (i.e., five fan-cooler
units or two containment spray pumps) is assured by the availability of
off-site power or operation of all emergency diesel generators.

One of the five fan cooler units is permitted to be inoperable during power
operation.

This is an abnormal operating situation, in that the normal

plant operating procedures require that an inoperable fan-cooler be repaired
as soon as pratical.

However, because of the difficulty of access to make repairs, it is important
on occasion to be able to operate temporarily without at least one fan
cooler.

Compensation for this mode of operation, is provided by the high

degree of redundancy of containment cooling systems during a Design Basis
Accident.

The Component Cooling System is different from the system discussed above
in that the pumps are so located in the Auxiliary Building as to be accessible
for repair after a loss-of-coolant accident. (6 )

During the recirculation

phase following a loss-of-coolant accident, only one of the three component
( 7)
cooling pumps is. required for minimum safeguards.

A total of six service water pumps are installed, only two of the set of
three service water pumps on the header designated the essential header
8
are required immediately following a postulated loss-of-coolant accident.( )
During the second phase of the accident, one additional service water pump
on the non-essential header will be manually started to supply the minimum
cooling water requirements for the component cooling loop:.

The limits for the accumulators, and their pressure and volume assure the
required amount of water injection following a loss-of-coolant accident,
and are based on the values used for the accident analyses. (9)
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Two full rated recombination systems are provided in order to control the
hydrogen evolved in the containment following a loss-of-coolant accident.
Either system is capable of preventing the hydrogen concentration from
exceeding 2% by volume within the containment.

Each of the systems is

separate from the other and is provided with redundant features.

Power

supplies for the blowers and ignitors are separate, so that loss of one
power supply will not affect the remaining system.
as the externally supplied fuel.

Hydrogen gas is used

Oxygen gas is added to the containment

atmosphere through a separate containment feed to prevent depletion of
oxygen in the air below the concentration required for stable operation
of the combustor (12%). The containment atmosphere sampling system consists
of a sample line which originates in each of the containment fan cooler
units. The fan and sampling pump head together are sufficient to pump containment
air in a loop from the fan cooler through a containment penetration to
a sample vessel outside the containment, and then through a second penetration
to the sample termination inside the containment.

The design hydrogen

concentration for operating the recombiner is established at 2% by volume.
Conservative calculations indicate that the hydrogen content within the
containment will not reach 2% by volume until 13 days after a loss-ofcoolant accident. There is therefore no need for immediate operation of
the recombiner following an accident, and the quantity of hydrogen fuel
stored at the site will be only for periodic testing of the recombiners.

References

(1)

FSAR Section 9

(2)

FSAR Section 6.2

(3)

FSAR Section 6.2

(4)

FSAR Section 6.3

(5)

FSAR Section 14.3.5

(6)

FSAR Section 1.2

(7)

FSAR Section 8.2

(8)

FSAR Section 9.6.1

(9)

FSAR Section 14.3
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3.4

STEAM and POWER CONVERSION SYSTEM

Applicability

Applies to the operating status of the Steam and Power Conversion System.

Objective

To define conditions of the turbine cycle steam-relieving capacity.

Auxiliary

Feedwater System and Service Water System operation is necessary to ensure
the capability to remove decay heat from the core.

Specification

A.

The reactor shall not be heated above 350'F unless the following conditions
are met:

(1)

A minimum ASME code approved steam-relieving capability of twenty
(20) main steam valves shall be operable (except for testing).

(2)

Two of the three auxiliary feedwater pumps must be operable.

(3)

A minimum of 360,000 gallons of water in the condensate storage
tanks and a backup supply from the city water supply.

(4)

System piping and valves directly associated with the above components
operable.

(5)

The main steam stop valves are operable and capable of closing in
five seconds or less.

(6)

The iodine-131 activity on the secondary side of the steam generator
shall be less than or equal to 0.48 pCi/cc.

B.

If during power operations any of the conditions of 3.4.A above can not
be met within 48 hours the operator shall start to shutdown and cool
the reactor below 350*F using normal operating procedures.
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Basis

A reactor shutdown from power requires 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 feed the

steam generators is provided by operation of the turbine cycle feedwater system.

The twenty main steam safety valves have a total combined rated capability of
15,108,000 lbs/hr.

The total full power steam flow is 13,283,000 lbs/hr,

therefore ;:wenty (20) main steam safety valves will be able to relieve the
total steam flow if necessary.

In the unlikely event of complete loss of electrical power to the station, decay
heat removal would continue to be assured by the availability of either the
steam-driven auxiliary feedwater pump or one of the two motor-driven auxiliary
steam generator feedwater pumps, and steam discharge to the atmosphere via
the main steam safety valves and atmospheric relief valves.

One motor-driven

auxiliary feedwater pump can supply sufficient feedwater for removal of decay
heat from the plant.

The minimum amount of water in the condensate storage

tank is the amount needed for 24 hours at hot standby.

When the condensate

storage supply is exhausted, city water will be used.

The secondary coolant activity is based on a postulated release of the contents
of one steam generator to the atmosphere.

This could happen, for example,

as a result of a steam break accident combined with failure of a steam line
isolation valve.

The limiting dose for this case results from iodine in the

secondary coolant.

1-131 is the dominant isotope because of its low MPC in

air and because the other iodine isotopes have shorter half-lives and
therefore cannot buildup to significant concentrations in the secondary
coolant, given the limitations of primary system leak rate and activity.
It is assumed that the accident occurs at zero load, which is when the maximum
amount of water is contained in one steam generator.

One-tenth of the contained

iodine is assumed to reach the site boundary, making allowance for plate-out
retention in water droplets.

The maximum inhalation dose at the site boundary

is then as follows:
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Dose (ret m) =

where:

C

C o V

-

• B(t)

x/Q - DCF

Ci/m 3 )
secondary coolant activity (0.48 pCi/cc = 0.48

V

= water volume in one steam generator
3
3
(2821 ft = 80 m )

B (t)

= breathing rate (3.47 x 10- 4 m3/sec)

X/Q = 7.5 x 10- 4 sec/m 3
DCF

= 1.48 x 106 rem/Ci 1-131 inhaled

The resultant dose is less than 1.5 rem.

Reference
FSAR - Seciton 10.4 and 14.1.9
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3.5

INSTRUMENTATION SYSTEMS

Operational Safety Instrumentation

Applicability:

Applies to plant instrumentation systems.

Objectives:.

To provide for automatic initiation of the Engineered Safety Features in the
event that principal process variable limits are exceeded, and to delineate
the conditions of the plant instrumentation and safety circuits necessary
to ensure reactor safety.

Specification:

3.5.1

The Engineered Safety Features initiation instrumentation setting
limits shall be as-stated in Table 3-1.

3.5.2

For on-line testing or in the event of a sub-system
instrumentation channel failure, plant operation at rated power
shall be permitted to continue in accordance with Tables 3-2
through 3-4.

3.5.3

in the event the number of channels of a particular sub-system
in service falls below the limits given in the -column entitles
Minimum Operable Channels, or Minimum Degree of Redundancy cannot
be achieved, operation shall be limited according to the require
ment shown in Column 5 of Tables 3-2 through 3-4.

3.5.4

The cover plate on the rear of the safeguard panel, in the control room
shall not be removed unless the plant is in the cold shutdown
condition or without the authorization from the

operations stajf.

If a cover is removed, the event must be reported in the Semi
Annual Station Operation Report in accordance with Specification
6.6.6.c.
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Basis:

Instrumentaiton has been provided to sense accident conditions and to

(1)

initiate operation of the Engineered Safety Features

Safety Injection System Actuation

Protection against a Loss of Coolant or Steam Break accident is brought
about by automatic actuation of the Safety Injection System which provides
emergency cooling and reduction of reactivity.

The Loss of Coolant Accident is characterized by depressurization of the
Reactor Coolant System and rapid loss of reactor coolant to the containment.
The Engineered Safety Features have been designed to sense the effects of the
Loss of Coolant accident by detecting low pressurizer pressure and level
and generates signals acting the SIS active phase based upon the coincidence
of these signals.

The SIS active phase is also actuated by a high containment

pressure signal (Hi-Level) brought about by loss of high enthalpy coolant to
the containment.

This actuation signal acts as a backup to the low pressurizer

pressure and level signal actuation of the SIS and also adds diversity to
protection against loss of coolant.

Signals are also provided to actuate the SIS upon sensing the effects of a
steam line break accident.

Therefore, SIS actuation following a steam line

break is designed to occur upon sensing high differential steam pressure
between any two steam generators or upon sensing high steam line flow in
coincidence with low reactor coolant average temperature of low steam line
pressure.

The increase in the extraction of RCS heat following a steam line break
results in reactor coolant temperature and pressure reduction.

For this

reason protection against a steam line break accident is also provided by
coincident low pressurizer pressure and level signals actuating safety
injection.

Protection is also provided for a steam line break in the containment by
actuation of SIS upon sensing high containment pressure.
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SIS actuation injects highly borated fluid into the Reactor Coolant System
in order to counter the reactivity insertion brought about by cooldown of
the reactor coolant which occurs during a steam line break accident.
Containment Spray
The Engineered Safety Features actuation system also initiate containment
spray upon sensing a high containment pressure signal (Hi-Hi Level).
The
containment spray acts to reduce containment pressure in the event of a
loss of coolant or steam line break accident inside the containment spray
cools the containment directly and limits the release of fission products
by absorbing iodine should it be released to the containment.
Containment spray is designed to be actuated at a higher containment pressure
(approximately 50% of design containment pressure) than the SIS (3.5 psig).
Since spurious actuation of containment spray is to be avoided, it is
automatically initiated only on coincidence of Hi-Hi Level containment pressure
sensed by both sets of two-out-of-three containment pressure signals and the
derived S. I. signal provided for its actuation.

Steam Line Isolation

Steam line isolation signals are initiated by the Engineered Safety Features
closing all steam line stop valves. In the event of a steam line break,
this action prevents continuous, uncontrolled steam release from more than
one steam generator by isolating the steam lines on high containment pressure
(Hi-Hi Level) or high steam line flow.

Protection is afforded for breaks

inside or outside the containment even when it is assumed that there is
a single failure in the steam line isolation system.

Feedwater Line Isolation

The feedwater lines are isolated upon actuation of the Safety Injection
System in order to prevent excessive cooldown of the reactor coolant system.
This mitigates the effect of an accident such as steam break which in itself
causes excessive coolant temperature cooldown.
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Feedwater line isolation also reduces the consequences of a steam line
break inside the containment, by stopping the entry of feedwater.

Setting Limits

1.

The Hi-Level containment pressure limit is set at 3.0 psig of design
containment pressure.

Initiation of Safety Injection protects against

loss of coolant (2)or steam line break (3)accidents as discussed in the
safety analysis.

2.

The Hi-Hi Level containment pressure limit is set at about 50% of
design containment pressure.

Initiation of Containment Spray and

Steam Line Isolation protects against large loss of coolant(2)or
steam line break accidents (3)as discussed in the safety analysis.
3.

The pressurizer low pressure limit is set substantially below system
operating pressure limits. However, it is sufficiently high to protect
(2)
against a loss of coolant accident as shown in the safety analysis.

4.

The steam line high differential pressure limit is set well below
those differential pressure expected in the event of a
large steam line break accident as shown in the safety analysis.

5.

(3 )

The high steam line flow limit is set approximately 20% of the full
steam flow at no load and at 120% of full steam flow at full load,
with the steam flow differential pressure measurement linearly pro
grammed between no load and full load in order to protect against
large steam line break accidents. The coincident low Tavg setting
limit for SIS and steam line isolation initiation is set below its
hot shutdown value. The coincident steam line pressure setting limit
is set below the full load operating pressure.

The safety analysis

shows that these settings provide protection in the event of a large
steam line break.(3 )
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Instrument Operating Conditions

During plant operations, the complete instrumentation systems will normally
be in service. Reactor safety is provided by the Reactor Protection System,
which automatically initiates appropriate action to prevent exceeding
established limits. Safety is not compromised, however, by continuig
operation with certain instrumentation channels out of service since
provisions were made for this in the plant design.

This specificaiton

outlines limiting conditions for operation necessary to preserve the
effectiveness of the Reactor Control and Protection System when any one or
more of the channels is out of service.

Almost all reactor protection channels are supplied with sufficient
redundancy to provide the capability for channel calibration and test at
power. Exceptions are backup channels such as reactor coolant pump breakers.
The removal of one trip channel on process control equipment is accomplished
by placing that channel bistable in a tripped mode; e.g., a two-out-of-three
circuit becomes a one-out-of-two circuit.

The nuclear instrumentation

system channels are not intentionally placed in a tripped mode since the
test signal is superimposed on the normal detector signal to test at power.
Testing of the NIS power range channel requires: (a) bypassing the Dropped
Rod protection from NIS, for the channel being tested; and (b) defeating the
AT protection CHANNEL SET that is being fed from the NIS channel and
(c) defeating the power mismatch section of T
appropriate NIS channel is being tested.

control channels when the
avg
However, the Rod Position System

and remaining NIS channels still provide the dropped-rod protection. Testing.
does not trip the system unless a trip condition exists in a concurrent
channel.

Reference

(1) FSAR - Section 7.5
(2)

FSAR - Section 14.3

(3)

FSAR - Section 14.2.5

TABLE 3-1

ENGINEERED SAFETY FEATURES INITIATION INSTRUMENT SETTING LIMITS

FUNCTIONAL UNIT

CHANNEL

SETTIT LIMIT

1.

High Containment Pressure (Hi Level)

Safety Injection

<

2.

High Containment Pressure (Hi-Hi Level)

a.

Containment Spray

b.

Steam Line Isolation

3.

Pressurizer Low Pressure and Low Level

Safety Injection

3.0 psig

< 30 psig

> 1700 psig

> 5 per cent instrument span.

4.

Safety Injection

< 150 psi

High Steam Flow in 2/4

a.

Safety Injection

< 20% @ (Zero Load

Steam Lines Coincident with Low T

b.

Steam Line

< 120% @ (Full load)
0
> 540 F T

High Differential Pressure Between
Steam Lines

5.

of full steam flow)
or Low Steam Line Pressure

avg

Isolation

> 60
avg
> 600 psig steam line pressure

TABLE 3-2
REACTOR TRIP INSTRUMENTATION LIMITING OPERATING CONDITIONS
1

NO. OF
CHANNELS

2

NO. OF
CHANNELS
TO
TRIP

3

MIN.
OPERABLE
CHANNELS

NO.

FUNCTIONAL UNIT

1.

Manual

21

2.

Nuclear Flux Power Range*

4

2

3.

Nuclear Flux Inter'mediate Range

2

1

4.

Nuclear Flux Sourc e Range

2

1

5.

Overtemperature AT

4

2

3

6.

Overpower AT

4

2

3

7.

Low Pressurizer Pr essure

4

2

3

8.

Hi Pressurizer Pre ssure

4
M]IN.
DIEGREE
01
R1EDUN
D ANCY

2

0

Maintain hot
shutdown

3

2

Maintain hot
shutdown

0

Maintain hot
shutdown

**

Maintain hot
shutdown
2
Maintain hot
shutdown
2
Maintain hot
shutdown
2

2
1

9.

Pressurizer-Hi Wat er Level

3

2

OPERATOR ACTION
IF CONDITIONS OF
COLUMN 3 or 4
CANNOT BE MET

1

1
3

5

2

Maintain hot
shutdown
Maintain hot
shtidown
Maintain hot
shutdown

TABLE 3-2 (Continued)
12
Low Flow Loop >75% F.P.
Low Flow Two Loops 10-75% F.P.

3 /loop

11.

Lo Lo Steam Generator
Water Level

3/loop

12.

Undervoltage 6.9 KV Bus

1/bus

13.

Low frequency 6.9 KV Bus

i/bus

14.

Quadrant power tilt
monitor (upper and
lower ex-core neutron
detectors)

2

15.

Turbine trip (overspeed
protection)

3

10.

3/loop

2/loop (any loop)
2/loop (any two
loops)
2/loop

Maintain hot
shutdown

2/loop
2/loop

2/loop

1/loop

Maintain hot
shutdown

2

3

2

Maintain hot
shutdown

2

3

2

Maintain hot
shutdown****

1

0

Log individual upper
and lower ion chamber
currents once/shift
and after load change
>10%

2

1

Maintain hot
shutdown

NA

2

TABLE 3-2 (Continued)

*

For zero power physics testing it is permissible to take one channel out of service.

**

If two of four power channels greater than 10% F.P.,
channels are not required.

***

If one of0 two intermediate range channels greater
than 10
amps, channels are not required.

**** 2/4 trips all four reactor coolant pumps.

F.P. = Full Power

TABLE 3-3
INSTRUMENTATION OPERATING CONDITION FOR ENGINEERED SAFETY FEATURES

MIN.

FUNCTIONAL UNIT

NO. OF
CHANNELS

NO. OF
CHANNELS
TO
TRIP

MIN.
OPERABLE
CHANNELS

DEGREE
OF
REDUN
DANCY

OPERATOR ACTION
IF CONDITIONS OF
COLUMN 3 or 4
CANNOT BE MET

1

SAFETY INJECTION

a.

Manual

Cold Shutdown

b.

High Containment Pressure
(Hi Level)

Cold Shutdown

c.

High Differential Pressure
Between Steam Lines

Cold Shutdown

d.

Pressurizer Low Pressure and
Low Level*

Cold Shutdown

e.

High Steam Flow in 2/4 Steam
Lines Coincident with Low T
or
avg
Low Steam Line Pressure

2/line

2/line

4 Ta- Signals 2
avg

4 Pressure Signals 2
2

CONTAINMENT SPRAY

a.

Manual

b.

High Containment Pressure
(Hi Hi Level)

*
**
***

1/line in
each of
3 lines

Cold Shutdown

3
3

0 ***
2 sets
of 3

2 of 3
2 per set
in each
set
Permissible bypass if reactor coolant pressure less than 2000 psig.
Each channel has two separate signals.
Must actuate 2 switches simultaneously.

1/set

Cold Shutdown
Cold Shutdown

0

TABLE 3-4
INSTRUMENT OPERATING CONDITIONS FOR ISOLATION FUNCTIONS

NO. FUNCTIONAL UNIT

NO. OF
CHANNELS

NO. OF
CHANNELS
TO
TRIP

MIN.
OPERABLE
CHANNELS

MIN.
DEGREE
OF
REDUN
ANCY

OPERATOR ACTION
IF CONDITIONS OF
COLUMN 3 or 4
CANNOT BE MET

1.

CONTAINMENT ISOLATION

a.

Automatic Safety Injection
(Phase A)

See Item No. 1 of Table 3-3

Cold Shutdown

b.

Containment Pressure (Phase B)

See Item No. 2 of Table 3-3

Cold Shutdown

c.

Manual
Phase A one out of two
Phase B

2
1
See Item 2a of Table 3-3

2.

STEAM LINE ISOLATION

a.

High Steam Flow in 2/4 Steam
Lines Coincident with Low T
or Low Steam Line Pressure avg

b.

High Containment Pressure
(Hi Hi Level)

c.

Manual

3.

FEEDWATER LINE ISOLATION

a.

Safety Injection

0

Cold Shutdown
Cold Shutdown

See Item No. 1(e) of Table 3-3
Cold Shutdown

l/loop

1/loop

l/loop

See Item No. 1 of Table 3-3

1

Cold Shutdown

0

Cold Shutdown

3.6

CONTAINMENT SYSTEM

Applicability

Applies to the integrity of reactor containment.

Objective

To define the operating status of the reactor containment for plant operation,.

Specification

A.

Cbntainment Integrity

1.

The containment integrity (as defined in 1.7?) shall not be' violated'
unless the reactor is in the cold shutdown condition.

2.

The containment integrity shall not be violated when the reactor
vessel head is removed unless the boron concentration is at least
1840 ppm.

3.

Positive reactivity changes shall not be made by rod-drive motion
whenever the containment integrity is not intact except for rod
testing in which case the shutdown margin is maintained. > 1% Ak/k.

4.

Positive reactivity changes shall not be made by boron dilution

whenever the containment integrity is not intact unless the shut
down margin is > 1% Ak/k.

B.

Internal Pressure

If the internal pressure exceeds 2 psig or the internal vacuum exceeds
2.0 psig, the condition shall be corrected or the reactor shut down.
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Basis

The Reactor Coolant System conditions of cold shutdown assure that no
steam will be formed and hence there would be no pressure buildup in
the containment if a Reactor Coolant System rupture were to occur.

The shutdown margins are selected based on the type of activities that
are being carried out.

The (1840 ppm) boron concentration provides

shutdown margin when the head is off which precludes criticality under
any circumstances, even though fuel is being moved.

When the reactor

head is not to be removed, the specified cold shutdown margin of 1% Ak/k
precludes criticality in any occurrence.

Regarding internal pressure limitations, the containment design pressure
of 47 psig would not be exceeded if the internal pressure before a major
loss-of-coolant accident were as much as 8 psig. (1
can withstand an internal vacuum of 2.5 psig.

(2 )

)

The containment

The 2.0 psig vacuum

specified as an operating limit avoids any difficulties with motor cooling.

References

(1)

FSAR - Section 14.3.5

(2)

FSAR - Section 5.5
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3.7

AUXILIARY ELECTRICAL SYSTEMS

Applicability

Applies to the availablity of electrical power for the operation of
plant auxiliaries.

Objective

To define those conditions of electrical power availablility necessary
(1) *to provide for safe reactor operation, and (2) to provide for the
continuing availability of engineered safety features.

Specification

A.

The reactor shall not be made critical without

1.

The four 480-volt buses 2A, 3A, 5A, and 6A energized.

2.

6.9 kv buses 5 and 6 energized.

3.

Three diesel generators operable with onsite supply of 19,000
gallons of fuel available in the individual storage tanks and
22,000 gallons of fuel available on-site other than the normal
supply tanks.

4.

B.

Both batteries and the d.c. distribution systems are operable.

During power operation the following components may be inoperable:

1.

Power operation may continue for seven days if one diesel generator
is inoperable provided the remaining diesel generators are tested
daily to ensure operability and the engineered safety features
associated with these diesel generator busses are operable.

2.

One battery may be inoperable for 24 hours provided the other
battery and two battery chargers remain operable with one battery
charger carrying the d.c. load of the failed battery's supply system.
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Basis

The electrical system equipment is arranged so that no single contingency
can inactivate enough safeguards equipment to jeopardize the plant safety.
The 480-volt equipment is arranged on 4 buses.

The 6900-volt equipment

is supplied from 6 buses.

In addition to the unit transformer, three separate sources supply station
service power to the plant.

(I )

The plant auxiliary equipment is arranged electrically so that multiple
items receive their power from different sources.

The charging pumps

are supplied from the 480-volt buses No. 3A, 5A, and 6A.
fans are divided between the 480-volt buses.
are

on separate 480 volt buses.

The five containment

The two residual heat pumps

Valves are supplied from motor control

centers.

The station auxiliary transformer or the gas turbine is required to give
The station auxiliary transformer

sufficient power for plant start up.

can supply the required plant auxiliary power during normal operation.

The bus arrangements specified for operation ensure that power is available
to an adequate number of safeguards auxiliaries.

With additional switching,

more equipment could be out of service without infringing on safety.

Two diesel generators have sufficient capacity to start and run at design
load the minimum required engineered safeguards equipment.

(I )

The minimum

diesel fuel oil inventory at all times is maintained to assure the operation
of two diesels carrying the load of the minimum required engineered safeguards
equipment for at least 80 hours.

(2 )

Additional fuel oil suitable for use in

the diesel generators will be stored on site.

The minimum storage of

22,000 gallons will assure operation of two diesels for 90 hours at the
minimum load for engineered safeguards.

Commerical oil supplies and trucking

facilities exist to assure deliveries within one day's notice.
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One battery charger shall be in service on each battery so that the
batteries will always be at full charge in anticipation of a loss
of-ac power incident.

This insures that adequate d.c. power will

be available for starting the emergency generators and other emergency
uses.

The plant can be safely shutdown without the use of offsite power since
all vital loads (safety systems, instruments, etc.)

can be supplied from

the emergency diesel generators.

Any two of three diesel generators, the station auxiliary transformer
or the separate 13.8 to 6.9 kv transformer are each capable of supplying
the minimum safeguards loads, and therefore provide separate sources
of power immediately available for operation of these loads.

*Thus the

power supply system meets the single failure criteria required of safety
systems.

Reference

(1)

FSAR - Section 8.2.1

(2)

FSAR - Section 8.2.3
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3.8

REFUELING

Applicability
Applies to operating limitations during refueling operations.
Objective
To ensure that no incident could occur during refueling operations
that would adversely affect public health and safety.
Specification
A.

During refueling. operations the following conditions shall be
satisfied:
1.

The equipment door and at least one door in each personnel
air lock shall be properly closed.

In addition, at least

one isolation valve shall be operable or locked closed in
each line penetrating the containment and which provides
a direct path from containment atmosphere to the outside.
2.

Radiation levels in the containment and spent fuel storage
areas shall be monitored continuously.

3.

The core subcritical neutron flux shall be continuously monitored
by the two -source range neutron monitors, each with continuous
visual indication in the control room and one with audible
indication in the containment available whenever core geometry
is being changed. When core geometry is not being changed
at least one source range neutron flux monitor shall be in
service.

4.

At least one residual heat removal pump and heat exchanger
shall be operable.

5.

During reactor vessel head removal and while loading and
unloading fuel from the reactor, the minimum boron concentration
of 1840 ppm shall be maintained in the Reactor Coolant System
and verified by chemical analysis daily.
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6.

Direct communication between the control room and the refueling
cavity manipulator crane shall be available whenever changes in
core geometry are taking place.

7.

The spent fuel cask shall not be moved over spent fuel.

8.

The containment vent and purge system, including the radiation
monitors which initiates isolation, shall be tested and verified to
be operable immediately prior to refueling operations.

B.

If any of the specified limiting conditions for refueling is not met,
refueling shall cease until the specified limits are met, and no operations
which may increase the reactivity of the core shall be made.

Basis

The equipment and general procedures to be utilized during refueling are
discussed in the FSAR.

Detailed instructions, the above specified precautions,

and the design of the fuel handling equipment incorporating built-in interlocks
and safety features, provide assurance that no incident could occur during
the refueling operations that would result in a hazard to public health and
safety.~1

Whenever changes are not being made in core geometry, one flux

monitor is sufficient.

This permits maintenance of the instrumentation.

Con

tinuous monitoring of radiation levels (2 above) and neutron flux provides
immediate indication of an unsafe condition.

The residual heat pump is used

to maintain a uniform boron concentration.
The shutdown margin indicated in.Part 5 will keep the core subcritical,
even if all control rods were withdrawn from the core.

During refueling,

the reactor refueling cavity is filled with approximately 350,000
gallons of water from the refueling water storage tank with a boron
concentration of 2000 ppm.

The minimum specified boron concentration of

this water at 1840 ppm. boron is sufficient to maintain the reactor
subcritical by at least 10% Ak/k in the cold condition with all rods
inserted, and will also maintain the core subcritical even if no control
(2)
rods were inserted into the reactor.
Periodic checks of refueling
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water boron concentration insure the proper shutdown margin.

Part 6 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.

In addition to the above. safeguards, interlocks are utilized during
to ensure safe handling.

refueling

An excess weight interlock is provided on the

lifting hoist'to prevent movement of more than one fuel assembly at a time.
The spent fuel transfer mechanism can accommodate only one fuel assembly
at a time.
During normal operation when the spent fuel cask is being placed in or
removed from its position in the spent fuel pit, mechanical stops will be
incorporated on the bridge rails which will make it impossible for the bridge
of the crane to travel further north than a point directly over the spot
reserved for the cask in the pit.
During normal reactor operation, the two sourthernmost spent fuel racks,
each holding 25 fuel assemblies, will be removed and stored elsewhere, and
the southern half of the rack holding 32 fuel assemblies in the southeast
corner of the pit will be covered with a removable stainless steel plate,
to prevent the normal storage of fuel assemblies in those 66 positions
closest to the south wall of the spent fuel pit.

These restricted storage

locations would be utilized only in the event that the total fuel assemblies
are removed and 1/3 of a core from a previous refueling is present.
Thus it will be possible to handle the spent fuel cask with the 40 ton
hook and to move new fuel to the new fuel elevator with the 5 ton hook,
but under normal conditions it will be impossible to carry any object over
the spent fuel storage area with either the 40 or 5 ton hook of the fuel
storage building crane.

References
(1)

FSAR

-

Section 9.5.2

(2)

FSAR

-

Table 3.2.1-1
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3.9

EFFLUENT RELEASE

It is expected that releases of radioactive material in effluents will be
kept at small fractions of the limits specified in §20.106 of 10 CFR Part
20.

At the same time the licensee is permitted the flexibility of

operation, compatible with considerations of health and safety, to assure
that the public is provided a dependable source of power even under unusual
operating conditions which may temporarily result in releases higher than
such small fractions, but still within the limits specified in §20.106 of
10 CFR Part 20.

It is expected that in using this operational flexibility

under unusual operating conditions the licensee will exert his best efforts
to keep levels of radioactive material in effluents as low as practicable.

Applicability

Applies to the release of radioactive liquids and gases from the plant
during normal operation.

Obj ective

To define the limiting conditions for release of radioactive wastes to the
circulating water discharge and to the plant vent.

Specifications

A.

Liquid Wastes

1.

The release rate of radioactive liquid effluents shall be such
that the concentration of radionuclide in the circulating water
discharge averaged over the period of one year does not exceed
the limits specified in 10 CFR 20, Appendix B, for unrestricted
areas.

2.

Prior to release of liquid waste, a sample shall be taken, and
analyzed to provide the data necessary to insure compliance with
A.1 above.
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3.

During release of liquid radioactivity wastes, at least one
condenser circulating water pump shall be in operation.

4.

The maximum release rate of radioactive liquid effluents for
eight hours shall not exceed 10 times the annual average
concentration limit given in A.1 above.

B.

Gaseous Wastes

1.

The release rates of gaseous wastes averaged over a period of
one year shall be limited as follows:

-53
1.3 x 10

3i0

Qi_

(sec/m 3 ) x (

<C)1.0
1

where Qi is the annual release rate (Ci/sec) of any radioisotope,
i, and (MPC) i in units of PCi/cc as listed in Column 1, Table
II of Appendix B to 10 CFR 20, except that for isotopes of iodine
and particulates with half lives greater than 8 days, the values
of (NPC) i shall be reduced by a factor of 700.
2.

The release rate averaged over any quarter of one hour shall
not exceed ten times the yearly average limit.

3.

Prior to release of gaseous wastes, the contents of the gas holdup
tank shall be sampled and analyzed to provide the necessary data
to insure compliance with Bl and B2 above.

4.

During release of gaseous wastes to the plant vent, the following
conditions shall be met:

a.

At least one auxiliary building exhaust fan shall be in operation.

b.

Either gross activity monitor shall be in operation to monitor
gaseous effluent in the plant vent or additional sampling
will be performed prior to release to further ensure compliance
with Bl and B2 above.
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5.

The inventory of noble gases in any gas or liquid tank shall
not exceed 16,500 curies of equivalent Xe-133.

6.

During power operation, whenever the air ejector discharge
monitor is inoperabl e, samples shall be taken from the air
ejector discharge and analyzed for gross activity on a daily
basis, 5 days per week, and whenever there is indication of
primary to secondary leakage, and either the reactor coolant
activity or the primary to secondary leakage increases by a
factor of 2 or greater.

Basis
Liquid wastes from the radioactive Waste Disposal System are diluted
in the Circulating Water System discharge prior to release to the river.()
With all six pumps operating, the rated capacity of the Circulating
Water System is 840,000 gpm. Operation of one circulating water pump
reduces the nominal flow rate to about 20%. The actual circulating
water flow under various operating conditions will be calculated from
the head differential across the pumps and the manufacturer's head
capacity curves.

The concentrations in the circulating water discharge
will be 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.
It is expected that the Plant Operating Procedures will allow releases
of radioactive material and effuents to be small fractions of the limits
specified in 10CFR20 and it is expected that the actual liquid release rates
will result in an annual average concentration in the circulating water
discharge of less t-han 1/10 MPG. Thus, discharge of liquid wastes at the
specified annual ave rage concentrations will not result in significant exposure
to members of the public as a result of consumption of drinking water from
the river, even if the effects of potable water treatment systems on reducing
radioactive concentration of the water supply is neglected.
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Buildup of long-lived radioisotopes in the river and reconcentration
by aquatic organisms in the human food chain has also been considered.
Using conservatively high estimates of reconcentration of radio-isotopes
in fish and of human consumption of fish, it is concluded that the annual
average release of liquid wastes may equal-*the 10 GFR 20 guidelines without
causing any identifiable problems.

"While some species of rooted vegetation,

and filter feeding molluscs, concentrate some of the radioactive components
of a reactor effluent in the Hudson, none of these species are used for
human or animal consumption.

Fish, on the other hand, while possible

sources of food, do not demonstrate accumulation of the nuclides in
question. For both manganese and cobalt there is a natural barrier to
absorption in the gut of fish which restricts-their uptake of these
elements. In fact, much of the reported concentration of the radio
elements may be located only in undigested gut residues rather than in
the fish flesh which may be consumed. Hence the potential contamination
of diet from this source is miniscule." (4 ) This will be continually monitored
by the environmental surveillance program (as defined in Specification 4.10).
(2)
is not anticipated
,it
However, because of the flow in the Hudson River
that any appreciable reconcentration will occur.
Prior to release to the atmosphere, gaseous wastes from the radioactive
Waste Disposal System are mixed in the plant vent with the flow from at
least one of two auxiliary building exhaust fans.

Further dilution then

occurs in the atmosphere.
The formula prescribed in specification B-1 takes atm ospheric dilution
into Account and ensures that at any point on or beyond the site boundary
the requirements of 10 CFR 20 will be satisfied.

The limit is based on

releases from both Indian Point No. 1 and No. 2 using the worst sector
yearly average value of XIQ and the closest site boundary. For Indian
Point No. 2 alone a XIQ of 1.3 x 10 -5sec/in3 would result in just achieving
10 CFR 20 limits at the site boundary. This value has been increased by
10% to Account for Indian Point No. 1 releases. The Indian Point No. 1
allowable release rate will be reduced accordingly so that at the closest
point on the site boundary 90% of the concentrations allowed by 10 CFR 20
will be contributed by Indian Point No. 2 and 10% will be contributed by
Indian Point No. 1.
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Restricting the maximum inventory of noble gases in any gas or liquid tank
to 16,500 curies equivalent Xe-133 (or 15% of the total maximum Reactor
Coolant System inventory), will result in a total off-site exposure of
less than 0.5 rem for complete release of the noble gas activity stored in
the tank. (3)

References

(1)

FSAR Section 10.2.4

(2)

FSAR Section 2.5

(3)

FSAR Section 14.2.3

(4)

Development of a biological monitoring system and a survey of trace
metals, radionucldes and pesticide residues in the lower Hudson
River. - M. Eisenbud and G. P. Howells - Institute of Environmental
Medicine New York University Medical Center - Oct. 10, 1969
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3.1i0

CONTROL ROD AND POWER DISTRIBUTION LIMITS

Applicability:

Applies to the operation of the control rods and power distribution
limits.

Objective:

To ensure (1) core subcriticality after a reactor trip, (2) limited
potential
reactivity insertions from a hypothetical control rod ejection,
and (3)
an acceptable core power distribution during power operation.

Specification:

3.10.1

Control Rod Insertion Limits

3.10.1.1

When the reactor is subcritical prior to startup, the hot shutdown
margin shall be at least that shown in Figure 3.10-3. The shutdown
margin as used here is defined as the amount by which the reactor
core would be subcritical at hot shutdown conditions if all control
rods were tripped, assuming that the highest worth control rod
remained fully withdrawn, and assuming no changes in xenon, boron,
or part-length rod position.

3.10.1.2

When the reactor is critical, except for physics tests and control
rod exercises, the shutdown control rods shall be fully withdrawn.

3.10.1.3

When the reactor is critical, except for physics tests and control
rod exercises, the control group rods shall be no further inserted
than the limits shown by the solid lines on Figure 3.10-1 for
4
loop operation and on Figure 3.10-2 for 3 loop operation.

3.10-1

3.10.1.4

During physics tests and control rod exercises, the insertion
limits need not be observed, but the Figure 3.10-3 must be
observed.

3.10.2
.3.10.2.1

Power Distribution Limits and Misaligned Control Rod

If the quadrant to average power tilt ratio exceeds 1.1 except
for physics tests, or:
If a part length or full length control rod is more than 15
inches out of alignment with its bank, then within eight hours:
a.

The situation shall-be corrected, or

b.

The-hot channel factors shall be determined and maximum
allowable power shall be reduced one percent for each
percent the hot channel factor exceeds the design values of

FqN= 3.12:
C.

FNAH

=

1.75, orI

Power shall be limited to 75% of rated power for 4 loop
operation or 55% of rated power for 3 loop operation.

3.10.2.2.

If after a period of 24 hours, the power tilt ratio in 3.10.2.1
is not corrected to less than 1.1:
a.

An evaluation of the cause of the discrepancy shall be
made and reported to the Atomic Energy Commission, and

b.

The nuclear overpower, overpower AT and overtemperature
AT trips shall be reduced one percent for each percent the
operating power level has been reduced.

3.10-2

3.10.2.3

If the quadrant to average power tilt ratio exceeds 1.25, the
reactor shall be put in the hot shutdown condition utilizing
normal operating procedures and the Atomic Energy Commision notified.
Low power operation for purposes of accomplishing correction
of tilt is permitted (less than 50% of rated power).

3.10.3

Rod Drop Time

3.10.3.1

The drop time of each control rod shall be no greater than 1.8
seconds at full flow and operating temperature from the beginning
of rod motion to dashpot entry.

3.10.4

Inoperable Control Rods

3.10.4.1

A control rod shall be deemed inoperable if (a) the rod is misaligned
by more than 15 inches with its bank or (b) if the rod cannot
be moved by its drive mechanism (c) if its rod drop time is not met.

3.10.4.2

No more than one inoperable control rod shall be permitted during
power operation.

3.10.4.3

If a control rod cannot be moved by its mechanism, boron concentration
shall be changed to compensate for the withdrawn worth of the
inoperable rod such that a shutdown margin equal to or greater
than shown on Figure 3.10-3 results.

3.10.5

Rod Position Monitor
a.

If the rod position deviation monitor is inoperable,
individual rod positions shall be logged once per shift
and after a load change greater than 10 pe rcent of rated
power.

3.10-3

Basis:
The reactivity control concept is

that reactivity changes accompanying changes

in reactor power are compensated by-control rod motion.

Reactivity changes

associated with xenon, samarium, fuel depletion, and large changes in reactor
coolant temperature (operating temperature to cold shutdown) are compensated
by changes in the soluble boron concentration. During power operation, the
shutdown groups are fully withdrawn and control of reactor power is by the
control groups.

A reactor trip occurring during power operation will put

the reactor into the hot shutdown condition.

The control rod insertion limits provide for achieving hot shutdown by reactor
trip at any time, assuming the highest worth control rod remains fully withdrawn,
with sufficient margins to meet the assumptions used in the accident analysis.~ 1
In addition, they provide a limit on the maximum insert ed rod worth in the
unlikely event of a hypothetical rod ejection, and provide for acceptable
nuclear peaking factors.

The lines shown on Figures 3.10-1 and 3.10-2 meet

the shutdown requirement for the first and subsequent cycles.

The maximum

shutdown margin requirement occurs at end of cycle life and is based on
the value used in

analysis of the hypothetical steam break accident.

Early

in cycle life, less shutdown margin is required, and Figure 3.10-3 shows
the shutdown margin equivalent to 1.95% reactivity at end-of-life with respect
to an uncontrolled cooldown.

All other accident analyses are based on 1%

reactivity shutdown margin.
Positioning of the part-length rods is governed by the requirement to maintain
the axial power shape within specified limits or to accept an automatic
cutback of the overpower AT set points (see Specification 2.3). Thus, there
is no need for imposing a limit on the physical positioning of the part
length rods.

The various control rod banks (shutdown banks, control banks A, B, C, D,
and part-length rods are each to be moved as a bank, that is, with all rods
in the band within one step (5/8 inch) of the bank position.
indication is provided by two methods:

Position

a digital count of actuation pulses

which shows the demand position of the banks and a linear position indicator

3.10-4

(LVDT) which indicates the actual rod position. (2)

The 15-inch permissible

misalignment provides an enforceable limit below which design distribution
is not exceeded.

In the event that an LVDT is not in service, the effects

of a malpositioned control rod are observable on nuclear and process
information displayed in the control room and by core thermocouples and
in-core movable detectors. Determination of the core hot channel factors

can

be obtained by the operator, through hand analysis utilizing the incore
instrumentation system.

Standard procedures are followed in the determination

of the core hot channel factors.
rod misalignment

Eight hours is acceptable since complete

(part-length or full-length control rod 12 feet out

of alignment with its bank) does not result in exceeding core limits
iNL steady
state operation at rated power.

The eight hour permissible limit on operation

is short with respect to probability of an independent accident, but
l9ng enough
to determine hot channel factors. If the condition cannot be readily
corrected,
the specified reduction in power to 75% will insure that design margin
to core
limits will be maintained under both steady-state and anticipated transient
conditiobs.

A quadrant to average power tilt will be indicated by the excore detectors.
The excore current tilt is indicated by the arrangement of the current
recorders
on the control board.

Four 2-pen recorders are provided, the pens are grouped

so that, in the absence of a tilt, the two ink traces coincide.
in the traces indicates a power tilt.

Any divergence

Furthermore, a maximum-to-average

alarm is provided for the upper and lower sets of excore currents. A
power
tilt ratio of 1.1 is not expected to result in peaking factors greater
than
design under expected operating conditions.

Analyses indicate an increase

in peaking factor of 40 percent will not result in violation of safety
limits
during normal operation.

If, instead of determining the hot channel factors, the operator chooses
simply
to reduce power, the specified limit of 75% power maintains the minimum
design
margin to core safety limits for up to a 1.25 power tilt ratio. Resetting
of
the overpower trip set points ensures that the protection system basis
is maintained
for sustained plant operation.
a serious

A tilt ratio of 1.25 or more is indicative of

performance anomaly and a plant shutdown is prudent.

3.10-5

The specified rod drop time is consistent with safety analyses that have
been performed (1)

An inoperable rod imposes additional demands on the operator.

The permissible

number of inoperable control rods is limited to one in order to limit the
magnitude of the operating burden, but such a failure would not prevent
dropping of the operable rods upon reactor trip.

References
(1)

FSAR

-

Section 14

(2)

FSAR

-

Section 7.3
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3.11

MOVABLE IN-CORE INSTRUMENTATION

Applicability

Applies to the operability of the movable detector instrumentation
system.

Objective

To specify functional requirements on the use of the in-core instrumentation
system, for the recalibration of the excore axial off-set detection system.

Specification

A.

A minimum of 2 thimbles per quadrant and sufficient movable in-cole
detectors shall be operable during re-calibration of the excore axial
off-set detection system.

B.

Power shall be limited to 90% of rated power for 4 loop or 65% of
rated power for 3 loop operation if re-calibration requirements
for excore axial off-set detection system, identified in
Table 4.1-1, are not met.

Basis

The Movable In-core Instrumentation System
and 50 thimbles in the core.
thimbles.

has six drives, six detectors,

Each detector can be routed to sixteen or more

Consequently, the full system has a great deal more capability

than would be needed for the calibration of the ex-core detectors.
To calibrate the excore detectors system, it is only necessary that the
Movable In-core System be used to determine the gross power distribution
in the core as indicated by the power balance between the top and bottom
halves'of the core.

3.11-1

After the excore system is calibrated initially, recalibration is needed
only infrequently to compensate for changes in the core, due for example
to fuel depletion, and for changes in the detectors.

If the recalibration is not performed, the mandated power reduction assures
safe operation of the reactor since it will compensate for an error of
10% in the excore protection system.

Experience at Beznau No. 1 and

R. E. Ginna plants has shown that drift due to changes in the core or
instrument channels is very slight.

Thus the 10% reduction is considered

to be very conservative.

Reference

(1)

FSAR - Section 7.4

3.11-2

4

SURVEILLANCE REQUIREMENTS

4.1

OPERATIONAL SAFETY REVIEW

Applicability

Applies to items directly related to safety limits and limiting conditions
for operation.

Objective

To specify the minimum frequency and type of surveillance to be applied
to plant equipment and conditions.

Specification

A.

Calibration, testing, and checking of analog channel and testing
of logic channel shall be performed as specified in Table 4.1-1.

B.

Sampling and equipment tests shall be conducted as specified in
Table 4.1-2 and 4.1-3, respectively.

Basis

A.

Check

Failures such as blown instrument fuses, defective indicators, faulted
amplifiers which result in "upscale" or "downscale" indication
can be easily recognized by simple observation of the functioning
of an instrument or system.

Furthermore, such failures are, in

many cases, revealed by alarm or annunciator action, and a check
supplements this type of built-in surveillance.

4.1-1

Based on experience in operation of both conventional and nuclear plant
systems, when the plant is in operation, the minimum checking frequency
of once per shift is deemed adequate for reactor and steam system
instrumentation.

Calibration

Calibrations are performed to ensure the presentation and acquisition
of accurate information.
The nuclear flux (linear level) channels are calibrated daily against
a heat balance standard to account for errors induced by changing rod
patterns and core physics parameters.
Other channels are subject only to the "drift" errors induced within the
instrumentation itself and, consequently, can tolerate longer intervals
between calibration. Process system instrumentation errors induced by
drift can be expected to remain within acceptable tolerances if
recalibration is performed at intervals of each refueling shutdown.
Substantial calibration shifts within a channel (essentially a channel
failure) will be revealed during routine checking and testing procedures.
Thus, minimum ca libration frequencies of once-per-day for the nuclear
flux (linear level) channels, and once each refueling shutdown for the
process system channels is considered acceptable.
Testing
The minimum testing frequency for those instrument channels connected
to the safety system is based on an average unsafe failure rate of

4.1-2

2.5 x 10

- 6

failure/hrs.

per channel.

at conventional and nuclear plants.

1is

is

based on operating experience

An unsafe failure is defined as one

which negates channel operability and which, due to its nature, is revealed
only when the channel is tested or attempts to respond to a bona
fide signal.
For a specified test interval W and an M out of N redundant system
with
identical and independent channels having a constant failure rate
X, the
average availability A is given by:

W

w

W

N-

)Q

(Xw) N-M+l

N!

(N-M+2) ! (M-l)

where A is defined as the fraction of time during which the system is
functional, and Q is the probability- of failure of such a system during.
a time interval W.,
For a 2-out-of-3 system A = 0.99983, assuming a channel, failure rate,
X, equal to 2.5 x 10- 6 hr - and a test interval, W, equal to. 4320 hrs.
This average availability of the 2-out-of-3 system is high, hence the
test interval of six months, is acceptable.
Because of their greater degree of redundancy,, the l/3 and 2/4 logic
arrays provide an even greater measure of protection and are thereby

acceptable for the same testing interval. Those items specified for
semi-annual testing are associated with process components where other
means of verification provide additional assurance that the channel is
operable, thereby requiring less frequent testing.

4.1-3

TABLE 4.1-1
MINIMUM FREQUENCIES FOR CHECKS, CALIBRATIONS AND
TESTS OF INSTRUMENT CHANNELS

1.

Channel
Description

Check

Calibrate

Nuclear Power Range

S

D (1)

Test
S.A.

Remarks

(2)

1) Heat balance calibration
2) Signal to AT; bistable
action (permissive, rod
stop, trips)
3) Upper and lower chambers for
axial off-set

Q*(3)

2.

Nuclear Intermediate Range

s (W)

N.A.

P (2)

1) Once/shift when in service
2) Log level; bistable action
(permissive, rod stop, trip)

3.

Nuclear Source Range

s (1)

N-.A.

P (2)

1) Once/shift when in service
2) Bistable action (alarm, trip)

4.

Reactor Coolant Temperature

S

R

S .A. (1)
(2)

5.

Reactor Coolant Flow

S

R

S.A.

6.

Pressurizer Water Level

S

R

S.A.

7.

Pressurizer Pressure(High and Low)

S

R

S.A.

8.

6.9 Kv Voltage & Frequency

N.A.

R

S.A.

9.

Analog Rod Position

* By means of the moveable incore detector system

S.A.

1) Overtemperature-AT
2) Overpower-AT

Reactor protection circuits
only

TABLE 4.1-1 (CONTINUED)
Channel
Description

Check

Calibrate

Test

Remarks

10.

Rod Position Bank Counters

S

N.A.

N.A.

With analog rod position

11.

Steam Generator Level

S

R

S.A.

N.A.

R

N.A.

R

W

R

W

R

W

R

12.

Charging Flow

13.

Residual Heat Removal Pump Flow

14.

Boric Acid Tank Level

15.

Refueling Water Storage Tank Level

16.

Boron Injection Tank Level

17.

Volume Control Tank Level

18.

(a)
(b)

19.

Containment Pressure
Containment Pressure

N.A.
D
S

R
R
R

N.A.
N.A.
N.A.

Bubbler tube rodded during calibration

N.A.
N.A.
N.A.
S.A.

S..A.

Process and Area Radiation Monitor
ing Systems

D

Q

20.

Boric Acid Make-up Flow Channel

N,A.

N.A.

21.

Containment and Recirculation
Sump Level

N.A.

N.A.

22.

Accumulator Level and Pressure

S

N.A.

23.

Steam Line Pressure

S

S.A.

Wide range
Narrow range

TABLE 4.1-1 (CONTINUED)

NOTE:

Channel
Description

Check

Calibrate

Test

Turbine First Stage Pressure

S

R

M

Environmental Radiation Monitors

W

N.A.

N.A.

Logic Channel Testing

N.A.

N.A.

M

Turbine Overspeed Protection
Trip Channel (Electrical)

N.A.

R

M

Specified intervals may be'adjusted plus or minus 25% to accommodate normal test schedules.

S - Each Shift
D - Daily
W - Weekly
NA'-

Remarks

Not applicable

M - Monthly
Q - Quarterly
S. A. - Semi-annually
R - Each Refueling Shutdown

P

-

Prior to each startup if not done previous week

TABLE 4.1-2
FREQUENCIES FOR SAMPLING TESTS

Check

Frequency

Maximum Time
Between Tests

1.

Reactor Coolant Samples

Gross Activity (1)
Radiochemical (2)
E Determination
Tritium Activity
Cl & 02

5 days/week
Monthly
Semiannually (3)
Monthly
Weekly

2.

Reactor Coolant Boron

Boron concentration

Twice/week

3.

Refueling Water Storage
Tank Water Sample

Boron concentration

Monthly

4.

Boric Acid Tank

Boron concentration

Twice/week

5.

Boron Injection Tank

Boron concentration

Monthly

45 days

6.

Spray Additive Tank

NaOH concentration

Monthly

45 days

7.

Accumulator

Boron concentration

Monthly

45 days

8.

Spent Fuel Pit

Boron concentration

Prior to Refueling

9.

Secondary Coolant

Iodine-131

Weekly (4)

3 days
45 days
30 weeks
45 days
10 days
5 days
45 days

5 days

NA*
10 days

(1)

A gross activity analysis shall consist of the quantitative measurement
of the total radioactivity of the primary coolant in units of pCi/cc.

(2)

A radiochemical analysis shall consist of the quantitative measurement
of each radionuclide with half life greater than 30 minutes making up at
least 90% of the total activity of the primary coolant.

(3)

E determination will be started when the gross activity analysis indicates
> 10 PCi/cc and will be redetermined if the primary coolant gross radio
activity changes by more than 10 lCi/cc in accordance with Specification
3.1D.

(4)

When the iodine-131 activity exceeds 10% of the limit in Specification
3.4A the sampling frequency shall be increased to a minimum of once
each day.

*.NA - Not Applicable

TABLE 4.1-3
FREQUENCIES FOR EQUIPMENT TESTS

Check
1. Control Rods

Frequency

Maximum Time
Between Tests

Rod drop times of
all full length rods

Each refueling

2. Control Rod

Partial movement of
all full length rods

Every 2 weeks
during reactor
critical operations

20 days

3. Pressurizer Safety
Valves

Set point

Each refueling shut
down

NA

4. Main Steam Safety Valves

Set point

Each refueling shut
down

NA

5. Containment Isolation
System

Automatic
Actuation

Each refueling shut
down

NA

6. Refueling System
Interlocks

Functioning

Prior to each
refueling shut
down

NA

7. Fire Protection System.
and Power Supply

Functioning

Annually

18 months

8.

Evaluate

5 days/week

9. Diesel Fuel Supply

Fuel Inventory

Weekly

10 days

10. Turbine Steam Stop,
Control Valves

Closure

Monthly

45 days

*NA

Primary System Leakage

-

Not Applicable

NA *

shutdown

REACTOR COOLANT SYSTEM IN-SERVICE INSPECTION

Applicability

Applies to preoperational and in-service structural surveillance of the
reactor vessel and reactor coolant system boundary.

Objective
To assure the continued integrity of the reactor coolant system boundary.

Specifications
1.

Prior to initial plant operation, an ultrasonic, a survey, using
visual, and surface techniques shall be made to establish preoperational
system integrity and establish baseline data.

2.

The inspection interval shall be 10 years.

3.

In-service nondestructive inspections listed in Table 4.2.1 shall
be performed as specified.

The results obtained from compliance

with this specification shall be evaluated after 5 years and the
conclusions of this evaluation shall be reviewed with the AEC.
4.

The structural integrity of the reactor coolant system boundary shall
be maintained at the level required by the original acceptance standards
throughout the life of the plant.

Any evidence as a result of the

inspections listed in Table 4.2.1, that defects have initiated or
grown shall be investigated, including evaluation of comparable areas
of the reactor coolant system.

4.2-1

5.

The following definitions shall apply to the inspection methods to be
employed in Table 4.2-1:

(1) UT

-

Volumetric examination using ultrasonic techniques.

(2) RT

-

Volumetric examination using radiography.

(3) PT

-

Surface examination using liquid penetrant methods.

(4) V

-Visual

examination by direct vision or by means of remote

viewing devices.

(5) IV -Indirect

visual examination performed during periods when the

Reactor Coolant System is subjected to hydrostatic test pressures.

6.

Detailed records of each inspection shall be maintained to allow
comparison and evaluation of future inspections.

4.2-2

TABLE 4.2.1-1
INSERVICE INSPECTION REQUIREMENTS FOR INDIAN POINT NO,

2

Component and

Examination

Extent and Frequency of

Examination Area

Method

Examination -(1)

V and UT

The examination performed during each inspection
interval shall cumulatively cover the entire number

A.

Reactor Vessel (2)

1. Closure studs and nuts

of studs and nuts.
2. Cladding

-

Six patches

The examination performed during each inspection

(each 36-'square inches)

interval shall include all of the patch areas subject

evenly distributed in

to examination.

accessible sections of
the vessel shell
3.

Instrument penetrations

The extent of examination shall include twenty-five

at bottom of vessel

percent of the penetrations in the vessel during the
inspection interval.

4. Primary nozzle to safe

The individual examination performed during each

end welds and safe-end

inspection shall cover 100 percent of the circumference

to reactor coolant pipe

of-the safe-end welds.

welds

shall be examined during the inspection interval.

All of the safe-end welds

TABLE 4.2.1-1 (Continued)

Component and

Examination

Extent and Frequency of

Examination Area

Method

Examination (1)

5.

Interior surfaces,

The examination of interior vessel surfaces, internals,

internals and integrally

and the space below the reactor core, which are made

welded internal supports

accessible for examination by the removal of components
during normal refueling outages shall be performed
during each refueling period.

Where access to the

space below the reactor core during normal refueling
outages precludes inspection of this space, at least
one examination, at or near the end of each inspection
interval, shall be conducted under conditions which
enable inspection.
B. Reactor Vessel Head

1. Head to flange
circumferential weld

The individual examinations performed during each
inspection interval shall cumulatively cover 100
percent of the weld.

2. Control rod drive and
instrument penetrations

The examinations performed during each inspection
interval shall cumulatively cover at least 25 percent
of the total number of penetrations.

3. Control rod drive housing
pressure containing welds

The examination performed during each inspection
interval shall cumutalively cover at least 25 percent
of the total number of such housings.

TABLE 4.2.1-1 (Continued)
Component and

Examination

Examination Area

4.

,Method

Cladding - six patches

Extent and Frequency of
Examination (1)-

V and PT

Same as A-,

V and UT

The examination performed during each inspection

(each 36 square inches)
evently distributed in the
closure head

C.

Pressurizer

1.
U'

(3)

Longitudinal and
circumferential welds

interval shall cover at least 10 percent of the
length of each longitudinal weld and 5 percent of
the length of each circumferential weld.

2.

Heater connections

IV

The extent of examination shall include 25 percent
of the penetrations during the inspection interval.

3.

Pressure retaining

V and UT

bolting under 2 inches
in diameter

4.

Interior cladding , one
patch (36 square inches)
near the manway

The extent of the examination performed during each
inspection interval shall cumulatively cover the entire
number of bolts, studs and nuts.

V

The examination of the patch may be performed at or
near the end of the inspection interval,

TABLE 4.2.1-1 (Continued)

Component and

Examninat ion

Extent and Frequency of

Examination Area

Method

Examination (1)

5. Nozzle to vessel welds

The extent of examination shall cover all of the
accessible nozzles during each refueling outage.

6.

Integrally welded

The examination of the vessel support skirt during
each inspection interval shall be, at least 10

vessel supports

percent of the lineal feet of welding to the vessel.
D.

Steam Generators

1. Tube sheet to head weld

V and UT

The examination performed during each inspection
interval shall cover at least 10 percent of the length
of the weld.

2. Pressure retaining bolting

V and UT

Same as C-3.

V and PT

The-examination performed during each inspection

under 2 inches in diameter
3. Integrally welded vessel
supports

interval shall be, at least, 10 percent of the lineal
feet of welding to the vessel.

4. Interior cladding

-one

patch (36 square inches)
near each manway

V

The examination of the patches may be performed at or
near the end of inspection interval.

TABLE 4.2.1-1 (Continued)
Component and

Examination

Extent and Frequency of

Examination Area

Method

Examination (1)

V and UT

The examinations performed during each inspection

E.

CVrS Regenerative Heat Exchanger
1.

Longitudinal and circum
ferential welds, including

2.

tube sheet to head and tube

interval shall cover at least 10 percent of the
length of each longitudinal weld and 5% of the length

sheet to shell welds

of each circumferential weld.

Supports and hangers

The examination performed during each inspection
interval shall cumulatively cover all support members
and structures.

F.

Piping Pressure Boundary
1.

Circumferential and

V and UT

The examination performed during each inspection

longitudinal pipe welds

interval shall cumulatively cover 25 percent of the

(excluding sampling and

total number of circumferential Joints, selectively

instrumentation piping,

distributed within the system boundary.

and thermowells, and all

of longitudinal Joints, the examination shall include

other piping 2 inches in

one foot of weld from the intersection with the

diameter and smaller).

circumferential weld selected for examation.

In the case

TABLE 4.2.1-1 (Continued)

Component and

Examination

Extent and Frequency of

Examination Area

Method

Examination (1)

V and IV

Same as F-I.

V and UT*

Same as C-3.

UT or PT and V

The examination required to be pe'rformed during each

2.

Sampling and instrumentation
piping welds,

3.

and thermowells

Pressureretaining bolting
under 2 inches in diameter

4.

Integrally welded supports

inspection interval shall cumulatively cover 25 percent
-'S

of the total number of integrally welded supports within
the system boundary.
5.

G.

Piping supports and hangers

V

Same as E-2.

UT or RT and V

The examination performed during each inspection

Pump Pressure Boundary

1.

Pump casing welds

interval shall include 100 percent of the pressure
containing welds in, at least, one pump (with pressure
containing welds) in each group of pumps performing
similar functions in the system.

The examination of

the welds may be performed at or near the end of the
inspection interval.
*

UT down to and including i- 7/8 inches in diameter only

0
TABLE 4.2.1-l (Continued)

Component and

Examination

Extent and Frequency of

Examination Area

Method

Examination (1)

2.

Pump casings

The internal surfaces of one disassembled pump, (with
or without pressure containing welds) in each of the
group of pumps performing similar functions in the
system shall be visually examined during each inspection
interval.

The examinations of pump casings may be

performed at or near the end of the inspection and may
be performed on the same pump selected for the volumetric
examination of pressure containing welds.

3.

Pressure retaining

V and UT

The examination performed during each inspection

bolting 2" and larger in

interval shall cumulatively cover the entire number of

diameter

bolts and studs.

Examination of bushings, threads and

ligaments in base material of flanges may be performed
from a face of the flange and are required to be
examined only when the connection is disassembled.

4.

Pressure retaining bolting

V and UT*

Same as C-3.

UT or PT and V

Same as F-4.

under 2" in diameter

.V*
J

5.

Integrally welded supports

6.

Supports and hangers

T down. to and including 1-7/8, inches in diameter only,

Same as E-2.

TABLE 4 2.1-1 (Continued)

Component and

Examination

Extent and Frequency of

Examination Area

Method

Examination (1)

V and UT

The examinations performed during each inspection

H.

Valve Pressure Boundary

1.

Valve body welds on valves
3" and over in nominal pipe

interval shall include 100 percent of the pressure

size

containing welds in at least one valve (with
pressure containing welds), in each group of valves
of the same construction design, manufacturing method
and manufacturer, performing similar functions in the
system.

The examination may be performed at or near

the end of each inspection interval.

2.

Valve bodies on valves 3"

The internal surfaces of one disassembled valve (with

V

and over in nominal pipe

or without pressure containing welds) in each of the

size

group of valves of the same construction, design,
manufacturing method, manufacturer and performing
similar functions in the system shall be examined
during each inspection interval.

The examination of

the valve bodies may be performed on the same valves
selected for volumetric examination of the pressure
containing welds.

0

TABLE 4.2.1-

(Continued)

Component and

Examination

Extent and Frequency of

Examination Area

Method

Examination (1)

V and UT*

Same as C-3.

UT or PT and V

Same as F-4.

3.

Pressure retaining bolting
under 2" in diameter

I.

4.

Integrally welded supports

5.

Supports and hangers

Same as E-2.

Excess Letdown Heat Exchanger
1.

Longitidinal and circum

V and UT

Same as E-1.

V

Same as C-3

ferential welds including
shell to flange weld
2.

Pressure retaining bolting
under 2" in diameter

3.
J.

K.

Supports and hangers

Same as E-2.

Reactor Vessel Irradiation

charpy V-notch,

Capsule

Replacement of 1st region of core

Specimens

tensile and wedge

Capsule

Replacement of 2nd region of core

opening loading (WOL)

Capsule

Replacement of 4th region of core

Capsule

End of the 10th year of operation

Capsule

End of the 15th year of operation

Capsule

End of the 20th year of operation

Primary Pump Flywheel

V and UT

The flywheel shall be visually examined at the first
refueling.

*

UT down to and including 1-7/8 inches in diameter
only.

At the fourth refueling the outside

surface shall be expnined by ultrasonic methods.

NOTES
1.

With the exception of those components or areas for which the
examination may be deferred to the end of the inspection interval,
at least 25 percent of the required examinations shall have been
completed by the expiration of one-third of the inspection interval
(with credit for no more than 33 1/3 percent if additional
examinations are completed) and at least 50 percent shall have been
completed by the expiration of two-thirds of the inspection interval
(with credit for no more than 66 2/3 percent).

The remaining required

examinations shall be completed by the end of the inspection interval.
Successive inspections shall meet the requirements of paragraph ISI-243
of the ASME Rules for In-Service Inspection of Nuclear Reactor Coolant
Systems.

2.

Examination of certain reactor vessel areas such as longitudinal
and circumferential shell welds, vessel to flange weld, primary
nozzle to vessel welds, etc., require the use of equipment and
techniques which have not as yet been fully developed.

In anticipation

that such equipment and techniques will be developed within the next
several years to the point of practical application, a preoperational
ultrasonic survey of these areas within the reactor vessel will be made
to establish baseline data.

3.

Examination of the pressurizer longitudinal and circumferential welds
will be performed on accessible portions of the pressurizer shell.
Approximately 50 percent of the shell is enclosed in a biological and
missile shield and is therefore not accessible for examination.
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4.3

REACTOR COOLANT SYSTEM INTEGRITY TESTING

Applicability

Applies to test requirements for Reactor Coolant System integrity.
Objective

To specify tests for Reactor Coolant System integrity after
the system
is closed following normal opening, moditication or repair.

Specification

a)

When the Reactor Coolant System is closed after it has been
opened,
the system will be leak tested at not less than 2335 psig
at NDT
requirements for temperature.

b)

When Reactor Coolant System modifications or repairs have
been made
which involve new strength welds on components greater than
2 in.
diameter the new welds will receive a surface and 100% volumetric
examination and

c)

meet applicable code requirements.

When Reactor Coolant System modifications or repairs have
been made
which involve new strength welds on components 2 in. diameter
or
smaller, the new welds will receive a surface examination
and meet
applicable code requirements.

Basis

For normal opening the integrity of the system, in terms
of strength,
is unchanged. If the system does not leak at 2335 psig (Operating
pressure
+ 100 psi: + 100 psi is normal system pressure fluctuation),
it will be
leak tight during normal operation.
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For repairs on components greater than 2 in. diameter, the thorough
non-destructive testing gives a very high degree of confidence in the
integrity of the system, and will detect any signficant defects in
and near the new welds.

Repairs on components 2 in. diameter or smaller are relatively minor
in comparison and the surface examination assures a similar standard of
integrity.

In all cases, the leak test will ensure leak tightness

during normal operation.

4.3-2

4.4

CONTAINMENT TESTS

Applicability

Applies to containment leakage.

Objective

To verify that potential leakage from the containment is maintained within
acceptable values.

Specification

I.

Integrated Leakage Rate Test - Pre-operational

A.

Integrated Leakage Rate Tests

1.

Integrated leakage rate tests shall be performed priorito
initial plant operations at the containment design pressure
(P ) of 47 psig and at a reduced test pressure (P ) of 23.5

p

t

psig to establish the respective measured leakage rates L

pm

and L

2.

tm

The test duration shall not be less than 24 hours for integrated
leakage rate measurements, and shall be extended a sufficient
period of time to verify, by superimposing a known leak rate
on the containment, the validity and accuracy of the leakage
rate results.

3.

The leakage test will be performed with the double penetration
and weld channel zones open to the containment atmosphere.

4.

The governing criterion for acceptance is that the maximum
allowable post-accident leakage rate (La ) shall not exceed
0.1 weight percent per day of containment steam-air

atmosphere at 47 psig and 271 0 F, which-a-re-the-maximum
conditions of the design basis accident.
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B.

Sensitive Leakage Rate Test

1.

A sensitive leakage rate test shall be conducted with the pene
trations, weld channels and certain double gasketed seals
and isolation valve interspaces at 50 psig and with the
containment building at atmospheric pressure.

2.

The test shall be considered satisfactory if the leak rate
forthe double penetrations, weld channel and other pressur
ized zones is equal to or less than 0.2% of the containment
free volume per day.

II

Integrated Leakage Rate Test - Postoperational

A.

Integrated Leakage Rate Test

1.

The integrated leakage rate tests shall be performed at
intervals specified in 4.4.II.A.6(a) at an initial pressure
(beginning of test) at or above 23.5 psig (50% of design
pressure).

2.

The test duration shall not be less than 24 hours, and shall
be extended a sufficient period of time to verify, by super
imposing a known leak rate on the containment the validity
and accuracy of the leakage rate results.

3.

The test shall be performed without preliminary leak detection
surveys or leak repairs.

Leak repairs, if required during

the integrated leakage rate test, shall be preceded whenever
possible by local leakage rate measurements.

The leakage rate

difference, prior to and after repair and corrected to the test
pressure (P ) shall be indicated in the report of test results.
t

4.

Closure of the containment isolation valves for the purpose
of the test shall be accomplished by the means provided for
normal operation of the valves.
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5.

Acceptance Criterion

(a)

The governing criterion for acceptance is that the
maximum allowable leakage rate, La , shall not exceed
0.10 weight percent per day of containment steam-air
atmosphere at 47 PSIG (Pa) and 271OF (T ) which are the

a

a

maximum conditions of the design basis accident.
(b)

The allowable operational leakage rate (Lto) which shall
be met prior to resumption of power operation following
a test (either as measured or following repairs and
retest) shall not exceed .75 Lt, where L t is defined
by II.A.5(c).

(c)

The allowable test leakage rate (Lt) at the reduced
test pressure shall not exceed the lesser of L
(e/p1/2.
(Ltm/Lpm) or La (P/P)'. The subscript m refers
to values of the leakage measured during pre-operational
tests.

The subscripts p and t refer to tests at accident

pressure and reduced pressure, respectively.

Subscript

a refers to accident conditions at accident pressure.

6.

Frequency

(a)

After the initial pre-operational leakage rate tests,
an integrated leakage rate test at pressure P shall
be performed approximately midway between the major shut
downs for inservice inspection conducted at 10 year
intervals.

In addition, an integrated leakage rate

test at pressure Pt shall be performed at the end of
the 10 year interval, coinciding with the inservice
inspection shutdown.

B.

Sensitive Leakage Rate Testj

A sensitive leakage rate test as defined in Specification 4.4.I.B
shall be performed during each shutdown for major fuel reloading.
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III.

Report of Test Results
Each integrated leakage rate test will be the subject of a summary
technical report, and will include a summary of Continuous leakage
rate measurements as well.

IV.

Continuous Leak Detection Testing via the Containment Penetration
and Weld Channel Pressurization System
1.

The upper limit for long-term uncorrected air consumption for
the pressurization system shall be 0.2% of the containment
volume per day (sum of four headers) at the system operating
pressure, contingent on the following:
a. Pressure in all pressurization zones is maintained above
incident pressure.
b. Air supply is maintained from the compressed air systems.
c. The full complement of standby nitrogen cylinders is
charged.

V.

Corrective Action
1.

If any time it is determined that the limit. of IV.l is exceeded,
repairs shall be initiated immediately.

2.

If repairs are not completed and conformance to the acceptance
criterion is not demonstrated within 7 days, the reactor shall
be shut down until repairs are effected and the continuous
leakage meets the acceptance criterion.

VI.

Isolation Valve Tests

Isolation valves shall be tested for operability at a frequency of
at least every refueling.

Isolation valves which are pressurized by

the Penetration and Weld Channel Pressurization System will be
leakage tested as part of the Sensitive Leakage Rate Test as described
in 4.4.I.B. above.4.-

VII.

Recirculation Heat Removal Systems

A.

Test

1.

(a)

The portion of the Residual Heat Removal System that
is outside the containment shall be tested either by
use in normal operation or hydrostatically tested at
350 psig at the interval specified in VII-D below.

(b)

Suction piping from the containment sump to the Residual
Heat Removal System shall be hydrostatically tested at
no less than 100 psig at the interval specified in
VII-D below.

2.

Visual inspection shall be made for excessive leakage during
these tests from components of the system,.

Any significant

leakage shall be measured by collection and weighing or by
another equivalent method.

B.

Acceptance Criterion

The maximum allowable leakage from the recirculation heat removal
system components (located outside the containment) shall not
exceed two gallons per hour.

C.

Corrective Action

1.

Repairs or isolation shall be made as required to maintain
leakage within the acceptance criterion of VII-B.

2.

If leakage is not reduced to the limits of VII-B during the
subsequent weekend, the reactor shall be placed in the hot
shutdown condition.

If the conditions of VII-B cannot be met during an additional
48 hours, the reactor shall be placed in the cold shutdown
condition.
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D.

Test Frequency

Tests of the recirculation heat removal system shall be conducted
at every refueling.

VIII.

Annual Inspection

A detailed visual examination of the accessible interior and
exterior surfaces of the containment structure and its components
shall be performed annually and prior to any integrated leak test,
to uncover any evidence of deterioration which may affect either
the containment's sturctural integrity or leak-tightness.

The

discovery of any significant deterioration shall be accompanied
by corrective actions in accord with acceptable procedures, non
destructive tests and inspections, and local testing where practical,
prior to the conduct of any integrated leak test.

Such repairs

shall be reported as part of the test results.

IX.

Containment Modifications

Any major modification or replacement of components of the containment
performed after the initial preoperational leakage rate test shall
be followed by either an integrated leakage rate test, or a local leak
detection test and shall meet the acceptance criteria of II.A and
I.B, respectively.

Modifications or replacements performed directly

prior to the conduct of an integrated leakage rate test shall not
require a separate test.

Bases

The containment is designed for an accident pressure of 47 psig.

While

the reactor is operating, the internal environment of the containment will
be air at essentially atmospheric pressure and a maximum temperature of
approximately 120 0 F.

With these initial conditions, the temperature of the

steam-air mixture at the peak accident pressure at 47 psig is 271*F.
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Prior to initial operation, the containment will be strength tested at
54 psig and then will be leak-tested.

The acceptance criterion for

this pre-operational leakage rate test has been established as 0.1%
per 24 hours at 47 psig and 271'F, which are the maximum conditions
of the design basis accident.

This leakage rate is consistent with the

(2)

construction of the containmnet,

which is equipped with a Penetration

and Weld Channel Pressurization System for continuously pressurizing
both the penetrations and the channels over all containment liner welds.
These channels were independently leak-tested during construction.

The safety analysis has been performed on the basis of a leakage rate
of 0.10% per day for 24 hours.

With this leakage rate and with minimum

containment engineered safeguards operating, the public exposure would
(3 )
be well below 10 CFR 100 values in the event of the design basis accident.

The performance of a periodic integrated leakage rate test during plant
life provides a current assessment of potential leakage from the containment
in case of an accident that would pressurize the interior of the containment.
In order to provide a realistic appraisal of the integrity of the containment
under accident conditions, this periodic leakage rate test is to be performed
Without preliminary leak detection surveys or leak repairs, and containment
isolation valves are to be closed in the normal manner.

The test pressure of 23.5 psig for the periodic integrated leakage rate test
is sufficiently high to provide an accurate measurement of the leakage rate
and it duplicates the pre-operational leakage rate test at 23.5 psig.

The

equations provided relate in a conservative manner the measured leakage of
air at 23.5 psig to the potential leakage of a steam-air mixture at 47 psig
and 271'F.

The minimum duration of 24 hours for the integrated leakage rate test is
established to attain the desired level of accuracy and to allow for daily
cyclic variation in temperature and thermal radiation.
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The frequency of the periodic integrated leakage rate test is keyed to the
schedule for major shutdowns for inservice inspection.

The specified

frequency of periodic integrated leakage rate is based on the following major
considerations.

First is the low probability of leaks in the liner, because of

(a) the tests of the leak tight integrity of the welds during
erection;

(b) conformance of the complete containment to a low leakage
rate limit at 47 psig during pre-operational testing which
is consistent with 0.1% leakage at design basis accident
conditions; and

(c) absence of any significant stresses in the liner during
reactor operation.

Secondly, the Penetration and Weld Channel Pressurization System is in service
continuously to monitor leakage from potential leak paths such as penetrations,
liner weld channels, double gasketed seals and spaces between certain contain
nent isolation valves.

A leak would be expected to build up slowly and

would therefore be noted before design leakage limits are exceeded.

Remedial

action can be taken before the limit is reached.

The sensitive leakage rate measurements obtained periodically and periodic
inspection of accessible portions of the containment wall to detect possible
damage to the liner plates, combined with the leakage monitoring afforded
by the Penetration and Weld Channel Pressurization System, provide assurance
that the containment leakage is within design limits.
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The 350 psig test pressure, achieved either by normal Residual Heat Removal
System operation or hydrostatically testing, gives an adequate margin
over
the highest pressure within the system after a design basis accident.
Similarly, the hydrostatic test pressure for the containment sump return
line of 100 psig gives an adequate margin over the highest pressure
within the line after a design basis accident.

A recirculation system
leakage of 2 gal./hr will limit off-site exposures due to leakage to
insignificant levels relative to those calculated for leakage directly
from the containment in the design basis accident.

(1)

FSAR - Section 5

(2)

FSAR - Section 5.1.7

(3)

FSAR - Section 14.3.5
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ENGINEERED SAFETY FEATURES

Applicability

Applies to testing of the Safety Injection System, the Containment
Spray
System, and the Air Filtration System inside the containment.

Objective

To verify that the subject systems will respond promptly and perform
their
design functions, if required.

Specification

I.

System Tests

A.

Safety Injection System

1.

System tests shall be performed at each reactor refueling
interval. With the Reactor Coolant System pressure less
than or equal to 350 psig and temperature less than or
equal to 350*F, a test safety injection signal will be
applied to initiate operation of the system.

The safety

injection and residual heat removal pumps are made inoperable
for this test.
2.

The test will be considered satisfactory if control board
indication and visual observations indicate that all components
have received the safety injection signal in the proper
sequence and timing.
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That is, the appropriate pump breakers shall have opened
and closed, and all valves shall have completed their travel.

B.

Containment Spray System

1.

System tests shall be performed at each reactor refueling
interval.

The tests shall be performed with the isolation

valves in the spray supply lines at the containment and the
Operation

spray additive tank isolation valves blocked closed.

of the system is initiated by tripping the normal actuation
instrumentation.

2.

The spray nozzles shall be checked for proper functioning
at least every five years.

3.

The test will be considered satisfactory if visual observations
indicate all components have operated satisfactorily.

C.

Hydrogen Recombiner System

1.

A complete recombiner system test shall be performed at each
normal reactor refueling on each unit.

The test shall include

verification of ignition and attainment of normal operating
temperature.

2.

A complete control system test shall be performed at intervals
not greater than six months on each unit.

The test shall

consist of a complete dry-run startup using artificially
J

generated signals to simulate light off.

3.

Containment atmosphere sampling system tests shall be
performed at intervals no greater than six months.

The

test shall include drawing a sample from the fan cooler
units and purging the sampling line.
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4.

The above tests will be considered satisfactory if visual
observations and control panel indication indicate that all
components have operated satisfactorily.

II.

Component Tests

A.

Pumps
1.

The safety injection pumps, residual heat removal pumps,

containment spray pumps and the auxiliary component cooling
water pumps shall. be started at intervals not greater than
one month.

The recirculation pumps: shall be started during

reactor shutdowns for refueling.
2. Acceptable levels of performance shall be that the pumps
start, reach their required developed head on recirculation
flow, and operate for at least fifteen minutes.
B.

Valves
1. Each boron injection tank outlet valve shall be cycled
by operator action with the pumps shut down at intervals
not greater than once every refueling.
2. Each spray additive valve shall be cycled by operator
action with the pumps shut down at intervals not greater
than once every refuelilg.
3. The accumulator check valves shall be checked for
operability during each refueling shutdown.

C.

Air Filtration System

1. Visual inspection of the filter installation and measurement
of the pressure drop shall be performed at each refueling
shutdown.

Any significant difference in appearance or

pressure drop from initial conditions shall be corrected.
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2.

The iodine removal efficiency of at least one charcoal filter
charcoal sample from one cell shall be measured at the first
refueling and every second refueling thereafter.

The efficiency

shall be measured under the containment conditions representative
of the design basis accident (47 psig, 271*F and 100% relative
humidity).

The filter cell to be tested shall be selected

randomly from those cells with the longest in-bank residence
time.

The acceptance criterion for filter efficiency is

5% for removal of methyl iodine.

If the acceptance criterion

is not met, the activated charcoal in the installed "tested"
cell shall be replaced, and at least one additional sample
shall be taken from a cell in each unit and measured for iodine
removal efficiency.

3.

The charcoal filter isolation valves shall be tested at intervals
not greater than once every refueling to verify operability.

4.

The HEPA filter banks shall be tested with locally generated
DOP* at each refueling shutdown and indications of abnormal
leakage corrected.

D.

Hydrogen Recombiner System
1.

Each recombiner air-supply blower shall be started at intervals
not greater than two months.

Acceptable levels of performance

shall be that the blowers start, deliver flow, and operate
for at least 15 minutes.
Basis:

The Safety Injection System and the Containment Spray System are principal
plant safeguards that are normally inoperative during reactor operation.
Complete systems tests cannot be performed when the reactor is operating
because a safety injection signal causes reactor trip, main feedwater isolation
and containment isolation, and a Containment Spray System test requires
the system to be temporarily disabled.

The method of assuring operability

of these systems is therefore to combine systems tests to be performed during
annual plant shutdowns, with more frequent component tests, which can be
performed during reactor operation.

*Dioctylphthalate particles test
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The annual systems tests demonstrate proper automatic operation of the
Safety Injection and Containment Spray Systems. With the pumps blocked
from starting a test signal is applied to initiate automatic action and
verification made that the components receive the safety injection signal
in the proper sequence.

The test demonstrates the operation of the valves,

pump circuit breakers, and automatic circuitry.

During reactor operation, the instrumentation which is depended on to initiate
safety injection and containment spray is generally checked daily and the
initiating circuits are tested monthly (in accordance with Specification
4.1).

The testing of the analog channel inputs is accomplished in the same

manner as for the reactor protection system.

The engineered safety features

logic system is tested by means of test switches to simulate inputs from
the analog channels.

The test switches interrupte the logic matrix output

to the master relay to prevent actuation.. Verification that the logic is
accomplished is indicated by the matrix test light.

Upon completion of

the logic checks, verification that the circuit from the logic matrices
to the master relay is complete is accomplished by use of an ohmmeter to
check continuity.

In addition, the active components (pumps and valves)

are to be tested monthly to check the operation of the starting circuits
and to verify that the pumps-are in satisfactory running order.

The test

interval of one month is based on the judgement that more frequent testing
would not significantly increase the reliability (i.e., the probability
that the component would operate when required), yet more frequent testing
would result in increased wear over a long period of time.

Other systems that are also important to the emergency cooling function
are the accumulators, the Component Cooling System, the Service Water System
and the containment fan coolers. The accumulators are a passive safeguard.
In accordance with Specification 4.1 the water volume and pressure in the
accumulators are checked periodically.

The other systems mentioned operate

when the reactor is in operation and by these means are continuously monitored
for satisfactory performance.

The charcoal portion of the air recirculation system is a passive safeguard
which is isolated from the cooling air flow during normal reactor operation.
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Hence the charcoal should have a long useful lifetime.

The filter frames

that house the charcoal are stainless steel and should also last indefinitely.
However, the visual inspection specified in Section IIC-l of this specification
will be performed to verify that this is in fact the case.

The iodine removal

efficiency cannot be measured with the filter cells in place.

Therefore

at periodic intervals a representative sample of charcoal is to be removed
and tested to verify that the efficiencies for removal of methyl iodide,
(2)
is obtained.
The hydrogen recombiner system is an engineered safety
feature which will be used only following a loss-of-coolant accident to
control the hydrogen evolved in the containment.

The system is not expected to

be started before about 13 days have elapsed following the accident.

At

this time the hydrogen concentration in the containment will have reached
2% by volume, which is the design concentration for starting the recombiner
system.

Actual starting of the system will be based upon containment

atmosphere sample analysis.

The complete functional tests of each unit

at refueling shutdown will demotrate the proper operation of the recombiner
system.

More frequent tests of the recombiner control system and air

supply blowers will assure operability of the system.

The biannual testing

of the containment atmosphere sampling system will demonstrate the availability
of this system.

References

(1)

FSAR Section 6.2

(2)

FSAR Section 6.4
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4.6

EMERGENCY POWER SYSTEM PERIODIC TESTS

Applicability

Applies to periodic testing and surveillance requirements of the emergency
power system.

Objective

To verify that the emergency power system will respond promptly and properly
when required.

Specification

The following tests and surveillance shall be performed as stated:

A.

Diesel Generators

1.

Manually-initiated start of the diesel generator each month,
followed on a semi-annual basis by manual sychronization with
other power sources and assumption of load by the diesel
generator up to the nameplate rating.

Normal plant operation

will not be affected.

2.

Automatic start of each diesel generator, load shedding and
restoration to operation of particular vital equipment, initiated
by simulated loss of all normal AC station service power supplies
together with a simulated safety injection signal.

This test

will be conducted during reactor shutdown for refueling to assure
that the diesel-generator will start and assume required load
within 60 seconds after the initial starting signal.

4.6-1

3.

Each diesel generator shall be given a thorough inspection
at least annually following the manufacturer's recommendations
for this class of stand-by service.
The above tests will be considered satisfactory if the
required minimum safeguards equipment operates as designed.

4.

Diesel generator electric loads shall not be increased beyond
the long term rating of 1750 kw.

B.

Diesel Fuel Tanks
A minimum oil storage of 41,000 gallons will be maintained at
the station at all times.

C.

Station Batteries
1.

Every month the voltage of each cell, the specific gravity
and temperature of a pilot cell in each battery and
each battery voltage shall be measured and recorded.

2.

Every 3 months the specific gravity of each cell, the
temperature reading of every fifth cell, the height of
electrolyte, and the amount of water added shall be
measured and recorded.

3.

At each time data is recorded, new data shall be compared
with old to detect signs of abuse or deterioration.

4.

Once a year the battery shall be subjected to a load test
and a visual inspection of the plates.
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Basis
The tests specified are designed to demonstrate that the diesel generators
will provide power for operation of equipment. They also assure that
the emergency generator system controls and the control systems for
the safeguards equipment will function automatically in the event of
a loss of all normal 480v AC station service power.
The testing frequency specified will be often enough to identify and
correct any mechanical or electrical deficiency before it can result
in a system failure. The fuel supply is continuously monitored. An
abnormal condition in these systems would be signaled without having
to place the diesel generators themselves on test.
Each diesel generator has a continuous rating of 1750 kw with a 2000 hr
rating of 2000 kw. Two diesels operating at their continuous rating can
power the minimum safeguards loads. A minimum oil storage of 41,000 gallons
will provide for operation of the minimum required engineered safeguards
on emergency diesel power for a period of 168 hours.
Station batteries will deteriorate with time,.but precipitous-failure
is extremely unlikely.

The surveillance specified is that which has

been demonstrated over the years to provide an indication of a cell
becoming unserviceable long before it fails.
The annual load test for the battery to gether with the visual inspection
of-the plates will assure the continued integrity of the batteries.
The batteries are of the type that can be visually inspected, and this
method of assuring the continued integrity of the battery is proven
standard power plant practice.

Reference

FSAR, Section 8.2
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4.7

.MAIN STEAM STOP VALVES

Applicability
Applies to periodic testing of the main steam stop valves.
ObjIective
To verify the ability of the main steam stop valves to close upon
signal.

Specification
The main steam stop valves shall be tested at refueling intervals with the
reactor at cold shutdown. Closure time of five seconds or less shall be
verified.
Basis

The main steam stop valves serve to limit an excessive Reactor Coolant
System cooldown rate and resultant reactivity insertion following a
main steam break icdn.()Their ability to close upon signal should be
verified at each scheduled refueling shutdown. A closure time of
five seconds was selected as being consistent with expected response
time for instrumentation as detailed in the steam line break incident
analysis. (2)

References
(1) FSAR

-

Section 10.5

(2)

-

Section 14.2.5

FSAR
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4.8

AUXILIARY FEEDWATER SYSTEM

Applicability

Applies to periodic testing requirements of the Auxiliary Feedwater
System.

Objective

To verify the operability of the Auxiliary Feedwater System and its

ability to respond properly-when required.

Specification

l.a

Each motor driven auxiliary feedwater pump will be started at
intervals not greater than every month with full flow established'
to the steam generators once every refueling.

b

The steam turbine driven auxiliary feedwater pump will be
started at intervals not greater than six months with full flow
established to the steam generators once every refueling..

c

The auxiliary feedwater pumps discharge valves will be tested
by operator action at intervals not greater than six months.

2.

These tests shall be considered satisfactory if control board
indication and subsequent visual observation of the equipment
demonstrate that all components have operated properly.

Basis
The testing of the auxiliary feedwater pumps will verify their operability.
The capacity of any one of the three auxiliary feedwater pumps is
sufficient to meet decay heat removal requirements.
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Verification of correct operation will be made both from instrumentation
within the main control room and direct visual observation of the pumps.

Reference

FSAR - Sections 10.4,,14.1.9 and 14.2.5
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4.9

REACTIVITY ANOMALIES

Applicability
Applies to potential reactivity anomalies.
Obj ective
To require evaluation of reactivity anomalies within the reactor.
Specification
Following a normalization of the computed boron concentration as a function
of burn-up, the actual boron concentration of the coolant shall be periodically
compared with the predicted value. If the difference between the observed and
predicted steady-state concentrations reaches the equivalent of one percent
in reactivity, the Atomic Energy Commission shall be notified within 24 hours
and an evaluation as to the cause of the discrepancy shall be made and reported
to the Atomic Energy Commission within 30 days.
Basis
To eliminate possible error s in the calculations of the initial reactivity
of the core and the reactivity depletion rate, the predicted relation between
fuel burn-up and the boron concentration, necessary to maintain adequate
control characteristics, must be adjusted (normalized) to accurately reflect
actual core conditions. When full power is reached initially, and with the
control rod groups in the desired positions, the boron concentration is
measured and the predicted curve is adjusted to this point. As power
operation proceeds, the measured boron concentration is compared with the
predicted concentration and the slope of the curve relating burn-up and
reactivity is compared with that predicted. This process of normalization
shall be completed early in core life. Thereafter, actual boron concentration
can be compared with prediction, and the reactivity status of the core can
be continuously evaluated. Any reactivity anomaly greater than 1% would be
unexpected, and its occurrence would be thoroughly investigated and evaluated.
The value of 1% is considered a safe limit since a shutdown margin of at
least 1% with the most reactive rod in the fully withdrawn position is always
maintained.
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4.10

ENVIRONMENTAL MONITORING SURVEY

Applicability

Applies to routine testing of the plant environs.

Objective

To establish a sampling schedule which will assure cognizance of changes
in.radioactivity in the environs.

Specification

1.

Liquid Discharges

The survey for liquid discharges shall be conducted in accordance
with Table 4..10-1 as specified below:

a.

If the gross beta-gamma activity of the station releases to
the river is less than 1% of MPC during the month just ended,
the environmental survey shall be conducted in accordance with
Program 1 for the subsequent month.

b.

If the gross beta-gamma activity of the station releases to
the river is greater than 1% of MPC but less than 10% of
MPC during the month just ended, the environmental survey shall
be conducted in accordance with Program 2 for the subsequent
month.

If the samples taken under Program 2 do not indicate

any significant increase in environmental radioactivity, the
survey shall revert to Program 1.

c.

If the gross beta-gamma activity of the station releases to
the river is greater than 10% of MPC during the month just
ended, the environmental survey shall be conducted in accordance
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with Program 3 for the subsequent month.

If the samples taken

under Program 3 do not indicate any significant increase in
environmental radioactivity, the survey shall revert to Program 2.
2:'

Gaseous Discharges

The survey for the gaseous discharges shall be conducted in accordance
with Table 4.10-2 as specified below:

a.

If the average release rate from the plant vent is less than
10% of the annual allowable release rate as specified in Para
graph 3.9-B1 during the month just ended, the environmental
survey shall be conducted in accordance with Program 1 for the
subsequent month.

b.

If the average release rate from the plant vent is greater than
10% but less than 100% of the annual allowable release rate as
specified in Paragraph 3.9-B1 during the month just ended, the
environmental survey shall be conducted in accordance with Program
2 for the subsequent month.

If the samples taken under Program

2 do not indicate any significant increase in environmental radio
activity, the survey shall revert to Program 1.
C.

If the average release rate from the plant vent is greater than
100% of the annual allowable release rate as specified in
Paragraph 3.9-Bl during the month just ended, the environmental
survey shall be conducted in accordance with Program 3 for the
subsequent month.

If the samples taken under Program 3 do n6t

indicate any significant increase in environmental radioactivity,
the survey shall revert to Program 2.
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Basis

Programs for monitoring the adjacent area of the Hudson River will be
conducted by the Consolidated Edison Company, by the New York State
Department of Health, and by the New York University Institute of Environ
mental Medicine.

The New York State program includes measurement of samples

of air, water, milk and wildlife.

The New York University Medical Center

research program includes the biology of the Hudson River, the distribution
and abundance of fish in the river, pesticides and radio-ecological studies.

A nineteen month study which began in June, 1969 is being conducted by
Raytheon for the Hudson River Policy Committee.

The Committee consists

of the New York State Conservation Department, the New Jersey Department
of Conservation and Economic Development, the U. S. Bureau of Sport
Fisheries and Wildlife, the U. S. Bureau of Commercial Fisheries, and
the Connecticut Conservation Department.

The objectives of the study are

i

(1) to determine the seasonal distribution of fish and key organisms
within and outside of the areas to be exposed to the heated and otherwise!
altered discharge from Units 1, 2, and 3; (2) to determine the effects
of temperature rise and chemical additives on the survival and behavior
of screenable and non-screenable fish and organisms in the area;

(3) to

catalog physical and chemical characteristics of the estuary often associated
with observed changes in the biota; i.e., temperature, salinity, conductivity,
dissolved and suspended solids, dissolved oxygen, and physical alternations.

The various studies mentioned above include measurements of radioactivity
in fresh water, river water, river sediments, fish, milk, aquatic vege
tation, vegetation, soil, and air in the vicinity of the Indian Point
Station.

The environmental monitoring program conducted by the Consolidated Edison
Company will supply sufficient data to determine the compliance of the
Indian Point Station with the requirements of 10CFR20.

The schedules for

liquid and gaseous discharges will insure that changes in the environmental
radioactivity will be detected.

4.10-3

Although the design of the proposed facility and administrative controls
will be such that gaseous and liquid effluents will be released in accord
ance with the requirements of 10CFR20, the environmental monitoring program
of the Consolidated Edison company provides a redundant means of insuring that
the operation of the proposed facility does not pose any undue risk to the
health and safety of the public.

The New York State and New York University

programs provide an independent means of verifying the proposed facilities
compliance with 10CFR20.
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Table 4.10-1
t

Environmental Monitoring Survey

-

Programs
2

1
Media of Sample

Sample
Frequency

Analysis

W
MC

GBG
T

Hudson River
Water

Liquid Discharges

Sample
Frequency
TW
MC

Analysis
GBG,
GSA
T

3
Sample
Frequency

Analysis

D
MC

GBG,
GSA
RA,
T

Hudson River
Aquatic
Vegetation

SSF

GBG

MDGS

GBG,
GSA

MDGS

GBG,
GSA,
RA

Hudson River
Bottom
Sediment

SSF

GBG

M

GBG,
GSA

M

GBG,
GSA,
RA

Hudson River
Fish

M

GBG

TM

GBG,
GSA

W

GBG,
GSA,
RA

tSamples will be taken whenever biologically available.
Nomenclature for Sample Frequency
W
TW

- Weekly
- Twice Weekly

D

- Daily

M
MC

- Monthly
- Monthly Composite

TM

- Twice Monthly

SSF
MDGS

- Once each in Spring, Summer and Fall
- Monthly During the Growing Season

Nomenclature for Analysis
GBG

- Gross Beta-Gamma

GSA
RA

- Gamma Spectrometer Analysis
- Radiochemical Analysis to determine biologically important isotopes

T

- Tritium

Table 4.10-2
Environmental Monitoring Survey - Gaseous Discharges t

Programs
2

1
Media of Sample
Fallout

Sample
Frequency
M

Analysis
GBG,
T*

Sample
Frequency
M

Analysis
GBG,
GSA,
T*

3
Sample
Frequency
TM
MC

Analysis
GBG,
GSA
RA,
T*

Air Particulate
& Organic
Iodide

W

GBG,
GSA

TW

GBG,
GSA

TW

GBG,
GSA,
RA

Drinking Water
Supplies

M

GBG,
T

TM

GBG,
GSA
T

W

GBG,
GSA,
RA
T

MC

MC
Lake Water &
Well Water

M

GBG,
T

TM
MC

GBG,
GSA
T

W

MC
Lake Aquatic
Vegetation &
Land Vegeta
tion

SSF

Soil

GBG,
GSA,
RA
T

GBG

MDGS

GBG,
GSA

MDGS

GBG,
GSA,
RA

GBG

M

GBG,
GSA

M

GBG,
GSA,
RA

Direct Gamma
(Spot Read
ings)

A

GGB

MSL

GGB

WSL

GGB

Direct Gamma
(Peripheral
Monitoring)

M

GGB

TM

GGB

W

GGB

tSamples will be taken whenever biologically available.
*'ritiuni analysis'will be.performed provided sufficient wet deposition occurs.

Table 4.10-2

(Continued)

Environmental Monitoring Survey

-

Gaseous Discharges

Nomenclature for Sample Frequency
M
TM
W
TW
MC
A
SSF
MDGS
MSL
WSL

-

Monthly
Twice Monthly
Weekly
Twice Weekly
Monthly Composite
Annually
Once each in Spring, Summer and Fall
Monthly During the Growing Season
Monthly at Selected Locations
Weekly at Selected Locations

Nomenclature for Analysis
GBG
GSA
RA
T
GGB

-

Gross Beta-Gamma
Gamma Spectrometer Analysis
Radiochemical Analysis to determine biologically important isotopes
Tritium
Gross Gamma Background

5

DESIGN FEATURES

5.1

SIT.E

Applicability

Applies to the location and extent of the reactor site.

Objective
To' define those aspects of the site which affect the overall safety of
the installation.

Specification

The minimum distance from the reactor center line to the boundary of the
site exclusion area and the outer boundary of the low population zone as
defined in 10 CFR 100.3 is 520 meters and 1100 meters, respectively.
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5.2

CONTAINMENT

Applicability

Applies to those design features of the Containment System relating to
operational and public safety.

Objective

To define the significant design features of the reactor containment structure.

Specifications

A.

Reactor Containment

1.

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.

2.

The containment structure is designed for an internal pressure
of 47 psig, plus the loads resulting from an earthquake producing
0.10g applied horizontally and 0.05g applied vertically at the
same time. (1)

The containment is also structurally designed

to withstand an external pressure 2.5 psig higher than the
internal pressure.

B.

Penetrations

1.

All penetrations through the containment reinforced concrete
pressure barrier for pipe, electrical conductors, ducts and access
hatches are or the doubie barrier type.(2)
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2.

The automatic Phase A containment isolation (trip) valves are
actuated to the closed position either manually or by an automatically
derived safety injection signal.

The automatic Phase B containment

isolation valves are tripped closed by automatic or manual contain
ment spray actuation.

The actuation system is designed such that

no single component failure will prevent containment isolation
if required.

C.

Containment Systems

1.

The containment vessel has an internal spray system which is
capable of providing a distributed borated water spray of at
least 2530 gpm.

During the initial period of spray operation,

sodium hydroxide would be added to the spray water to increase
(3 )
the removal of iodine from the containment atmosphere.

2.

The containment vessel has an internal air recireculation system
which includes five fan-cooler units (centrifugal fans and water
cooled heat exchangers), with a total heat removal capability of
106,000 Btu/sec under conditions following a loss of coolant
accident.

All of the fan cooler units are equipped with activated
(4 )
charcoal filters to remove volatile iodine following an accident.

References
(1)

FSAR Section 5.1

(2)

FSAR Section 5.1.2.7

(3)

FSAR Section 6.3

(4)

FSAR Section 6.4
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5.3

REACTOR

Applicability
Applies to the reactor core, reactor coolant system, and emergency core
cooling systems.

Obj ective
To define those design features which are essential in providing for safe
system operations.
A.

-Reactor Core
1..

The reactor core contains approximately 87 metric tons of
uranium in the form of slightly enriched uranium dioxide pellets.
The pellets are encapsulated in Zircaloy-4 tubing to form fuel
rods. The reactor core is made up of 193 fuel assemblies. Each
fuel assembly contains 204 fuel rods. (1 )

2.

The average enrichment of the initial core is a nominal 2.70
weight per cent of U-235. Three fuel enrichments are used in
the initial core. The highest enrichment is a nominal 3.20
weight per cent of U-235 2 )

3.

Reload fuel will be similar in design to the initial core. The
enrichment of reload fuel will be no more than 3.4 weight per
cent of U-235.
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4.

Burnable poison rods are incorporated in the initial core.
There are 1160 poison rods in the form of 6,12 and 16-rod
clusters, which are located in vacant rod cluster control
(3)
The burnable poison rods consist of borated
guide tubes.
(4 )
pyrex glass clad with stainless steel.

5.

There are 53 full-length RCC assemblies and 8 partial-length
RCC assemblies in the reactor core.

The full-length RCC assemblies

contain a 142 inch length of silver-indium-cadmium alloy clad
with the stainless steel.

The partial-length RCC assemblies

contain a 36 inch length of silver-indium-cadmium alloy with
with Al 20 3.
the remainder of the stainless steel sheath filled

B.

Reactor Coolant System

1.

The design of the reactor coolant system complies with the
(6)
code requirements.

2.

All piping, components and supporting structures of the reactor
coolant system are designed to Class I requirements, and have
been designed to withstand the maximum potential seismic ground
acceleration, 0.15g, acting in the horizontal and 0.10g acting
in the vertical planes simultaneously with no loss of function.

3.

The total liquid volume of the reactor coolant system, at
rated operating conditions, is 11,350 cubic feet.

References
(1)

FSAR Section 3.2.2

(2)

FSAR Section 3.2.1

(3)

FSAR Section 3.2.1

(4)

FSAR Section 3.2.3

(5)

FSAR Sections 3.2.1 & 3.2.3

(6)

FSAR Table 4.1-9
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5.4

FUEL STORAGE

Applicability

Applies to the capacity and storage arrays of new and spent fuel.

Objective

To define those aspects of fuel storage relating to prevention of
criticality in fuel storage areas.

Specification

1.

The spent fuel pit structure is designed to withstand the anticipated
earthquake loadings as a Class I structure.

The spent fuel pit

has a stainless steel liner to insure against loss of water.

2.

The new and spent fuel storage racks are designed so that it is
impossible to insert assemblies in other than an array of vertical
fuel assemblies with the sufficient center-to-center distance
between assemblies to assure keff0.90 even if unborated water
were used to fill the pit.

3.

Whenever there is fuel in the pit (except in the initial core loading),
the spent fuel storage pit is filled and borated to the concentration
to match that used in the reactor cavity and refueling canal during
refueling operations.
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SECTION 6

ADMINISTRATIVE*CONTROLS

INTRODUCTION

Administrative controls relate to the organization and management procedures,
record keeping, review and audit systems, and reporting that are considered
necessary to provide the assurance and evidence that the plant will be
managed in a dependable manner.
The administrative controls specify the administrative tools and functions
necessary for the plant's safe operation.

They also define the administrative

action to be taken in the event operating limits or safety limits are exceeded.

6.1

ORGANIZATION, REVIEW AND AUDIT

A.

Organization

1.

Organization for conduct of operations of the plant is shown in
Figure 6.1-1.

2.

Overall full-time responsibility for the safe operation of the
facility shall rest with the Nuclear Plant General Superintendent.

3.

The Nuclear Plant General Superintendent shall report to the
Manager of the Nuclear Power Generation Department who, in turn,
shall report to the Assistant Vice President of the Company for
Power Generation who is in charge of all its generating facilities.

4.

The minimum functional operating organization shall be comprised
of the following:

a.

A reactor operator, licensed pursuant to lOCFR55, in the
control room at all times while there is fuel in the reactor.
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b.

A senior reactor operator, licensed pursuant to lOCFR55,
present at the facility and in charge of operations during
each of the following:

1.

Initial startup and approach to power following refueling.

2.

Recovery from an unplanned or unsche-duled shutdown or
significant reduction in power.

3.

C.

Refueling.

A senior reactor operator,, licensed pursuant to lOCFR55,
present at the facility, or readily available on call, at
all times while there is nuclear fuel located at the facility.

d.

A second operator in the control room, trained to act in the
capacity of assistant to the reactor operator, at All times
the reactor is critical.

e.

A health physics technician present at the facility at all
times when nuclear fuel is located therein.

5.

Qualifications with regard to education and experience backgrounds
and technical specialties of key supervisory personnel shall equal
or surpass the minimum acceptable levels described in the "Standard
for Selection and Training of Personnel for Nuclear Power Plants",
Draft 9, as proposed by the American Nuclear Society.

Where

exceptions to the standard are significant, justification shall be
furnished by the facility licensee to the Division of Reactor
Licensing.

6.

B.

The corporate organization is as shown in Figures 6.1-2 and 6.1-3.

Review and Audit

1.

There shall be a Nuclear Facilities Safety Committee which shall
review the operation of the facility, the operating organization,
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the procedures for operation, changes in the facility and the
conduct of tests or experiments herein.
a.

Membership

The Committee shall have a membership of at least 12 persons
of which a majority are independent of the Nuclear Power
Generation Department and shall include technically competent
persons from all departments of Consolidated Edison having a
direct interest in nuclear plant design, operation or in nuclear
safety.

The Chairman and Vice Chairman will be Senior Officials,

of the Company experienced in the field of nuclear energy.

The Committee shall consist of:
The Chairman who shall be appointed by the Chairman of the
Board or the President of the Company.

The Vice Chairman who shall be appointed by the Chairman of
the Board or the President of the Company.

The Secretary who shall be appointed by the Chairman of the
Committee.

The following Committee Members shall be designated by the
Vice President of the Company who is responsible for the
functioning of the department or position stated below with
the approval of the Chairman:
The Radiation Safety Officer of the Company

A medical doctor from the Medical Department having experience
in nuclear medicine.

A representative from the Mechanical Engineering Department
having experience in nuclear engineering with special emphasis
on reactor physics.
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A representative from the Nuclear Power Generation Department
having experience in nuclear chemistry.
An engineer from the Fuel Department having experience with
nuclear fuel.
An engineer from the Electrical Engineering Department having
experience in electrical engineering related to nuclear power
plants with special empahsis on instrumentation and control.
An engineer from the Mechanical Engineering Department having
experience in mechanical engineering related to nuclear power
plants with special emphasis on heat transfer.
A representative from the Civil Engineering Department having
experience in environmental engineering.
A lawyer from the Law Department who shall be familiar with
legal matters affecting nuclear power plants.
The Manager of the Nuclear Power Generation Department.
The Manager of the System Operation Department.
The Reactor Engineer at the Indian Point Station.
Outside consultants are required, appointed by the Chairman
without the right to vote.
The Nuclear Plant General Superintendent as a participant
without the right to vote.
Each member will designate a permanent alternate to serve in
his absence.
the Chariman.

The name of the alternates will be filed with
Only the permanent member, however, will have

the right to vote.
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b.

Minimum Meeting Frequency
The Committee shall meet not less frequently than quarterly,
and at more frequent intervals at the call of the Chairman
or in his absence the Vice Chairman, as required.

C.

Quorum
A majority of the full committee members which shall include
the Chairman or the Vice Chairman and of which a minority
are from the Nuclear Power Generation Department shall
constitute a quorum for meetings of the full committee.

d.

Responsibilities

The Committee will:
Not less than once each year audit and report the adequacy
of all procedures used in the operation, maintenance and
environmental monitoring of each nuclear power plant. The
audits will include on-site inspections and verifications
that procedures are adhering to the Operating Licenses and
Technical Specifications.
Review and report upon each emergency or infrequent condition
relating to nuclear safety including as a minimum those
abnormal occurrences defined in the facilities Technical
Specifications.
Review and report upon the adequacy of all proposed changes
in plant facilities or procedures pertaining to the operation,
maintenance and environmental monitoring having safety
significance, or which may constitute an "unreviewed safety
question" as defined in Part 50, Title 10, Code of Federal
Regulations.
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Review and report upon the adequacy of nuclear safety
provisions for all tests and experiments and results
thereof, when such tests or experiments may constitute
an "funreviewed safety question" as defined in Part 50,
Title 10, Code of Federal Regulations.

Conduct not less than quarterly unannounced spot inspections
of plant and montoring operations and report the results thereof.

Review and report upon any activity, the occurrence or lack
of which may affect the safe operation of the nuclear plants.

Review and report upon all proposed changes to the Technical
Specifications or licenses.

At the request of the Nuclear Power Generation Manager or a
Nuclear Plant General Superintendent the Committee will be
promptly convened to review and act upon those nuclear safety
matters deemed essential to the safe operation of the facility.

e.

Authority
A Nuclear Facilities Safety Committee is constituted to advise
the Executive Vice President, Central Operations, concerning
the safety aspects of the operation of the nuclear power
facilities.

The Committee shall report to the Executive

Vice President, Central Operations.
The Executive Vice President, Central Operations is responsible
for the design, construction, operation and maintenance of
nuclear power generation plants.

The Vice President, Power

Supply and, under him, the Assistant Vice President in charge
of Power Generation,, the Nuclear Power Generation Manager and
Nuclear Plant General Superintendent are responsible for the
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day-by-day operation and maintenance of the plant. The
Nuclear Facilities Safety Committee herin established will
advise the Executive Vice President and through him the
President and the Chairman of the Board concerning the safety
aspects of the nuclear plant operation.

The Safety Committee

is to be kept fully and currently informed by the Nuclear
Power Generation Manager and Nuclear Plant General Superinten
dent of all matters bearing on the safe operation of the plant.
The Chairman may establish subcommittees and designate members
of the full committee for assignment to the subcommittees.
The Chairman, Vice Chairman and Secretary of the Nuclear
Facilities Safety Committee are ex-officio members of all
subcommittees.

f.

Records
Draft minutes of all meetings will be distributed promptly
to each committee member for comment and any corrections.
Amended and corrected minutes will be circulated to committee
members for final approval. Copies of approved minutes will
be promptly distributed to each committee member and to the
Assistant Vice President, Power Generation, the Vice President,
Power Supply, the Executive Vice President, Control Operations,
the President, the Chairman of the Board,, and the Corporation
Secretary.
Special reports shall be in writing and will be distributed
to all members of the Committee, the Assistant Vice President,
Power Generation, the Vice President, Power Supply, the
Executive Vice President, Central Operations, the President,
the Chairman of the Board, and the Corporation Secretary.

g.

Charter

A written charter delineating the establishment, composition,
mission, and the dissemination of minutes and reports shall be
maintained which may be amended as required.
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6.2

ACTION TO BE TAKEN IN THE EVENT OF AN ABNORMAL OCCURENCE IN PLANT
OPERATION

6.2.1

Any abnormal occurence shall be promptly investigated by the
General Superintendent.

6.2.2

The General Superintendent shall promptly notify the chairman
of the Nuclear Facilities Safety Committee and the Manager of
the Nuclear Power Generation Department of any abnormal occurrence.

6.2.3

The General Superintendent shall prepare and submit promptly
a report in writing to the Manager of the Nuclear Power
Generation Department following the observation of an abnormal
occurrence,

Such report shall describe the circumstances

leading up to, and resulting from the occurrence; and shall
recommend appropriate action to prevent or reduce the probability
of a repetition of occurrence.

A copy of the report shall be

submitted to the chairman of the Nuclear Facilities Safety
Committee for review and approval of any recommendation.
6.2.4

The Vice President of Power Supply shall report the circumstances
of any abnormal occurrence to the AEC'as specified in Section
6.6 "Plant Reporting Requirements".

6.2-1

6.3

6.3.1

ACTION TO BE TAKEN IF A SAFETY LIMIT*IS*EXCEEDED

If a safety limit is exceeded, the reactor shall be shut down
immediately and maintained in a safe shutdown condition until
otherwise authorized by the AEC.

6.3.2

The General Superintendent shall make an immediate report of
the circumstances to the manager of the Nuclear Power Generation
Department and the Chairman of the Nuclear Facilities Safety
Committee.

6.3.3

The Vice President of Power Supply shall report the circumstances
to the AEC as specified in Section 6.6 "Plant Reporting Requirements"

6.3.4

A complete analysis of the circumstances leading up to and
resulting from the situation together with recommendations to
prevent a recurrence shall be prepared by the General Superintendent.
This report shall be submitted to the Manager of the Nuclear Power
Generation Department and the Chairman of the Nuclear Facilities
Safety Committee.

6.3.5

Appropriate analyses or reports shall be submitted to the AEC
by the Vice President of Power supply as specified in Section.
6.6 "Plant Reporting Requirements."

6.3-1

6.4

6.4.1

ACTIONS TO BE TAKEN PRIOR TO SPECIAL TESTS OR CHANGES

If the General Superintendent decides to make a change in
the facility or operating procedures, or to conduct a test
or experiment, and concludes that the proposed change, test
or experiment does not involve a change in the Technical
Specifications or an unreviewed safety question, he may
order the change, test or experiment to be made, shall
enter a description thereof in the operating records of the
facility, and shall send a copy of the instructions pertinent
thereto,, to the Chairman of the. Nucle-ar 'acilities Safety
Committee.

If the Chairman of the Committee, upon reviewing

such instructions, is of the opinion that the change, test
or experiment is of such a nature as to warrant consideration
by the Committee, he shall order such consideration.

6.4.2

If the General Superintendent desires to make a change in
the facility or operating procedures or to conduct a test
or experiment which in his opinion might involve a change
in the technical Specifications, might involve an unreviewed
safety question or might otherwise not be in accordance
with said License, he shall not order such change, test or
experiment uintil he has referred the matter to the Nuclear
Facilities Safety Committee for review and report.

If the

Committee is of the opinion that the proposed change, test
or experiment does not require approval by the Atomic Energy
Commission under the terms of said License, it shall so
report in writing to the General Superintendent, together
with a statement of the reasons for the Committee decision and
the General Superintendent may then proceed with the change,
test or experiment.

If, on the other hand, the Committee is

of the opinion that approval of the Atomic Energy Commission
is required, the Committee shall prepare a request for such
approval, including an appropriate safety analysis in support

6.4-1

of the request, and forward its report and request to the
Vice Presidents in charge of Engineering and Power Supply
for their review with a copy to the General Superintendent.
One of said Vice Presidents shall thereupon forward the
report and request to the Atomic Energy Commision for approval
unless, after review, the Vice Presidents either (a) disagree
with the opinion of the Committee that approval of the Atomic
Energy Commission is required, or (b) decide that the proposed
change, test or experiment is not necessary from the standpoint
of Company policy or operations.
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6.5
6.5. 1

STATION OPERATING RECORDS
The following records shall be, prepared and retained for five.
(5) years unless a longer period is required by applicable
regulations.

All records will be retained in a manner convenient

for review.
a. Records of normal plant operation, including power levels
and periods of operation at each power level.
b.

Records of principal maintenance activities.

c. Records of plant shutdowns.
d. Records of abnormal occurrences.
e. Records of periodic checks'. inspections and/or calibration
performed to verify that requirements specified under
surveillance standards are being met.

All equipment failing

to meet surveillance requirements and the corrective action
taken will be recorded.
f. Records of reactor tests and measurements.
g. Records of chang es made in the plant as described in the
FSAR.
h.

Records of changes made in the Operating Procedures.

i. Records of new and spent fuel inventory, transfers and
assembly histories.

j.

Records of plant radiation and contamination surveys.

k.

Records of off-site environmental monitoring surveys.

6.5-1

1.Records of radiation exposure for all station personnel,
contractors and visitors to the plant who enter the
controlled area.
M.

Records of radioactive waste disposal.

6.5-2

6.6

PLANT REPORTING REQUIREMENTS

In addition to reports required by applicable regulations,

the following

information shall be provided to the Atomic Energy Commission:
6.6.1

Events re quiring notification within 24 hours (by telephone
and telegraph to Region I Compliance Office):
a. Incidents or conditions relating to operation of the
Plant which prevented or could have prevented the perform
ance of engineered safety features as described in these.
Specifications.
b. Any significant variation of measured values from a
corresponding predicted value of safety-connected operating
parameters occurring during the initial criticality of the
Plant.

c. Any abnormal occurrences.
d.. Incidents or conditions which resulted in a safety limit
being exceeded.
6.6.2

Events requiring reports within 10 days (in writing to the
Director, Division of Reactor Licensing, US AEC, Washington,
D. C.
a.

20545):

In the event a redundant component (or systems) is determined
to be out of service for periods longer than those specified
in other sections, it shall be the subject of a special
report.

This report shall describe:

1. The nature of the problem and the specific steps to be
taken to remedy the situation.

6.6-1

2. An estimate of the time required to return the component
(or system) to an operable condition.W

3. The amount of component (or system) redundancy remaining
or the availability of other system(s) to perform the
same function as the inoperable component (or system).

4. Surveillance requirements on the operable component
(or system).

b. Any variation of measured values from a corresponding
predicted value of safety-connected operating parameters
occurring during the initial criticality of the Plant.

c.

Incidents or conditions relating to operation of the Plant
which prevente d the performance of engineered safety features.

d. Any abnormal occurrences as specified in the Definitions
Section of these Specifications.

6.6.3

Any significant changes in the information supplied in section
6.6.2 a. shall be reported subsequently.

6.6.4

Events requiring reports within 30 days (in writing to the
Director, Division of Reactor Licensing, US AEC, Washington,
D. C.

20545):

a. Any substantial variance from performance specifications
contained in these Specifications or in the Final Safety
Analysis Report.

b. Any significant change in transient or accident analysis
as described in the Final Safety Analysis Report.

6.6-2
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c.

Any changes in plant or corporate organizations.

d.

Observed inadequacies in the implementation of administra
tive or procedural controls.

6.6.5

Events requiring reports within 60 days (in writing to the
Director, Division of Reactor Licensing, US AEC, Washington,
D. C.

a.

20545):

Upon receipt of a new operating license or amendment to
a facility license involving the planned increase in reactor
power level or the installation of a new core, the licensee
shall submit a description of the measured values of the
operating conditions or characteristics within 60 days after
initial criticality under the new conditions at the facility.

6.6.6

A Semi-Annual Station Operations Report shall be prepared and
submitted to the Director, Division of Reactor Licensing, US AEC,
Washington, D. C.

20545.

This report shall provide a summary

of all aspects of plant operations and maintenance, as well as
those items specifically required elsewhere in the technical
specifications.

The report shall generally contain the following subject matter
and shall cover the six month period or fraction thereof, ending
June 30 and December 31. The due date for the first report shall
be calculated from the date of initial criticality.

a.

Hours of use of facility.

b.

Electric output of the plant.

c.

Tabulation of major items of plant maintenance.

d.

Tabulation of major items of plant maintenance.

6.6-3

e.

Summary of required surveillance tests and results.

f,

Summary of health and safety operations including a
summary of personnel exposures and all radioactive
releases and shipments.

g. Reference to the document that contains a tabulation of
significant changes in plant design.

h. Graph of daily average plant load.

6.6.7

Special Reports

6.6.7.1

Containment Leak Rate Tests

Each integrated leak rate test shall be the subject of a summary technical
report including results of the local leak rate tests since the last
report.

The report shall include analysis and interpretations of the

results which demonstrate compliance in meeting the specified leak rate
limits.

6
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6.7

6.7.1

PLANT OPERATING PROCEDURES

The plant will be operated and maintained in accordance with
approved procedures. Detailed written procedures with appro
priate check-off lists and instructions shall be provided
for
the following conditions:

a.

Normal startup, operation and shutdown of the complete
facility and of all systems and components involving
nuclear safety of the facility.

b.

Refueling operations.

c.

Actions taken to correct specific and foreseen potential
malfunctions of systems or components, including responses
to alarms, suspected primary system leaks and abnormal
reactivity changes.

d.

Emergency procedures involving potential or actual release
of radioactivity.

e.

Preventive or corrective maintenance which could affect
the safety of the reactor.

f.

Plant survey following an earthquake.

g.

Tornado watch or tornado warning.

6.7.2

Written procedures pertaining to the operations listed
above
shall be approved for implementation in accordnace with
the
provisions of Section 6.1.2.

6.7.3

Temporary changes to written operating procedures, which
do not
change the original intent of the procedure, may be authorized

6.7-1

by the General Superintendent.

Written operating procedures

shall be permanently changed in accordance with the provisions
of 6.4 of these specifications.

6.7.4

The General Superintendent shall initiate drills at sufficient
frequency to ensure proficiencyin emergency operations.

6.7-2

6.8

PLANT SURVEY FOLLOWING AN EARTHQUAKE

Applicability

Applies to the inspecting of plant systems following an earthquake at
the Indian Point site.

Obj ective

To specify procedures that determine whether plant systems are functioning
properly after the occurrence of an earthquake.

Specification

If an earthquake shock is felt or reported to occur in the vicinity of
the Indian Point Station the company's seismological consultant will be
contacted within 24 hours by telephone for an evaluation of the magni
tude at the Indian Point Site.
The operator, after observing the earthquake,
will immediately check the control boards to determine the effect, if any,
on instrumentation, controls, and plant operation. An inspection will then
be performed of Class II structures and equipment for visual indication
of damage. An emergency evaluation will be made if damage exists or if
the magnitude of the earthquake at Indian Point as reported by the seis
mological consultant exceeds the design basis earthquake.

Bas is

Even though the Indian Point site is a region of low seismic activity the
Indian Point No. 2 plant is designed to withstand seismic activity.
Appendix A of the Indian Point 2 FSAR defines this design. All equipment
and structures are classified as either Class I, and Class II, or Class
III (1

Reference
M1 FSAR

-Appendix

A
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Supplement 13
8/70

A tour of inspection of Class II structures and equipment-will be conducted
if an earthquake is felt at Indian Point.

This inspection will be coincident

with a check of control and instrumentation for Class I systems in the
control room.

Visual signs of damage of Class II equipment and structures

and indications from the control room of anomalies in the operation of
Class I equipment w ill be the basis for further plant inspection and, if
necessary, corrective action.

Supplement 13
8/70
6.8-2

6.9

PLANT EMERGENGY PROGRAM
IN THE EVENT OF A TORNADO WATCH OR TORNADO WARNING

Applicability

Applies to plant tornado emergency program.

Obj ective

To specify plant procedures in the event of a tornado watch
tornado warning. (2)

or a'

Specification

In the event of a tornado watch the emergency foreman will notify the
station.

Upon notification, personnel will be assigned to listen and look

for a tornado.

Upon notification of a tornado warning the gas turbine generator will be
started and fuel handling operations in the fuel handling building will be
halted.

Should a fuel handling cask be suspended from the crane at this

time, it will be set down.

Bas is

Conditions that can result in a tornado can be determined by the Weather
Bureau.

Con Edison is in contact with local weather officials and will

be advised immediately if tornado watch conditions are in effect.

If a

tornado is seen or if the plant operator is informed by weather officials
that a tornado has occurred in the vicinity of the Indian Point site, non
essential plant operations will be halted.

~Tornado watch

- means meteorological conditions are favorable for
the formation of a tornado.

(2 )Tornado warning

-

means that a tornado has been sited in the area

of the plant.

6.9-1

Supplement 13
8/70

1.2

SUMMARY PLANT DESCRIPTION

1.2.

SITE

Indian Poi

Unit No. 2 is being built adjacent to and north of Unit No.

1 on a site o

approximately 235 acres of land on the east bank of the

Hudson River at

dian Point, Village of Buchanan in upper Westchester

County, New York.

e proposed Indian Point Unit No. 3 will be adjacent

to and south of Unit N
York City boundary line.

1.

The site is about 24 miles north of the New
he nearest city is Peekskill, 2.5 miles north

east of Indian Point, with apopulation of about 19,000.

An aerial photo

graph, Figure 2.2-1, shows the site and about 58 square miles of the sur
rounding area.

Meteorology

Meteorological conditions in the area of
a two-year test program.

he site were determined during

These data have ben used in evaluating the effects

of gaseous discharges from the plant during n
the postulated loss-of-coolant accident.

mal operations and during

In ad 'tion, data supplied by

the U. S. Weather Bureau at the Bear Mountain Stat

n, regarding the meteorological

conditions during periods of irecipitation, have been used to evaluate
the rainout of fission gases into surface water reservo
postulated loss-of-coolant accident.

s following the

The evaluations ind

site meteorology provides adequate diffusion and dilution o

ate that

the

any released

gases.

Geology and Hydrology

Geologically, the site consists of a hard limestone in a jointed condi
which provides a solid bed for the plant foundation.

The bedrock is sufciently

sound to support any loads which could be anticipated up to 50 tons
per square foot, which is far in excess of any load which may be imposed
by the plant.

Although it is hard, the jointed limestone formation
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on

is permeable to water.

Thus, if water from the plant should enter the

ground (an improbable event since the plant is designed to preclude any
leakage into the ground) it would percolate to the river rather than enter
any ground water supply.

Additional studies by Consolidated Edison's geology

consultant, Thomas W. Fluhr, and examination of recent soil borings confirm
the above conclusions.

In the Hudson River, about 80,000,000 gallons of water flow past the plant
each minute during the peak tidal flow.

This flow provides additional

mixing and dilution for liquid discharges from the facility.

In fact,

however, this aspect is superfluous since the assumption in the plant design
is to treat the river water as if it were used for drinking (which it is
not) and thus to reduce radioactive discharges, by dilution with ordinary
plant effluent, to concentrations that would be tolerable for drinking
water.

There is no danger of flooding at the site as discussed in Section

2.5.

Seismology

Seismic activity in the Indian Point area is rare and no damage has resulted
therefrom.

As stated by Applicant's consultant on seismology, the site

is "practically non-seismic" and is "as safe as any area at present known."
Notwithstanding such assurance, the plant is designed to withstand an earthquake
of the highest intensity which can reasonably be predicted from geologic
and seismic evidence developed for the-site.

Environmental Radiation Monitoring

Environmental radioactivity has been measured at the site and surrounding
area for nearly ten years in association with the operation of Indian Point
Unit No. 1.

These measurements will be continued and reported.

The radiation

measurements of fallout, water samples, vegetation, marine life etc. have
shown no significant post-operative increase in activity.

Noticeable increases

in fallout have coincided with weapons testing programs and appear
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TABLE 1.4.1
COMPARISI!-] ON OF DESIGN PARAMETERS

PARAMETERS

INDIAN POINT #2
FINAL REPORT

SAN ONOFRE
FINAL REPORT

GINNA
FINAL REPORT

CONNECTICUT YANKEE
FINAL REPORT

Total heat output, MWt

2758

1347

1300

1473

Total heat output,

9413 x 106

4595 x 106

4437 x 106

5027 x 106

97.4

97.4

97.4

97.4

Maximum thermal overpower, with
design hot channel factors, %

12

18

12

18

System pressure, nominal, psia

2250

2100

2250

2165

System pressure,

2220

2070

2220

2140

3.23
1.77

3.23
1.88

3.38
1.77

3.09
1.78

200

2.07 (W-3)

2.15 (W-3)

2.82 (W-3)

1.30 (W-3)

1.30 (W-3)

1.30 (W-3)

1.30 (W-3)

136.3 x 0
130 x 10
15.4
2.53 x 10 6

78 x 106
71 x 106
13.3
2.02 x 106

543

HYDRAULIC AND THERMAL DESIGN PARAMETERS

Heat

generated in

Btu/hr
fuel,

%

minimum steady state, psia

Hot Channel Factors
Heat Flux, F
Enthalpy risg, FAH
DNB

ratio at nominal conditions

Minimum DNBR for designs

(Min)

transients

Coolant Flow
Total flow rate, lb/hr
Effective flow rate for heat transfer, lb/hr
Average velocity along fuel rod , ft/sec
Average mass velocity, lb/hr-ft
Coolant Temperature, 'F
Nominal inlet
Maximum inlet due to instrumentation,
error and deadband
Average rise in vessel
Average rise in core
Average in core
Average in vessel
Nominal outlet of hot channel
Average film coefficient, Btu/hr-ft 2

-

F

x! 106
67.3
64.3
14.7 x 106
2.38

101.4 x iR6
92.3 x 10
14.3
2.36 x 10 6

553

551.9

545

547.0
53.0
55.5
571.0
569.5
633.5

557
44.2
48.5
578.0
575.1
637.5

555.9
49.5
52
578.0
577.0
634.0

549
38.5
42.0
566.0
564.3
615.5

5790

5100

5590

5230

REFERENCE
LINE NO.

TABLE 1.4.1

(Cont'd)

(Sheet 3 of 9)
INDIAN POINT #2
FINAL REPORT

SAN ONOFRE
FINAL REPORT

GINNA
FINAL REPORT

CONNECTICUT YANKEE
FINAL REPORT

Rod Cluster Control Assemblies
Neutron absorber
Cladding material
Clad thickness, in.
Number of clusters, full/part length
Number of control rods per cluster

5% Cd; 15% In; 80% Ag
Type 304 SS-Cold Worked
.019
53/8
20

5% Cd; 15% In; 80% Ag
Type 304 SS-Cold Worked
0.019
45/0
16

5% Cd; 15% In; 80% Ag
Type 304 SS-Cold Worked
0.019
29/4

5% Cd, 15% In; 80% Ag
Type 304 SS-Cold Worked
0.0195

Core Structure
Core barrel ID/OD, in.
Thermal shield ID/OD, in.

148.0/152.5
158.5/164.0

125/128.5
129/134.0

109.0/112.5
115.3/122.5

131/134.6
137.6/145.6

216,000
44,600
132.75
144

143,600
22,000
i1
120

120,130

165,000
24,300
119.5
121.8

10
10
15
4.18
193
204

10
10
15
3.04
157
180

%10
,15
3.35
121
179

15
3.76
157
204

Loading technique

3 region, non-uniform

3 region, non-uniform

3 region, non-uniform

3 region, non-uniform

Fuel Discharge Burnup, MWD/MTU
Average first cycle
First core average

14,200
24,700

13,500
20,000

%14,900
,24,400

14,100
21,800

3.15

2.44

3.00

3.40
3.85
3.00

2.78
3.48

3.24
3.67

45/0
20

FINAL NUCLEAR DESIGN DATA
Structure Characteristics
Fuel Weight (as U02 ), lb.
Clad weight, pounds
Core diameter, in.
Core height, in.
Reflector Thickness and Composition
Top - water plus steel, in.
Bottom - water plus steel, in.
Side - water plus steel, in.
H2 0/U, unit cell (coil volume ratio)
Number of fuel assemblies
UO 2 rods per assembly

22,440
96.5
144

%i0

Performance Characteristics

Feed Enrichments, w/o
Region 1
Region 2 (first core with burnable
poison
Region 3
Equilibrum

y-3

2.7
3.2

REFERENCE
LINE NO.

TABLE 1.4.1 (Cont'd)
(Sheet 4 of 9)
INDIAN POINT #2
FINAL REPORT
Control Characteristics
of life)

SAN ONOFRE
FINAL REPORT

GINNA
FINAL REPORT

CONNECTICUT YANKEE
FINAL REPORT

1.254
1.210

1.188
1.137

1.280
1.202

1.160

1.080

1.163

REFERENCE
LINE NO.

(Beginning

Effective Multiplication (With Burnable
Poison)
Cold, no power, clean
1.257
Hot, no power, clean
1.199
Hot, full power, Xe and Sm
equilibrium
1. 152
Rod Cluster Control Assemblies
Material
Number of RCC assemblies
Number of absorber rods per RCC
assembly
Total rod worth (calculated)
Boron Concentrations (First Cycle
with Burnable Poison)
To shut reactor down with no
rods inserted, clean (k=ef f
.99) cold/hot
To control at power with no rods
inserted, clean/equilibrium
xenon and samarium
Boron worth, hot
Boron worth, cold

5% Cd; 15% In; 80% Ag
45

5% Cd; 15% In; 80% Ag
53/8

5% Cd; 15% In;
45

20
8.5%

16
7.1%

16
6.8%

20
8.2%

1480/1370

2600 ppm/2900 ppm

1160 ppm/820 ppm

3210 ppm/3220 ppm

1200/780
1% 6k/k / 89 ppm
1% 6k/k / 72 ppm

2500 ppm/2050 ppm
1% 6k/k / 15C ppm
1% 6k/k / 120 ppm

1310 ppm/890 ppm
1% 6k/k / 120 ppm
1% 6k/k / 90 ppm

2800 ppm/2300 ppm
1% 6k/k / 150 ppm
1% 6k/k / 120 ppm

-4
+1 to -3.1 x 10
6k/k / OF

+0.5 to -3.5 x,10

80% Ag

5% Cd; 15%
33

In; 80% Ag

Kinetic Characteristics

Moderator temperature coefficient

-3

10
Moderator pressure coefficient

Moderator void (density) coefficient

Doppler coefficient

10- 4 1 to -3.00 x
(OF-)

-6
-1 to +3.1 x 10
6k/k / psi

+.3 x 10- 6 to 3.00
(Psi)
x 10
-.03 to +.30

-I.i
x 10

(Ak/g/cm

10-5 to 1.8
(OF-)

3

)

+1 to -3 x 10
6k/k / % void

4

6k/k / OF
6
- 6 to 3.5 x 10-0.5 x 10

6k/k / psi

-1.0 to +3.0 x 106k/k / psi

-0.10 to -0.30i
6k/k / gram/ccl

0 to -2 x 10
6k/k / % void

3

-1 to -2.5 x 105
6k/k / OF

- 4 to 3.5 x 10 +1 x 10
6k/k / OF

-1.1 x 10

6k/k / OF

-5
to 1.8 x 10

-0.5
x 10

-

3

6

10- 5 to 2.1
6k/k / OF

4

Units No. 1, 2, 3 will be fenced by an eight-foot chain link type fence
surmounted by three-strand barbed wire.

The gates to 'this restricted

area will be either secured or attended by plant personnel.

In addition,

a fence of the same type will separate the conventional and nuclear
parts of the units, isolating the control area.

The site is fenced

in part with agricultural type fencing and the access road is
continuously controlled by-Company guards.
site is

2.2.4

A scale plot plan of the

shown on Figure 2.2-2.

ACTIVITIES ON THE SITE

The principal activities on the site will be the generation, transmission
and distribution of steam and electrical energy; associated service
activities; activities relating to the controlled conversion of the
atomic energy of fuel to heat energy by the process of nuclear fission;
and the storage, utilization and production of special nuclear, source
and by-product materials.

Possible future activities include the

addition of other nuclear and conventional electrical generating units.
An observation building is located about 1175 feet from the center
line of the reactor to the nearest poin t of the fence southeast of
Unit No. 2, and is open to the public during the day and attended by
Company personnel. Limited public recreational grounds under
Company control will also be provided on the site in the future.

2.2-2

2.2

2.2.1

LOCATION

GENERAL

Indian Point.Unit No.2 is being built adjacent to and north of Unit No.1
on a site of approximately 235 acres of land on the east bank of the
Hudson River at Indian Point, Village of Buchanan in upper Westchester
County, New York.

The proposed Indian Point Unit No.3 will be adjacent

to and south of Unit No.1.
York City boundary line.

The site is about 24 miles north of the New
The nearest city is Peekskill, 2.5 miles
An aerial

northeast of Indian Point, with a population of about 19,000.

photograph, Figure 2.2-1, shows the site and about 58 square miles of
the surrounding area.

2.2.2

ACCESS

The site is accessible by several roads in the Village of Buchanan.

A

paved road links the eastern boundary of the site to the existing
plant.

The existing wharf is being used to receive heavy equipment

during the construction period.

2.2.3

The site is not served by rail.

SITE OWNERSHIP AND CONTROL

The consolidated Edison Company is the sole owner of the entire property.
The Algonquin Gas Transmission Company has a right-of-way running east
to west through the property, 2840 feet long and 65 feet wide.
is 1450 feet north of the 26 inch Algonquin gas main.

Unit 2

The Georgia

Pacific Corporation has an easement, 1610 feet long and 30 feet wide,
along the southerly property line of the Indian Point site.

The Georgia-_

Pacific easement is used for overhead electrical power and telephone
lines, and underground gas, water and sewer lines.

A permanent

easement for the Village of Buchanan sewer crosses the eastern corner
of the property.

It is 20 feet wide, 900 feet long and 2300 feet east

of Unit No.2.

2.2-1

00..Oi°O*00

H

U D

S 0 N

.

RI

V E R

FIGURE 2.2- 2
SCALE PLOT PLAN OF THE SITE
SHOWING LOCATION OF THE FACILITY
INDIAN POINT STATION
BUCHANAN, N.Y.
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The remainder of the safety analysis assumes that for the next 30
days, 35% of the winds are in the 20 0sector corresponding to the
nocturnal down-valley flow and that wind speed and thermal stability
are as observed over the period of one year as measured at the 100 ft.
tower location.

If the observations were distributed uniformly through

out the year, slightly over 100 hours per month of 005-020 0 winds
could be expected to occur.

The analysis assumes 276 hours of 005-020 0

winds occur in the first 31 days after the accident, and that about
130 of these hours are charcterized by inversion conditions.

Approximately

35 weak pressure gradient days were observed in Sept.-Oct. 1955 or
about 430 hours per month.

From Figure 2.6-3 the hours during which

the down-valley flow is quite reliable under weak pressure gradient
conditions are from 00-08 hours.

Assuming that the reliability is

1.0 during these hours (it is in fact about 0.9 or less), the number
of down-valley inversion winds per month during Sept. and Oct. is on
the order of 140 hours per month.

This indicates that the meteorology

assumed in the Safety Analysis beyond the first 24 hours is about
right for the worst months (September and October) and is undoubtedly
conservative with varying degrees of conservatism for about ten months
of the year.

The inversion frequency assumed for the 30 day accident case is conserv
ative because the evaluation is made from joint assumptions concerning
the postulated meteorological conditions viz.,

1.

Inversion conditions prevail for 42.4% of the time

2.

The wind direction is within a narrow 200 sector for 35% of the
time

This is equivalent to assuming that in the model 20 0 sector, the in
version frequency is 14.8 percent for the 30 day period.

The observed

annual maximum inversion frequency for a 20 0 sector is 6.2% (p. 29,
Table 3-3, NYU Tech.

Report 372.3, Section 1.6).

If we assume that

the inversion frequency is spread uniformly throughout the year,
almost three months worth of inversions in the model 20 0sector are
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considered to occur in the first 31 day month after the accident.
The assumption of uniform spread of inversion frequency over the year
is examined above where an attempt is made to isolate those local
meteorological conditions at Indian Point which might yield the
highest 30 day dose.

It is concluded that the "worst" meteorological

conditions are associated with the nocturnal down-valley flow which is
most frequent during September and October.

The rainout study of Section 14 considers two typical weather conditions.
A continuous 24 hour rain associated with a fixed wind direction is an
unlikely event as stated in a previous paragraph.

Furthermore, the

two reservoirs which have been selected for the analysis are not in
directions of predominant winds under precipitation.

Precipitation

in the direction of one or the other reservoir occurs only about 1%
of the time.

The second case studies the consequences of a thunder

storm above a reservoir associated with a wind blowing from the reactor
site.

The probability of such an occurrence is about 0.1% for each

of the reservoirs.
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REACTOR

The reactor core is a three-region cycled core.

The fuel rods are cold

worked Zircaioy tubes containing slightly enriched uranium dioxide fuel.

The fuel assembly is a canless type with the basic assembly consisting of
the RCC guide thimbles welded to the grids and the top and.bottom nozzles.
The fuel rods are held by the spring clip grips in this assembly which
provide a very stiff support for the fuel rods.

Full length and part length rod cluster control assemblies and burnable
poison rods are inserted into the guide thimbles of the fuel assemblies.
The absorber sections of the control rods are fabricated of silver-indium

cadmium alloy sealed in stainless steel tubes.

The absorber material in

the fixed burnable poison rods is in the form of borosilicate glass sealed
in stainless steel tubes.

The control rod drive mechanisms for the full length RCC assemblies are of

the magnetic lat[h type.

The latches are controlled by three magnetic coils.

They are so designed that upon a loss of power to the coils, the rod cluster
control assembly is released and falls by gravity to shut down the reactor.

The mechanisms for the part length control rods, which are normally in the
core, are of a roller nut type mechanism which move at slow speed and
stop motion on complete loss of power.

Therefore complete loss of power

to these mechanisms will not result in any significant reactivity change.

3.1

3.1.1

DESIGN BASES

PERFORMANCE OBJECTIVES

The initial reactor thermal power objective is 2758 MWt.
cation is for this power rating.

The license appli

Calculations indicate that hot channel

factors will be considerably less than those used for design purposes in
this application.
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The turbine-generator and plant heat'removal systems have been designed
for a thermal rating of 3083 Mwt.

The portions of the safety analysis

dependent on heat removal capacity of plant and safeguards systems have
assumed the maximum calculated power rating o
ations of activity release and

3216 Mwt as have the evalu

radiation exposure.

The reactor core fuel loading and programing is designed to yield the first
cycle average burnup of 14,500 MWD/MTU and equilibrium discharge burnup of
33,000 MWD/MTU.

The fuel rod cladding is designed to maintain its integrity

for the anticipated core life.

The effects of gas release, fuel dimensional

changes, and corrosion-induced or irradiation-induced changes in the mechan
ical properties of cladding are considered in the design of the fuel
assemblies.

Rod Control Clusters are employed to provide sufficient reactivity control
to terminate any credible power transient prior to reaching the design minimum
departure from nucleate boiling (DNB) ratio of 1.30.

This is accomplished

by ensuring sufficient control cluster worth to shut the reactor down by
at least 1% in the hot condition with the most reactive control cluster stuck
in the fully withdrawn position.

Redundant equipment is provided to add soluble poison to the reactor coolant
in the form of boric acid to maintain shutdown margin when the reactor is
cooled to ambient temperatures.

In addition, the control rod worth in conjunction with the boric acid injection
from the boric acid injection tank is sufficient to prevent return to critical
as a result of the maximum credible steam break (one safety valve stuck fully
open) even assuming that the most reactive control rod is in the fully
withdrawn position.

Experimental measurements from critical experiments or operating reactors, or
both, are used to validate the methods employed in the design.

During design,

nuclear parameters have been calculated for every phase of operation of the
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3.2

REACTOR DESIGN

3.2.1

NUCLEAR DESIGN AND EVALUATION

This section presents the nuclear characteristics of the core and an
evaluation of the characteristics and design parameters which are significant
to design objectives.

The capability of the' reactor-to achieve these

objectives while performing safely under normal operational modes, including
both transient and steady state, is demonstrated.

Nuclear Characteristics of the Design

A summary of the reactor nuclear design characteristics is presented
in Table 3.2.1-1.

Reactivity Control Aspects

Reactivity control is provided by neutron absorbing control rods and
by a soluble chemical neutron absorber (boric acid) in the reactor coolant.
The concentration of boric acid is variedas.necessary during the life
of the core to compensate for:

(1) changes in reactivity which occur

with change in temperature of the reactor coolant from cold shutdown
to the hot operating, zero power conditions; (2) changes in reactivity
associated with changes in the fission product poisons xenon and samarium;
(3) reactivity losses associated with the depletion of fissile inventory
and buildup of long-lived fission product poisons (other than xenon and
samarium); and (4) changes in reactivity due to burnable poison burnup.

The control rods provide reactivity control for:

(1) fast shutdown;

(2) reactivity changes associated with changes in the average coolant
temperature above hot zero power (core average coolant temperature is
increased with power level); (3) reactivity associated with any void
formation; (4) reactivity changes associated with the power coefficient
of reactivity.
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Chemical Shim Control

Control to render the reactor subcritical at temperatures below the
operating range is provided by a chemical neutron absorber (boron).

The

boron concentration- during refueling,ohas been established as shown in Table
3.2.1-1, line 29. This concentration together.with the control rods provides
approximately 10 per cent shutdown margin for these operations.

The concen

tration is also sufficient to maintain -the core shutdown without any RCC
rods during refueling. For cold shutdown, at the beginning of core life,
a concentration (shown in Table 3.2.1-1, line 37) is sufficient for one
per cent shutdown with all but the highest worth rod inserted. The boron
concentration (Table 3.2.1-1, line 29) for refueling is equivalent to less
than two per cent by weight boric acid (H3 BO3 ) and is well within solubility
limits at ambient temperature.

This concentration is also maintained in

the spent fuel pit since it is directly connected with the refueling canal
during refueling operations.
The initial full power boron concentration without equilibrium xenon and.

samarium is 1175 ppm.

As these fission product poisons are built up, the

boron concentration is reduced to 780,ppm.

,

of
This initial boron concentration is that which permits the withdrawal
the control banks to their operational limits with the part length rods
The xenon-free hot, zero power shutdown (k = 0..99) with all but the
highest worth rod inserted, can be maintained with the boron concentration
out.

of 750 ppm.

This concentration is less than the full power operating value

with equilibriumxenon.

Control Rod Requirements
to compensate
Neutron-absorbing control rods provide reactivity control
into two
for more rapid variations, in.reactivity.. The rods are divided
changes
categories according to their function. Some rods compensate for
of the reactor
in reactivity due to variations in operating conditions
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Part Length Rods

The e[ght RCC assemblies with part length rods cari be inserted into the core
to cointrol the axial power dlstribution.
the reactor is tripped.

These assemblies do not drop wlhen

The part length rods do not contribute to shutdown

by themselves; they can, however, increase shutdown by flattening the power
distribution at low power levels.

No credit has been taken for this additional

shutdown.

Xenon Stability Control

Part length control rods are provided to suppress xenon induced power oscillations
in the axial direction, should they occur.

Out-of-core instrumentation is

provided to obtain necessary information concerning power distribution.

This

instrumentation is adequate to enable the operator to monitor and control
xenon induced power oscillations. Extensive analyses, with confirmation of
methods by spatial transient experiments at Haddam Neck, has shown that any
induced radial or diametral xenon transients would die away naturally.

A

full discussion of xenon stability control can be found in Reference 2.

Excess Reactivity Insertion Upon Reactor Trip

The control requirements are nominally based on providing one per cent shutdown
at hot, zero power conditions with the highest worth rod stuck in its fully
withdrawn position or to prevent return to criticality following a credible
steam-line break, whichever is the more limiting.

The condition where excess

reactivity insertion is most critical is at the end of a cycle when the steam
break accident is considered.

The excess control available at the end of

cycle, hot zero power condition with the highest worth rod stuck out is 1.95%
Ap after allowing a 10% margin for uncertainty in control rod worth as shown
in Table 3.2.1-2.

Calculated Rod Worths

The complement of 53 full length control rods arranged in the pattern shown
in Figure 3.2.1-1 meets the shutdown requirements.

Table 3.2.1-3 lists the

calculated worths of this rod configuration for beginning and end of the
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first cycle.

In order to be sure of maintaining a conservative margin between

calculated and required rod worths, an additional amount has been added to
account for uncertainties in the control rod worth calculations.

The calculated reactivity worths listed are decreased in the design by.10
per cent to account for any errors or uncertainties in the calculation.

This

worth is established for the condition that the highest worth rod is stuck
in the fully withdrawn position in the core.
A comparison between calculated and measured rod worths in operating reactor
shows the calculation to be well within the allowed uncertainty of 10%.

Reactor Core Power Distribution

In order to meet the performance objectives without violating safety limits,
the peak to average power density must be within the limits set by the nuclear
hot channel factors.

the peak power point in the core, the nuclear heat
For N

flux hot channel factor, Fq , is 3.12. For the hottest channel the nuclear
N
enthalpy rise hot channel factor, FAH is 1.75.
Extensive power distribution analyses are performed for the core and support
the assertion that the design objectives are achieved. Figures 3.2.1-2 through
3.2.1-5 show variation of hot channel factors for various rod positions. These
calculations do not include the power flattening effect of equilibrium xenon
and Doppler broadening.
is also performed.

Analysis of the core power distribution with burnup

In-core instrumentation will be employed to check the

•

power distributions throughout core lifetime.
but
Eight part length rods, which are similar to the standard control rods
which have absorber material in only the bottom three feet, are located in
the core as shown in Figure 3.2.1-1.

The function of these rods is to shape

the axial power distribution and to control axial xenon oscillations.
The control system for axial power distribution control is based on manual
operation of the part length rods. Administrative procedures, alarm functions,
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and in a chemical shim core, the rods are only partially inserted.

Also,

the chemical poison density-is decreased with the water density upon an
increase in temperature.

This gives rise to a positive component of the

moderator temperature coefficient due to boron being removed from the core.
This is directly proportional to the amount of reactivity controlled by
the dissolved poison.

In order to reduce the dissolved poison requirement for control of excess
reactivity, burnable poison rods have been incorporated in the core design.
The result is that changes in the coolant density will have less effect
on the density of poison and the moderator temperature coefficient will
be reduced.

The burnable poison is in the form of borated pyrex glass rods clad in
stainless steel.

There are 1160 of these rods in the form of clusters

distributed throughout the core in vacant rod cluster control guide tubes
as illustrated in Figures 3.2.1-7 and 3.2.1-8 and 6.

Information regarding

research, development and nuclear evaluation of the burnable poison rods
can be found in reference 1.

These rods will initially control 7.3% Ap

of the installed excess reactivity and their addition will result in a
reduction of the initial
to 1330 ppm.

hot zero power boron concentration in the coolant

The moderator temperature coefficient is negative at the

operating coolant temperature with this boron concentration and with burnable
poison rods installed.

The effect of burnup on the moderator temperature coefficient is calculated
and the coefficient becomes more negative with increasing burnup.

This

is due to the buildup of fission product with burnup and dilution of the
boric acid concentration with burnup.

The reactivity loss due to equilibrium

xenon is controlled by boron, and as xenon builds up, boron is taken out.
The calculated net effect and the predicted unrodded moderator temperature

coefficient equilibrium xenon at full power BOL is -0.55 x 10 /'F. With
core burnup, the coefficient will become more negative as a boron is removed
because of a shift in the neutron energy spectrum due to the buildup of plutonium
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and fission products.

At end of life with no boron or rods in the core,

the moderator coefficient is -3.0 x 104 /O0F.
The control rods provide a negative contribution to the moderator coef
ficient as can be seen from Figure 3.2.1-9.
Moderator Pressure Coefficient
The moderator pressure coefficient has an opposite sign to the moderator
temperature coefficient. Its effect on core reactivity and stabilty is
small because of the small magnitude of the pressure coefficient, a change
of 50 psi in pressure having no more effect on reactivity than half-degree
change in moderator temperature. The calculated beginning and end of life
pressure coefficients are specified in Table 3.2.1-1, Line 43.
Moderator Density Coefficient
A uniform moderator density coefficient is defined as a change in the neutron
multiplicati Ion per unit change in moderator density.' The range of the
moderator density coefficient from BOL to EOL is specified in Table 3.2.1-1,
Line 44.
Doppler and Power Coefficients
The Doppler coefficient is defined as the change in neutron multiplication*
per degree change in fuel temperature. The coefficient is obtained by
calculating neutron multiplication as a function of effective fuel temperature
by the code LEOPARD. ()The results are shown in Figure 3.2.,1-10.

multiplication is defined as the ratio of the average number of
neutrons produced by fission in each generation to the total number of
corresponding neutrons absorbed.

*Neutron
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5.1.2

5.1.2.1

CONTAINMENT SYSTEM STRUCTURE DESIGN

General Description

The reactor containment structure is a reinforced concrete vertical right
cylinder with a flat base and hemispherical dome.

A welded steel liner

with a minimum thickness of 1/4-inch is attached to the inside face of the
concrete shell to insure a high degree of leak-tightness.

The design

objective of the containment structure is to contain all radioactive
material which might be released from the core following a loss-of-coolant
accident.

The structure serves as both a biological shield and a pressure

container.

The structure, as shown on Figures 5.1-1 through 5.1-7 consists of side walls
measuring 148-feet from the liner on the base to the springline of the dome,
and has an inside diameter of 135-feet.

The side walls of the cylinder and

the dome are 4-ft 6-in. and 3-ft. 6-in. thick respectively.

The inside radius

of the dome is equal to the inside radius of the cylinder so that the discon
tinuity at the springline due to the change in thickness is on the outer
surface.

The cylinderical part of the liner is substantially round.

The

difference between the minimum and maximum inside diameters at any selected
cross section does not generally exceed 0.25% of the nominal diameter at that
elevation.

Between elevations +43 and +95,

the maximum diameter of any cross

section is 135'-2", and the minimum diameter is 134'-10".

Above elevation

+95 the tolerance on inside diameter does not exceed 0.50% of the nominal
diameter of the selected cross section.

The liner is erected true and plumb

so that the deviation does not exceed 1/500 of the height at the selected
cross section (allowing for 2" local buckling of the liner plates).

Particular care is taken in matching edges of cylindrical and hemispherical
sections to insure that all joints are properly aligned.

Maximum permissible

offset of completed joints is 25% of nominal plate thickness.

Plates

buckled beyond acceptable limits are cut out and replaced with new plates.
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The flat concrete base mat is 9-ft. thick with the bottom liner plate
located on top of this mat.

The bottom liner plate is covered with 3-ft.

of concrete, the top to which forms the floor of the containment.

Where uplift from pressure occurs at the outer areas of the mat, the 9 ft.
thick mat has sufficient flexural capacity to resist the uplift until it is
dissipated.

No hydraulic uplift exists since the bottom elevation of the mat is consider
ably higher than that of the high water level.

The large mass of the containment including interior concrete and equipment
makes the structure inherently stable from overturning due to seismic motion.

0
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Class 5 (Normally Closed Lines Penetrating the Containment)

Lines which penetrate the containment and which can be opened to the containment
atmosphere but which are normally closed during reactor operation are
provided with two isolation valves in series or one isolation valve and
one blind flange.

One valve or flange is located inside and the second

valve or flange located outside the containment.

Class 6 (Special Service)

There are a number of special groups of penetrating lines and containment
access openings.

These are discussed below.

Each ventilation purge duct penetration is provided with two tight-closing
butterfly valves, which are closed during reactor power operation and are
actuated to the closed position automatically upon a containment isolation
or a containment high radiation signal. One valve is located inside and
one valve is located outside the containment at each penetration. The
space between valves is pressurized by air from the Penetration and Weld
Channel Pressurization System whenever they are closed;
The containment pressure relief line is similarly protected.

However, since

the line can be opened during reactor power operation, three tight closing
butterfly valves in series are provided, one inside and two outside the
containment.

These valves also are actuated to the closed position upon a
containment isolation or containment high radiation signal. The two intra
valve spaces are pressurized by air from the Penetration and Weld Channel Pres
surization System whenever they are closed.

The equipment access closure is a bolted, gasketed closure which is sealed
during reactor operation. The personnel air locks consist of two doors
in series with mechanical interlocks to assure that one door is closed
at all times. Each air lock door and the equipment closure are provided
with double gaskets to permit pressurization between the gaskets by
the Penetration and Weld Channel Pressurization System, Section 6.6.
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The fuel transfer tube penetration inside the containment is designed to
present a missile protected and pressurized double barrier between the
containment atmosphere and the atmosphere outside the containment. The
penetration closure is treated in a manner similar to the equipment access
hatch.

A positive pressure is maintained between these gaskets to complete

the double barrier between the containment atmosphere and the inside of
the fuel transfer tube.
pressurized.

The interior of the fuel transfer tube is not

Seal water injection is not required for this penetration.

The following lines would be subjected to pressure in excess of the
Isolation Valve Seal Water System design pressure (150 psig) in the
event of an accident, due to operation of the recirculation pumps:
1.

Residual heat removal loop inlet line

2.

Bypass line from residual heat exchanger outlet to safety
injection pumps suction

3.

Residual heat removal loop sample line

4.

Recirculation pump discharge sample line

Lines 1. and 2. are isolated by double disc gate valves, while 3. and 4.
are each isolated by two globe valves in series.

These valves can be

sealed by ni'trogen gas from the high pressure nitrogen supply of the
Isolation Valve Seal Water System.

A seil contained pressure regulator,

operates to maintain the nitrogen injection pressure slightly higher than
the maximum expected line pressure.

These valves are closed during

power operation, and the nitrogen gas injection is manually initiated.

Lines which communicate with the containment atmosphere At all times (normally
filled with air or vapor) include:

1.

Steam jet air ejector return line to containment

2.

Containment radiation monitor inlet and outlet lines0
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In an accident condition the space between the two containment isolation
valves in each line are sealed by pressurizing with air from the Penetration
and Weld Channel Pressurization System.

The air is introduced into each

space at approximately 2 psi above the containment design pressure through a
separate line from the Penetration and Weld Channel Pressurization System.
Parallel (redundant) fail open valves in each injection line open on the
appropriate containment isolation signal to provide a reliable supply of
pressurizing air.

A flow limiting orifice in each injection line presents

excessive air consumption if one of these valves spuriously fails to open,
or if one of the containment isolation valves fails to respond to the "trip"
signal.
5.2.2.1

Isolation Valves and Instrumentation Diagrams

Figures 5.2-1 through 5.2-21 show all valves in lines leading to the atmosphere
or to closed systems on both sides of the containment barrier, valve actuation
and preferential failure modes, the application of "trip" (containment isolation)
signals, relative location of the valves with respect to missile barriers, and
the boundaries of Seismic Glass I designed lines.

Figure 5.2--23 defines the

nomenclature and symbols used.
5.2.2.2

Valve Parameters Tabulation

A summary of the fluid systems lines penetrating containment and the valves
and closed systems employed for containment isolation is presented in
Table 5.2-1.

Each valve is described as to type, operator, position indication

and open or closed status during normal operation, shutdown and accident
conditions. Information is also presented on valve preferential failure mode,
automatic trip by the containment isolation signal, and the fluid carried
by the line.
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Containment isolation valves are provided with actuation and control equipment
appropriate to the valve type.

For example, air operated globe and diaphragm

(Saunders Patent) valves are generally equipped with air diaphragm operators,
with fail-safe operation provided by the control devices in the instrument
air supply to the valve.

Motor operated gate valves are capable of being

supplied from reliable on-site emergency power as well as their normal power
source'.

Manual and check valves, of course, do not require actuation

or control systems.

The automatically tripped isolation valves are actuated to the closed position
by one of two separate containment isolation signals.

The first of these

signals is derived in conjunction with automatic safety injection actuation,
and trips the majority of the automatic isolation valves.

These are valves

in the so-called "non-essential"* process lines penetrating the containment.
This is defined as "Phase A" isolation and the trip valves are designated by
tle letter "T" in the isolation diagrams, Figures 5.2-1 through 5.2-21

This

signal also initiates automatic seal water injection (See Section 6.5).

The

second, or "Phase B", containment isolation signal is derived upon actuation
'of the containment spray system, and trips the automatic isolation valves
in
the so-called "essential"* process lines penetrating the containment.

These

trip valves are designated by the letter "P" in the isolation diagrams.

A manual containment isolation signal can be generated from the control room.
This signal performs the same functions as the automatically derived "T"
signal, i.e. "Phase A" isolation and automatic seal water injection.

Non-automatic isolation valves, i.e., remote stop valves and manual valves,
are used in lines which 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.

*"Non-essential" process lines are defined as those which do not increase
the potential for damage to in-containment equipment when isolated. "Essential"
process lines are those providing cooling water and seal water flow through the
reactor coolant pumps. These services should not be interrupted unless absol
utely necessary while the reactor coolant pumps are operating.
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Standard closing times available with commercial valve models are adequate
for the sizes of containment isolation valves used.

Valves equipped with

air-diaphragm operators generally close in approximately two seconds.
The typical closing time available for large motor operated gate valves
is ten seconds.

The large butterfly valves used to isolate the containment ventilation
purge ducts are equipped with air-diaphram operators, with spring returns
capable of closing the valves in two seconds.

These valves fail to the

closed position on loss of control signal or instrument air.
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5.2.2.3

'Valve 'OperabilityW

All containmerit isblatidn .vatvei actuators and, control s.are locatd

soas: to

be protected -against'missiles-which- could be generated -as :the';resLtt:
of coolant accident.

aldss
-of

Only valves so protected are considered ,to.qualifyas-

containment isolation valves.

Only isolation valves located- inside containment are subject to the:'high,
pressure, high t-emperature,'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:

a.

All components in the valve installation, including valve bodies, trim
and moving parts, actuators, instrument air and control and power
wiring, are constructed of materials sufficiently temperature resistant
to be unaffected by the accident environment.

Special attention is

given to electrical insulation, air operator diaphragms and stem packing
material.

b.

In addition to normal pressures, the valves are designed to withstand
maximum pressure differentials in the reverse direction imposed by the
accident conditions.

This criterion is particularly applicable to the

butterfly type isolation valves used in the containment purge lines.
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TABLE 5.2-1 (Cont'd)

CONTAINMENT PIPING PENETRATIONS

AND VALVING

L

(Page 2 of 10)
Posit.

Penetration
and System

Dia
gram

Valve
No. or
Closed
System

Indic.
Valve
Type

Oper.
Type

In
Cont.
Room

Posit.
Normal
Posit.

Posit.
During
Shutdown

Posit.
After
Accident

On
Power
Fail

Cont.
Isolation
Trip

Sealing
Method

Used
After
Accid

Fluid
Gas
Or

Temp.
Hot >200F

Cnld'<2OO°F

6.

7.

Residual Heat Removal
Loop Out - ACS

5.2-2

Containment Sump
Recirculation Line
ACS/SIS

5.2-2

5.2-3

8. Letdown Line
CVCS

Charging Line CVCS

10.

Reactor Coolant
Pump Seal Water
Supply Lines - CVCS

5.2-3

5.2-4

Gate
DDV
Globe
Gate

Motor
Manual
Motor
Motor

Yes
No
Yes
Yes

Closed
L.C.
Closed
Closed.

Open
Open
Open
Open

Closed
Closed
Closed
Closed

A
B

Gate
Gate

Motor
Motor

Yes
Yes

Closed
Open

Closed
Open
Closed

Open
Open

A
B

Globe
Globe

Air
Air

-Yes
Yes

Open
Open

Closed
Closed

Closed
Closed

FC
FC

A
B

Check
Gate

Manual

No
No

Open
Open

Closed
Closed

Closed
Closed

As is

-

Water (M)

C
C2

Globe
Globe

Manual
Manual

No
No

Open
Closed

Closed
Closed

Closed
Closed

As is
As is

-

Water

A
B
C

Check
Globe
Needle

Open
Open
Open

Closed

Manual
Manual

Closed
Open
Open

As is
As is

-

Closed
Open

As is
FAI
FAI

Notes

Nns

warelr<00F

Water
Water
Water

Cold

Yes

Water

(A)

Water

(A)

-

No

W

Cold

(M)

-

Yes

Water (M)
Water (M)

Cold

Manual isolation when RC
pumps are stopped
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TABLE 5.2-1 (Cont'd)

CONTAINMENT PIPING PENETRATIONS AND VALVING
(Page 3 of 10)

Penetration
and System

Valve
No. or
Closed
System

Diagram

Posit.

Valve

Oper.

Indic.
In
Cont.

Type

Type

Room

Posit.
Norma 1
Posit .

Posit.
During
Shutdown

Posit.
After
Accident

On
Power
Fail

Cont.
Isolation
Trip

Sealing
Method

Used
After
Accid.

Fluid
Gas
Or

Temp.
Hot >200*F
Cold ,<200OF Notes

Waethod
0
Cold <200 F
U~ t pr
11.

12.

13.

14.

;
115.

16.

Reactor Coolant
Pump Seal Water
Return - CVCS

5.2-4

Reactor Coolant
System Sample Lines
- SS

5.2-5

Fuel Transfer
- FH

5.2-5

Tube

Containment Spray
Headers (2) - SIS

Safety Injection
Headers (2) - SIS

Safety Injection
Test Line - SIS

5.2-6

5.2-7

5.2-7

A
B1
B2

DDV
Dia.
Dia.

Motor
Manual
Manual

A
B

Globe
Globe

Air
Air

A
B

Blind
Flange
Gate

A
B
B2

Open
Open
Closed

Open
Open
Open

Closed
Closed
Closed

FAI
As is
As is

Yes
Yes

Closed
Closed

Closed
Closed

Closed
Closed

FC
FC

No

Closed

No

Closed

Open

Closed

As is

DDV
Check
Globe

Manual

No
No
No

Open
Closed
LC

Closed

Open
Open
Closed

As is
As is

A
B1
B2

Gate
DDV
DDV

Motor

A
B

Globe
Globe

Manual
Manual

Manual
Motor

No
No

Water

(A)

Cold

Water

(A)

Hot

As is

Manual

Manual

P

Closed
Closed

Cold

Water (M)

Closed
LO
Open

Open
Closed

Open
Open
Open

As is
FAI

Water (M)
Water (M)

LC
LC

Closed
Closed

Closed
Closed

As is
As is

Water

(A)

Water

(A)

Closed

Notes

Flange is double gasketed
type, located in refueling
canal (Missile Protected)

Cold

Cold

Cold

F-3
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TABLE 5.2-1 (Cont'd)

CONTAINMENT PIPING PENETRATIONS AND VALVING
(Page 6 of 10)

29.

Oper.

Posit.
Indic.
In
Cont.

Penetration

Dia-

Valve
No. or
Closed

and System

gram

System

Type

Type

Room

Posit.

ShutOown

Accident

Fail

Trip

Mehou

Aclu.

water

Excess Letdown
Heat Exchanger
Cooling Water In
ACS

5.2-13

A
B

Dia.
Dia.

Air
Air

Yes
Yes

Closed
Closed

Open
Open

Closed
Closed

FC
FC

T
T

Water (A)
Water (A)

No

W

Cold

Excess Letdown
Heat Exchanger
Cooling Water Out
ACS

5.2-13

A
B

Globe
Dia.

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

Water (A)
Water (A)

No

W

Cold

Containment Sump
Pump Discharge - WDS

5.2-13

A
B

Dia.
Dia.

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

Water (A)
Water (A)

No

W

Cold

Containment Air
Sample In - Rad.
Mon.

5.2-14

A
B

Dia.
Dia.

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

Air

(A)

No*

G

Cold

*May be opened for air
sampling following accident
when the containment pressure
is below 5 psig

Containment Air
Sample Out Rad. Mon.

5.2-14

A
B

Dia.
Dia.

Air
Air

Yes
Yes

Open
Open

Open
Open

Closed
Closed

FC
FC

T
T

Air (A)

No*

G

Cold

.*May be opened for air
sampling following accident
when the containment pressure
is below 5 psig

Air Ejector Discharge
To Containment Sec. Sys.

5.2-14

A
B

Globe
Globe

Air
Air

Yes
Yes

Closed
Closed

Closed
Closed

Closed
Closed

FC
FC

P
P

Air

No

G

Valve

Normal

Posit.
During

Posit.
After

Posit.
On
Power

Cont.
Isolation

Sealing

Used
After

Fluid
Gas
Or

Temp.
0
Hot >200 F

A, , ii

(A)

1v

-F

Noes

Cold

Supplement 13
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TABLE 5.2-1 (Cont'd)
CONTAINMENT PIPING PENETRATIONS AND VALVING
(Page 9 of 10)
Posit.

Penetration
and System

44.

Valve
No. or
Closed
System

Diagram

Dead Weight

5.2-17

Auxiliary Steam
Supply

-

5.2-18

Indic.
In
Cont.
Room

Normal
Posit.

Posit.
During
Shutdown

Posit.
After
Accident

Posit.
On
Power
Fail

Globe

Manual

No

Closed

Closed

B

Closed

Globe

Manual

As is

No

Closed

Closed

Closed

As is

Manual

No

LC

Closed*

Closed

As is

A

Sec. Sys.

Oper.
Type

'A

Tester (Misc.)

45.

Valve
Type

DDV

Cont.
Isolation
Trip

Sealing
Method

Water (A)

C.S.

Used
After
Accid.

Fluid
Gas
Or
Water

No

G

Cold

No

G

Hot

Temp.
Hot >200'F '
Cold <200*F

Notes

*May be opened during

shutdown for cont. heating
Auxil. Steam System
46.

Auxiliary Steam

5.2-18

Sec.
Condensate
Sys.
Return -

A

DDV"

C.S,

Manual

No

-

LC

Closed*

Closed

As is

Water (A)

Lo
W
-Sshutdownfor

Cold

be opened
shutdown

*Auxili-ary

teamneSystem

containment heating

Auxiliary Steam System

47.

48.

49.

50.

City Water
- Sec. Sys.

5.2-18

Purge Supply DuctVent. Sys.

Purge Exhaust Duct
- Vent. Sys.

Containment
Pressure Relief
Vent. Sys.

5.2-19

5.2-19

5.2-19
-

A
B

A
B

A
B

A
B
C

Dia.

Manual

No

Closed

Closed

Dia.

Closed

Manual

As is

No

Closed

Closed

Closed

As is

Air
Air

Yes
Yes

Closed
Closed

Open
Open

Closed
Closed

FC
FC

BV
BV

Air
Air

Yes
Yes

Closed
Closed

Open
Open

Closed
Closed

BV
BV
BV

Air
Air
Air

Yes
Yes
Yes

Closed
Closed
Closed

Closed
Closed
Closed

Closed
Closed
Closed

BV
BV

Water (A)

No

W

Cold

T*
T*

Air

(A)

No

G

Cold

*Also tripped closed by
high radiation signal

FC
FC

T*
T*

Air (A)

No

G

Cold

*Also tripped closed by
high radiation signal

FC
FC
FC

T*
T*
T*

Air

No

C

Cold

Opened intermittently for
pressure relief
*Also tripped closed by

(A)

high radiation signal

F-9
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TABLE 5.2-1 (Cont'd)
CONTAINMENT PIPING PENETRATIONS AND VALVING
(Page 10 of 10)

Posit.

Valve
No. Or
Closed
System

Valve
Type

Oper.
Type

A
B

Globe
Globe

Manual
Manual

Indic.
In
Cont.
Room

Posit.

Posit.

During
Shutdown

After
Accident

Posit.
On
Power
Fail

Closed
Closed

Open
Open

Closed
Closed

As is
As is

Closed
Closed

Closed
Closed

Water (A)
Water (A)

Hot
Hot

Closed
Closed

Closed
Closed

Water (A)
Water (A)

Hot
Hot

Open

Open

Penetration
and System

Dia
gram

51.

Recirculation
Pump Discharge
Sample Line

5.2-20

52.

Reactor Coolant
System Sample
Line

5.2-21

Globe
Globe

Yes
Yes

Closed
Closed

53.

Reactor Coolant
System Sample

5.2-21

Globe
Globe

Yes
Yes

Closed
Closed

Containment
Pressure
Instrumentation

5.2-21

A

Globe

Manual

Normal
Position

Open

As is

Cont.
Isolation
Trip

Sealing
Method

Used
After
Accid.

Fluid
Gas
Or
Water

Temp.
Hot >200°F
Cold <2000 F

Water (A)
Water (A)

Cold

Supplement 13
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LINE NO.

I

PRESSURIZER R-LIEF TANK TO GAS ANALYZER

LINE NO.

2

PRESSURIZER RELIEF TANK N2 SUPPLY

LINE NO.

3

PRESSURIZER RELIEF TANK MAKEUP

TO VENT HEADER
(LINE NO. 19)

GAS
-- WANAL.

-1

N2
SUPPLY

T
WATER

ALTHOUGH THE PRESSURIZER RELIEF TANK IS
MISSILE PROTECTED, THESE PENETRATING
LINES CAN BECOME EXPOSED TO CONTAINMENT
ATMOSPHERE IN THE PRESSURIZER DISCHARGE
HEADER IS BREACHED DURING THE ACCIDENT.
Supplement 13
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Figure 5.2-1

LINE NO.

4

RESIDUAL HEAT REMOVAL RETUR

LINE NO.

5

RESIDUAL HEAT REMOVAL LOOP TO S.I. PUMPS

LINE NO. 6

RESIDUAL HEAT REMOVAL LOOP OUT

LINE NO.

7

C

i

RESIDUAL

I

I

HEAT
EXCHANGER

I

RCS

AINMENT S

L------

RECIRCUIATION LINE

RESIDUAL
HEAT REMOVAL

Tl

I
P

2

SUMP

RCS .b

SUMP

I

MISSILE BARRIER
-

MANUAL N2 PRESSURIZATION
SAMPLING SYSTEM

CONTAINMENT

ENTIRE SYSTEM SHOWN IS
SEISMIC CLASS 1 DESIGN

Su

lement 1

v56URE 5.2-2

LINE NO.

41

SERVICE AIR

LINE NO. 42

INSTRUMENT AIR
-

-

V

-

-

-.

-ASWI

.4

SERVICE AIR

TYPICAL
q

T~
- INSTRUMENT AIR

(CLOSED SYSTEM)

I~~-CONTAINMvENT'

LINE NO.

LINE NO.

43

44

WELD CHANNEL PRESSURIZATION AIR SUPPLY

:

DEAD WEIGHT TESTER

PENETRATION PRESSURIZATION

SYSTEM
(CLOSED SYSTEM)

b"

K

IDEAD WEIGHT TESTER

MISSILE
BARRIER

I CONTAINME~NT

FIGURE 5.2-17
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LINE NO. 45

AUXJLIAUr

LINE NO. 46

AtIDLIARY STEAM CONDENSATE

LINE NO. 47

CITY WATIR

r

STEAM SUPPLY

IhL

IERN

-

AUX. STEAM SUPPLY

WIII

bAI
I.-J

aft.

i

0

ur1~1

v

CONDENSATE RETURN

CITY WATER

ASWI
CONTAINMENT

FIGURE 5.2-18
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LINE NO. 48

PURGE SUPPLY DUCT

LINE NO. 49

PURGE EXHAUST DUCT

TB
FROM PURGE SUPPLY FANS
0

S-I

MISSILE BARRIERI
CONTAINMENT

7

S

©

I II
LINE NO. 50

-N--

TO PURGE EXHAUST FANS

CONTAINMENT PRESSURE RELIEF

TO FAN

H

I

-PL.ANT

0

VENT

s-1-.--

a-MISSILE BARRIER

CONTAIN ENT-1

PPS

-

PETIEh'RATION PRESSURIZATION SYSTEM

FIGURE 5.2-19
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I

Line No. 51 RECIRCULATION PUMP DISCHARGE SAMPLE LINE

Sampling
System

©
ASWI

Outside Inside
Containment

..........
-.-

Line No. 52 PRESSURIZER STEAM SPACE SAMPLE
Line No. 53 PRESSURIZER LIQUID SPACE SAMPLE

h

T

A

Press. Steam
space

I

Sampling

'"-F-p.'-

System

Press.
jspace (RCS)

System

ASWI
Outside Inside
Containment
Figure 5.2-20
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Line Nos. 54, 55, and 56.

CONTAINMENT PRESSURE INSTRUMENTATION LINES

Outside Inside
Containment

Supplement 13
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LEGEND

OT aORS
Globe

Air diaphragm

Diaphragm (DIA)

Air cylinder

Gate
Motor

Double Disc Gate (DDV)

Check

INI

Butterfly (BY)

Relief
VALVE
Self contained
pressure regulator

OITION.- (NORMAL)
open

closed
Needle

ASWI
MSWI
AA
N2
LO
LC
T
p

AUTOMATIC SEAL WATER INJECTION
MANUAL SEAL WATER INJECTION
AUTOMATIC PRESSURIZATION WITH AIR
MANUAL PRESSURIZATION WITH NITROGEN
LOCKED OPEN
LOCKED CLOSED
TRIPPED CLOSED BY CONTAINMENT ISOLATION SIGNAL, PHASE A
TRIPPED CLOSED BY CONTAINMENT ISOLATION SIGNALPHASE B
LEGEND FOR SYMBOLS,
CONTAINMENT ISOLATI ON
SYSTEM
FIGURE 5.2-22
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Containment Ventilation System
Figure 5.3-1

ISOLATION VALVE SEAL WATER SYSTEM
6.5.1

DESIGN BASES

The Isolation Valve Seal Water System assures the effectiveness of those
containment isolation valves that are located in lines connected to the
Reactor Coolant System, or that could be exposed to the containment
atmosphere during any condition which requires containment isolation, by
prov .iding a water seal (and in a few cases a gas seal) at the valves. The
system provides a simple and reliable means for injecting seal water between
the seats and stem packing of the globe and double disc types of isolation
valves, and into the piping between closed disphragm type isolation valves.
This system operates to limit the fission product release from the
containment.
Although no credit is taken for operation of this system in the calculation
of off-site accident doses, it does provide assurance that the containment
leak rate is lower than that assumed in the accident analysis should an
accident occur.
Design provisions for inspection and testing of the Isolation Valve Seal
Water System are discussed in Section 6.5.5.
See Section 5.2, Containment Isolation System for containment isolation
diagrams (Figures 5.2-1 through 5.2-19), tabulation of isolation valve
parameters

(Table 5.2-1) and a description of the derivation of "Phase A"
and "Phase B" containment isolation signals. Section 5.2.2 discusses the
containment isolation valves that are sealed, post-accident, by air from the
Penetration and Weld Channel Pressurization System.
6.5.2

SYSTEM DESIGN AN'D OPERATION

System Description
The Isolation Valve Seal Water System flow diagram is shown in Figure 6.5-1.

6.5-1
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System operation is initiated either manually or by any automatic safety
injection signal.

When actuated, the Isolation Valve Seal Water System

interposes water inside the penetrating line between two isolation points
located outside the containment. The resulting water seal blocks leakage
of the containment through valve seats and stem packing.

The water is

introduced at a pressure slightly higher (approximately 52 psig) than the
containment design pressure of 47 psig.

The high pressure nitrogen supply

use d to maintain pressure in the seal water tank does not require any
external power source to maintain the required driving pressure.

The pos

sibility of leakage from the containment or Reactor Coolant System past the
first isolation point is thus prevented by assuring that if leakage does
exist, it will be from the seal water system into the containment.
The following lines would be subjected to pressure in excess of the Isolation
Valve Seal Water System design pressure (150 psig) in the event of an acci
dent, due to operation of the recirculation loop:

.1.

Residual heat removal loop inlet line

2.

Bypass line from residual heat exchanger outlet to safety injection
pumps suction

3.

Residual heat removal loop sample line

4.

Recirculation pump discharge sample line

Lines 1. and 2. are isolated by double disc gate valves, while 3. and 4.
are each isolated by two globe valves in series. These valves can be sealed
by nitrogen gas from the high pressure nitrogen supply of the Isolation
Valve Seal Water System. A self contained pressure regulator operates to
maintain the nitrogen injection pressure slightly higher than the maximum
expected line pressure. These valves are closed during power operation, and
the nitrogen gas injection is manually initiated.
The system includes one seal water tank capable of supplying the total
requirements of the system.

The tank is pressurized from the system's own

supply oIfhigh pressure nitrogen cylinders through pressure control valves.
Design pressure of the tank and injection piping* is 150 psig, and relief
injection piping runs and nitrogen supply piping are fabricated using
3/8 inch O.D. tubing, which is capable of 2500 psig service.
6.5-2Supplement 13
6.5-28/70

*The

valves are provided to prevent overpressurization of the system if a pressure
control valve fails, or if a seal water injection line communicates with
a high pressure line due to a valve failure in the seal water line.

.In certain lines approximately three inches and larger, double disc gate
valves are used for isolation.
Figure 6.5-2.
is closed.

A drawing of this valve is presented in

Redundant isolation barriers are provided when the valve

The upstream and downstream discs are forced against their

respective seats by the closing action of the valve.

Seal water is injected

through the valve bonnet and pressurizes the space between the two valve
discs.

The seal water pressure in excess of the potential accident pressure

eliminates any outleakage past the first isolation point.

For smaller lines, isolation is provided by two globe valves in series
with the seal water injected into the pipe between the valves.
are oriented such that the seal water wets the stem packing.

The valves
When the

valves are closed for containment isolation, the first isolation point
is the valve plug in the valve closest to containment, and the water seal
is applied between the valve plug and stem packing.

In a number of the

smaller lines, isolation is provided by two diaphragm (Saunders Patent)
valves in series, with the seal water injected into the pipe between the
valves.

The maximum acceptable leakage across both the seat and stem packing of
any gate or globe valve is 10 cc/hr/inch of nominal pipe diameter.

Tests

on these valves have indicated that much lower leakage rates can be expected.
However, design of the Isolation Valve Seal Water System is based on the
conservative assumption that all isolation valves are leaking at five
times the acceptable value, or 50 cc/hr/inch of nominal pipe diameter.
In addition, should one of the isolation valves fail to seat, flow through
the failed valve will be limited to approximately 100 times the maximum
.acceptable leakage value, or 1000 cc/hr/inch of nominal pipe diameter,
by the resistance of the seal water injection path.

A water seal at the

failed valve is assured by proper slope of the protected line, or a loop
seal, or by additional valves on the side of the isolation valves away
from the containment.

6.5-3
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The seal water tank is sized to provide at least a 24 hour supply of seal
water under the most adverse circumstances, i.e. isolation valves leaking
at the design rate of 50 cc/hr/i ch, plus the failure of the largest containmentW
isolation valve to seat and leaking at the maximum rate of 1000 ccfhrfinch.
The seal water volume required to satisfy these conditions is approximately
144 gallons.

A 176 gallon seal water tank is provided.

If all of the

isolation valves seat properly, as expected, the tank volume is sufficient
for approximately 2 1/2 days of operation at design seal water flow rates
before makeup is required.

Two separate sources of makeup water are provided

to ensure that an adequate supply of seal water is available for long
term operation.

(Primary water storage tank and city water system.)

Seal Water Actuation Criteria
Containment Isolation (Section 5.2) and seal water injection are accomplished
automatically for the penetrating lines requiring early isolation, and
manually for others, depending on the status of the system being isolated
and the potential for leakage in each case.

Generally, the following

criteria determine whether the isolation and se al water injection are
automatic or manual.
Automatic containment isolation and automatic seal water injection are
provided for lines that could communicate with the containment atmosphere
and be void of water following a loss-of-coolant accident.

These-lines

are as follows:
Reactor coolant pump cooling water supply and return lines (phase B
Isolation*)
Reactor coolant pump seal water return line (phase B isolation*)
Excess letdown heat exchanger cooling water supply and return lines
Letdown line
Reactor Coolant System sample lines
Containment vent header
Containment air sample inlet and outlet lines (air pressurization)
Reactor coolant drain tank gas analyzer line
Auxiliary steam supply and condensate return lines
Service air and service water lines
Steam jet ejector return line to containment (air pressurization)
Supplement 13
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Automatic containment isolation and automatic seal water injection are
also provided for the following lines, which are not connected directly
to the Reactor Coolant System, but terminate inside the containment at
certain components. These components can be exposed to the reactor coolant
or containment atmosphere as the result of leakage or failure of a related
line or component.
service.

The isolated lines are not required for post-accident

These lines are as follows:

Pressurizer relief tank gas analyzer line
Pressurizer relief tank makeup line
Safety Injection System test line
Reactor coolant drain tank pump discharge line
Steam generator blowdown lines
Steam generator blowdown sample lines
Accumulator sample line
Containment sump pump discharge
The residual heat pump suction line is also provided with automatic seal
water injection.
Manual containment isolation and manual seal water injection are provided
for lines that are normally filled with water and will remain filled
following the loss-of-coolant accident, and for lines that must remain in
service for a time following the accident. The manual seal water injection
assures a long term seal.

These lines are as follows:

Reactor coolant pump seal water supply lines
Charging Line
Safety injection headers
Containment spray headers
Manual containment isolation and manual seal gas injection are provided for
lines that are filled with water during the accident but which are at a
pressure higher than that provided by the Isolation Valve Seal Water System.
These lines must remain in service for a period of time following the accident,
or may be placed in service on an intermittent basis following the accident.
These lines are as follows:
6.5-5
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Residual heat removal loop inlet line
Bypass line from residual heat exchanger outlet to safety injection
pumps suction
Residual heat removal loop sample line

IRecirculation

pump discharge sample line.

Seal water injection is not necessary to insure the integrity of isolated
lines in the following categories:
Lines that are connected to non-radioactive systems outside the
containment and in which a pressure gradient exists which opposes
leakage from the containment.

These include nitrogen supply lines

to the pressurizer relief tank, accumulators, and reactor coolant
drain tank, the instrument air header, the weld channel pressurization
air lines, and the pressurizer deadweight tester line.
Lines that do not communicate with the containment or Reactor Coolant.
System and are missile protected throughout their length inside
containment.

These lines are not postulated to be severed or otherwise

opened to the containment atmosphere as a result of a loss-of-coolant
accident.

These include the steam and feedwater headers and the

containment ventilation system cooling water supply and return lines.
Lines that are designed for post-accident service as part of the
The only line in this category is the

engineered safety features.

containment sump recirculation line.

This line is connected to

a closed system outside containment.

Special lines such as the fuel transfer tube, containment purge
ducts, and the containment pressure relief line.

The zone between

the two gaskets sealing the blind flange to the inner end of the
fuel transfer tube is pressurized to prevent le akage from the containment
in the event of an accident.

The zone between the two butterfly

valves in each containment purge duct is pressurized above incident
pressure while the valves are closed during power operation, as
are the two spaces between the three butterfly valves in the containment*
pressure relief line.
Supplement 13
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Components

All associated components, piping, and structures of the Isolation Valve Seal
Water System are designed to Class I seismic criteria.

There are no components of this system located inside containment.

The piping and valves for the system including the air-operated valves, are
designed in accordance with the USAS Code for Pressure Piping (Power Piping
Systems),

6.5.3

B31.1.

DESIGN EVALUATION

The Isolation Valve Seal Water System provides an extremely prompt and
reliable method of limiting the fission product release from the contain
ment isolation valves in the event of a loss-of-coolant accident.

The employment of the system during a loss-of-coolant accident, while
not considered for analysis of the consequences of the accident, provides
an additional means of conservatism in ensuring that leakage is minimized.
No detrimental effect on any other safeguards system will occur should the
seal water system fail to operate.

System Response

Automatic containment isolation will be completed within approximately two
seconds following generation of the phase A containment isolation signal.
This is the estimated closing time of the air operated containment isolation
valves

(Section 5.2). Since the Isolation Valve Seal Water System is actuated

by this signal, automatic seal water injection will be in effect within this
time period.

Subsequent generation of the phase B isolation signal on containment high pressure
(spray actuation signal) will close a number of motor operated isolation
valves with an estimated closing time of 10 seconds.

6.5-7

Automatic seal water

injection flow will have been initiated in advance of this signal by the phase
A signal.
Single Failure Analysis
A single failure analysis is presented in Table 6.5-2. The analysis shows that
the failure of any single active component will not prevent fulfilling the
design function of the system.
Reliance on Interconnnected Systems
The Isolation Valve Seal Water System can operate and meet its design function
without reliance on any other system. Electric power is not required for system
operation, although instrument power is required to provide indication in the
control room of seal water tank pressure and level.
Shared Function Evaluation
Table 6.5-3 is an evaluation of the main components discussed previously and
a brief description of how each component functions during normal operation
and during an accident.
6.5.4

MINDIMUM OPERATING CONDITIONS

The Technical Specifications, Section 15, establish limiting conditions regarding
the operability of the system when the reactor is critical.
6.5.5

INSPECTIONS AND TESTS

Inspections

The system components are all located outside the containment and can be

visually inspected at any time.

6.5-8
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Component Testing

Each automatic isolation valve can be tested for operability at times
when the penetrating line is not required for normal service.

Lines

supplying automatic seal water injection can be similarly tested.

System Testing

Containment isolation valves and the Isolation Valve Seal Water System
can be tested periodically to verify capability for reliable operation.
The seal water tank pressure and water level can be observed locally,
and these parameters are also displayed continuously in the control room.

The system will not be in service during the containment leakage rate
tests.

Operational Sequence Testing

The capacity of the system to deliver water in accordance with the design
will be verified initially during the pre-operational test period of plant
construction and startup.

Prior to plant operation, a containment isolation

test signal will be used to ensure proper sequence of isolation valve
closure a d seal water addition.

Supplement 13
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TABLE 6.5-1

ISOLATION VALVE SEAL WATER TANK

Number

1

3
Total Volume, ft

23.6

Minimum Volume, gal.

144

Material

ASTM A-240

Design Pressure, psig

150

Design temperature, OF

200

Operating pressure, psig

50-100

Operating temperature, OF

Ambient

Code

ASME UPV (Sect. VIII)

0

power operation.

The low setting, which provides protection during startup,

can be manually bypassed when two ouf of the four power range channels read
above approximately 10% power (P-10).

Three out of the four channels

below 10% automatically reinstates the trip protection. The high setting is
always active.

High Nuclear Flux (Intermediate Range) Trip

This circuit trips the reactor when one out of the two intermediate range
channels reads above the trip set-point.

This trip, which provides protection

during reactor startup, can be manually bypassed if two out of four power
range channels are above approximately 10% (P-10).

Three out of four

channels below this value automatically reinstates the trip protection.

The

intermediate channels (including detectors) are separate from the power range
channels.

High Nuclear Flux (Source Range) Trip

This circuit trips the reactor when one of the two source range channel
count levels (neutraflux) reads above the level trip set-point.

The trip,

which provides protection during reactor startup, can be manually bypassed
when one of two intermediate range channels reads above the P-6 set-point
value and is atuomatically reinstated when both intermediate range channels
decrease below this value (P-6). This trip is also bypassed by two out
of four high power range signals (P-10).

It can also be reinstated below

P-10 by an administrative action requiring coincident manual actuation.

The trip point is set between the source range cutoff power level and the
maximum source range power level.

Overtemperature AT Trip

The purpose of this trip is to protect the core against DNB.

This circuit

trips the reactor on coincidence of two out of the four signals, with two
channels (two sets of temperature measurements) per loop. The set point

7.2-23

for this reactor trip is continuously calculated for each channel by
solving equations of this form:

AT set point

K 1 - K2 Tavg

+

f

K3P

(q )

Where:
T

=

average coolant temperature (two measurements in each

avg
loop),

(°F)

P

=

pressurizer pressure, four independent measurements (psia)

K1

-

set point bias (°F)

K 2,K

=

constants based on the effect of temperature and pressure
on the DNB limits

f(q)

=

a function of flux difference between upper and lower long
ion chamber sections.

Overpower AT Trip

The purpose of this

trip is to protect against excessive power (fuel rod

rating protection). This circuit trips the reactor on coincidence of two
out of the four signals, with two channels (two sets of temperature
measurements) per loop.

The set point for this reactor trip is continuously calculated for each
channel by solving equations of the form:
dT
AT
set point

= K4
K -K5

dt
avg

f (q)

Where:

is a function of flux difference between upper and lower

f (q)

long ion chamber sections
K4

=

a preset manually adjustable bias

K

=

a constant
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7.3

7.3.1

REGULATING SYSTEMS

DESIGN BASIS

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.

Overall reactivity control is achieved by the combination of chemical shim
and 53 control rod clusters of which 37 are in control group and.16 are in
shutdown group.

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 accomplished
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
pressure; and plant turbine load.

The Chemical and Volume Control System

(Section 9) serves as a secondary reactor control system by the addition
and removal of varying amounts of boric acid solution.

There is no provision for a direct continuous visual display of primary
coolant boron concentration.

When the reactor is critical, the best indi

cation 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 control
rod position and power and it is this relationship which 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 bank approaches or reaches its lower limit.

7.3-1

Any unexpected change in the position of the control group when under
automatic control or a change in coolant temperature when under manual
control provides a direct and immediate indication of a change in the reactivity
In addition, periodic samples of coolant boron

status of the reactor.
concentration are taken.

The variation in concentration during core life

provides a further check on the reactivity status of the reactor including
core depletion.

The Reactor Control System is designed to enable the reactor to follow
load changes automatically when the plant output is above 15% of nominal
power.

Control rod positioning may be performed automatically when plant

output is above this value, and manually at any time.

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 15%
to 100% without reactor trip subject to possible xenon limitations.

Similar

step and ramp load reductions are possible within the range of 100% to
15% of nominal power.

The operator is able to select any single bank of rods (shutdown or control)*
for manual operation.

Using a single switch, he may not select more than

one bank from these two groups.

He may also select automatic 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 psitionand the
next bank begins to withdraw.

Interlocks, designed to meet the single

failure criterion, are provided to preclude simultaneous withdrawal of
more than one bank of control and shutdown rods except in overlap regions.

The control system is capable of restoring coolant average temperature
to within the programmed temperature deadband, following a scheduled or
transient change in load.

7.3-2

and bonf ire tests.

A report summarizing the testing was prepared by

Consolidated Edison Company.

These flame. tests were used as one of the

means of qualifying cables and the specifications were written on the
basis of results from the tests.
The following tests were made to determine the flame resistant qualities
of the covering and insulations of various types of cables for Indian
Point #12.

1)

Standard Vertical Flame Test
470-59T.

made in accordance with ASTM-D

-

"Tests For Rubber and Thermalplastic Insulated Wire and

Cable".

2)

Five-Minute Vertical Flame Test

-

made with cable held in vertical

position and 1750*F flame applied for 5 minutes.

3)

Bon-Fire Test

-consisting

of exposing, for 5 minutes, bundles

of three or six cables to flame produced by igniting transformer
oil in 12 inch pail. The cable was Supported horizontally over
the center of the pair the lowest cable 3 inches above the top of
the pail. The time to ignite the cable and the time the cable
continued to flame after the fire was extinguished were noted.
On the basis of these tests, the cables were selected for the reactor
containment vessel penetration.

8.2-9

To prevent the propagation of flame, firestops have been provided where
cable trays or openings for cables' pass through walls and floors, and
13

enter switchgear and other equipment,.

The firestops consist of transite

sheet barriers or packed fiberglass barriers coated on either side with
Flame Mastic 71A.

Smoke detectors of the ionization type are provided in the cable tunnel
and other unattended areas where large concentrations of cables are installed,
for fire detection and alarm.

In areas where missile protection could not be provided (such as near
the reactor coolant system) redundant instrument impulse lines and cables
were run by separate routes.

These lines were kept as far apart as physically

possible, or were protected by heavy (1/4") metal plates interposed where
inherent missile protection could not be provided by spacing.

8.2.3

EMERGENCY POWER

Sources Description0

The three sources of off-site emergency power are 1) the 138

-6.9

Station Auxiliary Transformer, 2) 113 kv tie, and 3) gas turbine.

kv
If

these sources should fail, the on-site sources of emergency power are
three emergency diesel-generator sets.

The emergency power facilities

consist of three diesel engine-generator sets, each consisting of an Alco
model 16-251-E engine coupled to a Westinghouse 2188 kva, 0.8 power factor,
900 RPM, 3 phase, 60 cycle 480 volt generator.

The units have a capability

of 2000 kw for 2000 hours and 1750 kw continuous.
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The loads on the three diesel generators will be sequenced as
follows:

Bus 5A

Bus 2A-3A

Bus 6A

a.

Auxiliary Component Cooling Pumps

1

b.

Safety Injection Pumps

1

c.

Residual Heat Removal Pumps

d.

Spray Pumps (if start signal present)

1

e.

Nuclear Service Water Pumps

1

1

1

f.

Containment Air Re-circulation
Cooling Fans

2

2

1

1

1

g.

Auxiliary Feedwater Pumps

h.

Spray Pumps (action taken in case
high-high containment pressure did
not exist at step (d).)

1
1

1

1

1
1

1

The recirculation phase is manually initiated by control switches on
the supervisory panel in the main control room.

As the sequence switches are

operated the bus loads are modified to give those shown in Table 8.2-1.
The loads are given for a post-blowdown containment pressure transient.

To verify that the emergency power system will respond within the
required time limit and when required, the following tests shall be
performed periodically.

8.2-15
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0
a.

Manually initiated demonstration of the ability of the diesel
generators to start, and deliver power up to name plate rating,
when operating in parallel with other power sources.
plant operation will not be affected.

Normal

The duration of the test

shall be at least 2 hours.

b.

Demonstration of the readiness of the system and the control
systems of vital equipment to automatically start or restore to
operation particular vital equipment by simulating a loss of all
normal AC station service power supplies.

This test can be con

ducted during each refueling interval.

The starting of the diesel-generator sets can be tested from the Diesel
Building.

The ability of the units to start within the prescribed time

and to carry intended loads are checked periodically.

Batteries and Battery Chargers

Each of the two 60 cell, lead acid station batteries has been sized to.
carry its expected shutdown loads following a plant trip and a loss of
all AC power for a period of 2 hours without battery terminal voltage falling
below 105 volts.

Major loads with their approximate operating times on

each battery are listed in Table 8.2-2.

Each of the two battery chargers has been sized to re-charge either of
the above partially discharged batteries within 10 hours while carrying
its normal load.

Reliability Assurance

The electrical system equipment is arranged so that no single contingency
can inactivate enough safeguards equipment to jeopardize the plant safety.
,.The 480-volt equipment is arranged on 4 buses.
is supplied from 6 buses.

8.2-16

The 6900-volt equipment

holdup tanks in order to permit the maximum decay time before releasing
gas to the environment.

However, the header arrangement at the tank inlet

gives the operator freedom to fill, reuse or discharge gas to the environment
simultaneously without restriction by operation of the other tanks.

Six addi tional small gas decay tanks are supplied for use during degassing
of the reactor coolant prior to a cold shutdown.

The reactor coolant fission

gas activity inventory is distributed equally among the six tanks through
a common inlet header.

With this arrangement assuming 1% defective fuel

rods the activity inventory in any one tank will be less than 2.0 x 10 4
curies of equivalent Xe-133 with this arrangement.

A radiation monitor in the sample line to the gas analyzer checks the gas
decay tank activity inventory each time a sample is taken for hydrogen
oxygen analysis.

An alarm warns the operator when the inventory limit is

approached so that he may place another tank in service.

Before a tank can be emptied to the environment, its contents must be sampled
and analyzed to verify sufficient decay and to provide a record of the activity
to be released, and only then discharged to the plant vent at a controlled
rate through a radiation monitor in the vent.

Samples are taken manually

by opening the isolation valve to the gas analyzer sample line and permitting
gas to flow to the gas analyzer where it can be collected in one of the
Sampling System gas sample vessels.
is closed.

After sampling, the isolation valve

During release 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 large gas decay
tank being filled at the time,
hydrogen and oxygen content.

and automatically analyzed to determine their
The hydrogen analysis is for surveillance

since the concentration range will vary considerably from tank to tank.
There should be no significant oxygen content in any of the tanks, and an
alarm will warn the operator if any sample shows 2% by volume of oxygen.
This allows him time to isolate the tank before the combustible
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limit is reached.

Another tank is placed in service while the operator

locates and eliminates the source of oxygen.

Discharged gases are released

from the plant vent and diluted in the atmosphere due to the turbulence
in the wake of the containment building in addition to the effects of normal
dispersion.

Using the model developed in Section 14 and evaluating the

yearly meteorological data from Section 2, a worst sector average dispersion
factor of 1.2 x 10boundary.

sec/in3 has been calculated at any point on the site

Using the MPG values of 10CFR20 the corresponding allowable yearly

release is:

Xe-133 and Kr-85

789,000 curies

1-131

263

Based on 1% fuel defects, the maximum expected annual release is 5310 curies
It is expected that the release of iodine in the
Kr-85, 4520 curies Xe-133.
waste gas will be negligible.

Solids Processing

The Waste Disposal System is designed to package all solid wastes in standard
55 gallon drums for removal to burial facilities.

Concentrates from the

waste evaporator will be pumped into a battery of 6 drums previously filled
with a mixture of vermiculite and cement. This type of operation is similar
to that successfully used over the past few years at Brookhaven National
Laboratories.

After filling, the drums are moved to a shielded storage

area by a bridge and trolley crane. until a sufficient number have accumulated
for shipment.

The same crane is then used to place the drums on the carrier

for removal to a burial site.
1 R/hr at one meter.

Maximum dose rate for unshielded drums is

Lead shielding is provided for each drum to reduce

the dose rate in work areas to lmR/hr at a one meter range.

Spent resins will be packaged in a similar manner.

Normally resin will

be stored in the spent resin storage tank for a period of 1 to 6 months
for decay. Resin is removed from in the storage tanks first by bubbling
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19.

Radiation Monitoring System

20.

Nuclear Instrumentation System

21.

Radioactive Waste Disposal System

22.

Sampling System

23.

Instrumentation Calibration

24.

Hot Functional Test
Reactor Coolant System
Chemical & Volume Control System
Sampling System
Safety Injection System
Waste Disposal System

25.

Primary and Secondary Systems Safety Valves Tests

26.

Turbine Steam Seal & Blowdown Systems

27.

Emergency Diesel-Electric System

13.1-3

TABLE 13.1-1

OBJECTIVES OF TESTS PRIOR TO REACTOR FUELING

SYSTEM OR TEST

1.

TEST OBJECTIVE

Switchgear System

To ensure continuity, circuit integrity,

(Electrical Tests)

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, D-C System,
annunciator system, lighting distribution
switchboard, communication system and
miscellaneous equipment.

Special attention

will be directed to the following tests:

2.

a.

480 v. switchgear breaker interlock test.

b.

Station loss of voltage auto-transfer test.

c.

Critical power transfer test.

d.

Tests of protective devices.

e.

Equipment automatic start tests.

f.

Check exciter for proper voltage build up.

Voice Communication

To verify proper communication between all

Systems

intra plant stations, for interconnection
to commercial phone service and to balance
and adjust amplifiers and speakers.

3.

Service Water System

To verify, prior to critical operations,
the design head-capacity characteristics of
the service water pumps, that the system
will supply design flow rate through all
heat exchangers, and will meet the specified
requirements when operated in the safeguards
mode.

1 3.1-4

TABLE 13.1-1 (Continued)

SYSTEM OR TEST

TEST OBJECTIVE

The Auxiliary Coolant System will be tested to
evaluate its ability to remove heat from reactor
coolant;

to verify component cooling flow

to all components;

and to 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;
to check that pumps and motor operated valves
are properly sequenced;

and to verify proper

operation of instrumentation, controllers and
alarms.

The Radioactive Waste Disposal System will
be tested to verify satisfactory flow
characteristics through the equipment;

to

demonstrate satisfactory performance of
pumps and instruments; to check for leak
tightness of piping and equipment;

and to

verify proper operation of alarms.

The Ventilation System will be tested to
adjust proper flow characteristics of ducts
and equipment;

to demonstrate satisifactory

performance of fans, filters, and coolers;
and to verify proper operation of instruments
and alarms.
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TABLE 13.1-1 (Continued)

SYSTEM OR TEST

25.

TEST OBJECTIVE

Primary and Secondary

To test and set pressurizer and boiler

Systems Safety Valves

safety and relief valves to ensure each valve

Tests

lifts as specified, relieves excess pressure
down to the blowdown set point and reseats
clean and tight.

26.

Turbine Steam Seal and

To verify valve and control operability and

Blowdown Systems

setpoints, flushing and hydro as applicable,
inspection for completeness and integrity.
Functional testing will be performed when a
steam supply is available.

27.

Emergency Diesel

To demonstrate that the system is capable of

Electric System

providing power for operation of vital
equipment under power failure conditions.
In particular the tests will be designed
to verify that:

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

1,3.1-18

0

reduced power operation.

The detection and logic sections of the

system will be provided with test switches and indicating lights to
permit testing of a single channel and a 2/3 matrix at power.

The

method of testing will be to switch to a fixed test set point on the
speed channel and observe the channel response to the simulated overspeed.
Similarly a test swtich will be used to interrupt the F/A output signal
and observe the failure channel response to simulated input failure.
Indicating lights and test switches will be mounted in the same cabinets
with the analog and logic equipment.

2.4

Reliability Analysis

The additional overspeed protection system is designed to meet nuclear
protection system criteria of redundancy, separation, and reliability.
Any single active component failure cannot cause failure to trip the
unit on overspeed.

Loss of power will also trip the unit.

Fault

trees are presented (Fig. 2.7 thru 2.10) to show the possible combinations
of component failures which can lead to loss of function.

The overall

probability of failure to shut off steam to the turbine considering
only the additional overspeed detection and tripping system is computed
to be 4.8 x 108 /demand.

This is based on a figure of 7.5 x 10- 7/demand

for the probability of failure to dump oil from a single steam valve
actuator based on monthly test intervals and generic failure rates
for components extracted from various government and industry sources.

14A-5
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FIGURE 2-1

Valve Actuator Dump
(Typical for each turbine stop and control valve.)

DUMP DRAIN
TO DISPLACED
VOLUME ABOVE
PISTON

ISOLATION
VALVE
HP FLUID

SUPPLY
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QUESTION 6.11
Since controlled containment purging could provide a backup to the flame
recombiner system, please provide an evaluation of controlled purging
for the Indian Point II plant.

ANSWER

A flame recombiner system has been provided to control the post accident
hydrogen concentration in the Indian Point Unit 2 containment.

Design

and operating criteria have been defined for that system, and the capability
of that system has been demonstrated by full scale proof tests.

In March,

1969, a comprehensive report on this work was submitted to USAEC (see
WCAP-7301-L, Report of Test Results on Hydrogen Flame Recombiner, Westinghouse
Proprietary Class II).

Adequate backup for the flame recombiner system

has already been provided in the form of a second, completely independent
flame recombiner system.

Consequently, controlled containment purging

is not considered necessary for the Indian Point Unit 2 plant, and no
equipment has been provided to permit such operations to be performed.

Q 6.11-1
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Question 11.1
Provide a complete description and analyses where required to show how the
provisions of 10 CFR 20 will be met for the Indian Point site, taking into
account the combined releases from all three of the facilities at this
site for both liquid and gaseous effluents on an isotopic basis. Based
on the above, provide the exposure dose from effluent releases versus
number of people of the exposed population in the vicinity of the site
assuming release at expected levels from the three plants and also at
the 10 CFR 20 limits. Relate releases at these levels to the amount of
failed fuel in the core.

Answer

Indian Point Units Nos. 1, 2 and 3 will be treated as a single facility
as far as the release of liquid and gaseous effluents is concerned.

The

Indian Point site will release liquid and gaseous effluents in a manner
to insure compliance with the requirements of 1OCFR2O.

Compliance to 10CFR20 regulations will be accomplished by administrative
procedures that will control the manner in which gaseous and liquid
effluents are released.

The release rate will be set based on a knowledge

of the isotop ic content of the effluents.

The primary control, to insure that the requirements of 10CFR20 are satisfied,
is at the source of the effluent, i.e., the point of release.

Experience

to date with operation of Indian Point Unit No. 1 indicates that this is
the most efficient and most reliable way of insuring compliance with 10CFR20
regulations.

Compliance to the commitment to operate the site within the guidelines of
IOCFR20 is and will be evaluated in three additional ways, two of which
are independent of Con Edison, viz:

1.

The Consolidated Edison Company's Environmental Monitoring
Program.

2.

The New York State Radiological Survey Program.

Q 11.1-1
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3.

The New York University Medical Center Research Program on
Hudson River ecology.

These programs which are discussed briefly below provide the secondary
control'over the release of gaseous and liquid effluents.

A survey to determine the radioactivity in the environment in the vicinity
of the Indian Point Station was instituted in 1958, four years prior to the
initial operation of Indian Point Unit No. 1.

The purpose of this survey

was to determine the natural background radioactivity and to show the
variations in the activities that may be expected from natural sources,
fallout from bomb tests, and other sources in the vicinity.

This program

has been continued to the present so that changes in the environment
resulting from operation of the Station could be accounted for.

The results

of these surveys are reported semi-annually to the AEC under Docket No. 50-3.

In addition, the New York State Department of Health has conducted surveys
throughout the State of New York since 1955, including extensive surveys
in the vicinity of Indian Point since 1958.

In 1965 and 1966, they

reported the findings in the vicinity of the Indian Point Station in two
special reports.

Since that time, their reporting has been on a statewide

basis in quarterly bulletins and in annual reports.

In 1965, the New York University Medical Center began a research program
on the ecology of the Hudson River.

The New York University studies

include the biology of the Hudson River, the distribution and abundance of
fish in the river, pesticides and radioecoloqical studies.

This program

has been supported by the United States Public Health Service, the New
York State Department of Health, and the Consolidated Edison Company, and
progress is reported in periodic progress reports.

The various studies mentioned above include measurements of radioactivity
in fresh water, river water, river sediments, fish, aquatic vegetation,
vegetation, soil, and air in the vicinity of the Indian Point Station.
results of these monitoring programs have shown that the Indian Point
Station has had no deleterious effect on the environment.
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The

The environmental monitoring program will continue throughout operation
of the plant as Indian Point Units Nos. 2 and 3 become -operational. New
York University, in part supported by Con Edison, will continue their
research program to supplement the Company's own environmental program.
These data will be made available at regular intervals to the scientific
literature and to the regulatory bodies having jurisdiction over these
matters.
The New York State Department of Health is expected to also
continue their statewide monitoring program.
The environmental monitoring program conducted by Consolidated Edison
presently supplies and will continue to sup ply data as a supplement to the
primary control at the source of the effluents to insure compliance of
Indian Point Units Nos. 1, 2, and 3 with the requirements of lOCFR2O.
The results of the environmental program are and will continue to be
reported to the AEC and New York State, as summarized below.
Results of the environmental monitoring program are presently and will
continue to be reported on a semi-annual basis to the Atomic Energy.
Commission who are thereby advised of the short and long-term trends in
the environment. In addition, discharges of radioactive liquids and gases
are presently and will continue to be reported semi-annually to the AEC
and the New York State Department of Health. In addition, it should be
noted that 10CFR20 makes provision for rapid reporting of any unusually
high releases.
In the present Unit No.

1 program, if the monthly release in liquid
discharges, exclusive of tritium, were greater than five curies, it has
been agreed that a report shall be sent to the New York State Departmen t
of Health, Bureau of Radiological Health.

Accordingly, the New York

State Department of Health is made aware of any significant increase in
liquid discharges and their monitoring programs can be accordingly adjusted
as required to provide greater intensity of monitoring.

This procedure will

be incorporated in the program for Units 1, 2 and 3.
Supplement 5
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In the event that Con Edison detects any Iodine 131 in the air, vegetation,
or soil on the plant site, the Company, by agreement, would notify the
New York State Department of Health, Bureau of Radlological Health.

The

Department of Health plans call for an increase in its surveillance program
in the vicinity of the Indian Point Station as the need requires, and Con
Edison would increase the frequency of collections at .the existing sample
locations.

This procedure will be incorporated in the program for Units 1,

2 and 3.

It should also be noted that the results of the research program on the
Hudson River of the Institute of Environmental Medicine of New York
University's Medical Center which is concerned both with evaluation of
the total ecology and of radionuclides relating to ecology are presently
and will continue to be reported on an annual basis to the New York State
Department of Health, the Department of the Interior, the U.S. Public
Health Service, the Consolidated Edison Company, the Hudson River Valley
Commission, the New York State Conservation aepartment, the New York City
Environmental Protection Agency and the New York State Power Development
Association, and other interested organizations.

Although this is not a

monitoring program, the results of this research are germane as they bear
upon the manner in which radionuclides behave in the river ecosystem.

To summarize the above, although the design of the Indian Point Units and
administrative controls will be such that gaseous and liquid effluents
will be released in accordance with the requirements of lOCFR20, the
environmental monitoring program of the Consolidated Edison Company
provides a redundant means of evaluating that the operation of the Units
will not pose any undue risk to the health and safety of the public.

The

New York State and New York University programs provide an independent means
of verifying the proposed facilities compliance with 1OCFR20.

The paragraphs that follow discuss in detail the releases of gaseous and
liquid effluents to the environment.
to 10CFR20 are stated.

The criteria required for compliance

Analyses are presented to show that these criteria

are valid, practical and easily implemented by administrative procedures.

Q 11.1-4

Supplement 5

1/70

Gaseous Releases

Releases of gaseous activity from the Indian Point site will be in accordance
with the requirements of lOCFR20.

The release of gaseous effluents from all

three units or any combination thereof will be such that the requirements of
10CFR20 are satisfied.

These requirements are satisfied if the following

criteria are met:

Criterion 1

An individual standing at any point on the site boundary
will not receive an annual whole body dose greater than
0.5 rem.

Criterion 2

The concentrations of the released isotopes will not
exceed the restrictions of 10CFR20 at ground level at
any point on or beyond the site boundary.

The analyses discussed in the paragraphs that follow describe in detail
how these criteria can be satisfied.

The analytical approach was as follows:

1.

The meteorology was studied in detail in order to determine
the site?'s meteorological dilution factors for multi-unit
operation.

2.

The site's geometrical and meteorological properties were
studied to determine the controlling, with regard to gaseous
effluents, sector.

3.

The results of steps 1 and 2 were used to determine the releases
from each unit that would satisfy Criterion 2.

4.

Downwind cloud concentrations from step 3 were used to calculate
the whole body immersion dose to insure that Criterion 1 was
satisfied.
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The analytical studies indicate that for Unit 1 operation only Criterion
1 governs and for multi-unit operation, depending on the fraction of
the release from Unit 1, Criterion 1 or 2 may govern.

Figure 1 shows the arrangement of the three units on the site, viz.,
Indian Point Unit 1 (operating), Indian Point Unit 2 (operation in 1970)
and Indian Point Unit 3 (under construction).

Indian Point Unit 1 gaseous

effluents are to be released from the superheater building stack and
Units 2 and 3 will each release from a vent located on top of their respective
containment buildings.

Hence, from an analytical point of view, Unit

1 releases are represented by a point elevated source, and Units 2 and
3 are each represented by a ground source with wake dilution, i.e., by
a virtual point source.

Mathematically for average meteorological conditions, the elevated point
source was represented by
Fiexp (h2/C
2 2 zi x 2-n i)

x/Q = 2f
i

C
1

where

0

(2-ni/2)

Zi

x.= downwind groundlevel concentration at x meters from the stack

3
in C/m

Q = continuous release rate in C/sec.
f = frequency wind blows in a fixed meteorological sector
B = tan 0/2
6 = meteorological sector
F. = fraction of time the i
1

meteorological category exists

h = effective height of stack in meters
x = distance downwind of stack in meters
th

n

= dimensionless meteorological stability parameter for i
weather category
(meters)n/2
in
category
weather
i
th
for
parameter
diffusion
=
Czi
u.
=.average wind velocity in meters/sec.
1
The virtual point source equation for average meteorology is obtained
directly from the elevated point source equation by setting h = o and x = x.
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The virtual source distance (x.i)
A

where:

x.

is given by
(1-2/n.i)

virtual source distance in meters

=

2
A= cross sectional area of containment building in (meters)

C.y

=

diffusion parameter for i hweather category in (meters) i /

The meteorological parameters describing the climatology of the Indian Point
Site were obtained from a meteorological program conducted by the Research
Division of New York University during 1955-1957.

The parameters for the

worst meteorological sector extracted from this study and other pertinent
data follow:

Weather Category
Lapse

-

L10.6

Lapse

-

L2

Neutral

-

Inversion

N
-

1

Cyn

u

F.

0.2

1.739

0.137

0.53

0.3

5.236

0.061

0.47

0.4

2.793

0.378

0.40

0.5

2.028

0.424

Constants
=2

tan 10

0
=0.353

f

=

0.146

A

=

2000 square meters

h

=

113 meters
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The models and data presented above were used to determine the X/Q ratio
as a function of downwind distance for each unit and for each meteorological
sector.

The individual unit x/Q lines were summed at fixed points and a

plot of constant X/Q lines was developed for the Indian Point Site with
three units in operation.

The three unit x/Q plot is shown in Figure 4.

The shape of x/Q lines in Figure 4 is governed by the climatology of the
site.

For multi-unit operation the density gradient is governed by units 2

and 3, i.e., the ground releases.

When Unit 1 is the only operating unit,

the X/Q plot has the same shape but the values of X/Q are much lower in
the vicinity of the site because the plume centerline has not yet reached
the ground.

The sector with the minimum meteorological dilution is seen from Figure 4
to lie in a south wes terly direction, which is the 005-020 sector in the
meteorological literature pertaining to the site.

Examination of Figures 1,

2 and 3 shows that the sector containing the shortest site boundary for
each unit and the sector with minimum meteorological dilution are almost
coincident.

Hence, in the analyses that follows, it was assumed that

these sectors were coinci dent.

This assumption leads to slightly higher

calculated concentrations and doses than expected.
The values of ground level x/Q as a function of downwind distance in the
assumed sector with average 005-020 meteorology for Unit 1, Units 2 and 3,
and Units 1, 2 and 3 are shown in Figure 7. It should be noted that due to
the fact that the downwind peak from the Unit 1 release is different for
each weather category a series of decreasing peaks occurs for the averaged
case at distances beyond 10 4meters.

The highest peak is the first peak

which occurs at 900 meters.
Figure 7 illustrates the fact that the peak value of X/Q occurs at the site
boundary and is governed by the Unit 2 and 3 releases.

At the site

boundary the values of xIQ are:
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x/Q
-7

3

Unit 1 (site boundary @ 460 meters)

1.7 x 10

Unit 2 (site boundary @ 520 meters)

1.2 x 10 -5sec/rn3

Unit 3 (site boundary @ 350 meters)

3
1.6 x 10- 5 sec/m

sec/m

The data shown in Figure 7 in conjunction with Table II of Appendix B to
IOCFR20 is all that is required to show how Criterion 2 can be satisfied on
an isotopic basis.

Since all isotopes can be related to each other through

the ratio of their MPC values specified in 1OCFR20, it is sufficient to
demonstrate compliance for one isotope and show how compliance for all
isotopes is achieved.
effluents,

The isotope Xe-133 is representative of gaseous

hence, it will be used in the following discussions.

The MPC value for Xe-133 is 3x10 - 7 C/m 3 .

Based on this and the

)/Q values

at the site boundary, the maximum permissible release rates of Xe-133 based
on Criterion 2 for Units 2 and 3 assuming that each is the only unit operating
are
Unit 2 maximum permissible release rate = 2.5 x 10-- 22 C(Xe-133)'/sec
Unit 3 maximum permissible release rate = 1.9 x 10
C(Xe-133)/sec

If Unit 1 were operating alone the peak concentrations would occur 900
meters from the base of the IP

stack.

At this point the X/Q's are:

x/Q (900 meters from IPl stack)
Unit 1

- 7 sec/m 3
2.7 x 10-6

Unit 2

5.0 x 10

Unit 3

3
6.4 x 10- 6 sec/m

sec/m 3

Using the peak x/Q for Unit 1, the maximum permissible release rate of
Xe-133 based on Criterion 2 for Unit 1 operating alone is

Unit I maximum permissible release rate = 1.1 C(Xe-133)/sec
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To insure compliance with Criterion 1, the doses due to the Unit No. 1
release rate determined from Criterion 2 must be checked.

The ground-level

doses from an arbitrarily normalized annual Unit No. 1 release of 106
curies of Xe-133 are shown in Figure 6 (analytical model discussed later),
as a function of downwind distance.

Since

particles are short ranged,

the peak dose occurs at the point of maximum concentration.

On the other

hand, the point of peak y dose occurs upwind of the point of maximum
concentration due to a combination of several factors, viz, the long range
of the rays, the attenuation of the rays and the dispersion of the cloud.
Since the y dose predominates, the point of peak ground level dose is
shifted upwind to a point 750 meters from the stack.

Based on Criterion 1,

the maximum permissible release rate with Unit No. I operating alone is

Unit No. 1 maximum permissible release rate = 1.2 C (Xe-133)/sec

Hence, it can be concluded that with Unit No. 1 operating alone, Criteria 1
and 2 are approximately equally restricitive.

At any given time all three units, or two units may release a fraction of
these maximum rates or a single unit may release at its maximum rate
provided that the other units are not releasing.

There are many mixes of

release rates from the units that will satisfy Criteria 1 and 2.

It is

sufficient here to consider a typical mix and show how Criteria 1 and 2
are satisfied.

By an administrative procedure gaseous releases from the site may be
restricted to insure compliance to Criteria 1 and 2.

As an example, assume

that the following maximum gaseous release rate restrictions for each unit
are imposed.

Unit 1 - 0.17 C(Xe-133)/sec
-2
Unit 2

=

1.13 x 10

C(Xe-133)/Sec

Unit 3 = 0.84 X 10 -2 C(Xe-133)/Sec
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TIhese release rates are readily determined by setting the following arbitrary
operating limitations:

a)

Unit No. 1 contributes no more than 10% to the MPG of Xe-133 on
the. ground at the site boundary.

b)

Unit No. 2 plus Unit No. 3 are responsible for the remaining
90% of MPG..

A check shows that at these release fractions the concentration at the
site boundary is limiting rather than the concentration downwind from
the site boundary in the case for Unit No. 1 above.

Thus the allowable Xe-133 concentrations for each unit's effluents are:

0.3 x 10-

C/in3

Unit 1:

0.1 MPG

Unit 2:

0.45 IMPG

1.35 x 10-

C/in3

Unit 3: 10.45 MPG

1.35 x 10-

G/m3

The ratio of the units allowable concentration to the units
site boundary yields the allowable release rate.
compliance with Griterion 2.

x/Q at the

This procedure insures

Compliance to Criterion 1 is discussed in

detail in the discussion to follow.
is satisfied for this assumed mix.

It can be stated here that Criterion 1
The results of the whole body dose

analyses for this mix are shown in Figure 5.

From the above it

is seen that a maximum gaseous release rate for each

unit may be imposed by an administrative order and that it is a straight
forward matter to show compliance with Griteria 1 and 2.

A mix will be

set for operation of Units 1 and 2 and for Units 1, 2 and 3 when these
units become operable.

The miixes will satisfy Criteria I and 2.
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The cloud-dose calculations required to demonstrate compliance with
Criterion 1 consider the effects of both 1 and Y radiation.

Since the

effect of various isotopes with regard to doses are related through their
?4PC values, only one isotope, viz., Xe-133 was analyzed.

This isotope

emits a 0.35 MeV 0 and a 0.081 MeV Y.

Beta radiation has a limited range (1 to 10 meters in air), hence, a
finite cloud of 1 emitters with an extent greater than or equal to that of the
For

range of the B particles can be considered to be an infinite cloud.

a cloud of this type equilibrium condlitions can be assumed which yields
the following expression for the 1 dose (Cf. pp 328 ff, TID-24190)

D (x,y,z) = 0.457 E

(3)

IP(x,y,z)

where
D (x,y,z) = total direct 0 dose at point X, Y, Z, in the cloud in rads.
= average a energy per disintegration in MeV/dis.

E

3
(x,y,z) = concentration time integral at point X, Y, Z in curie-sec/m

Equation 3 describes the dose rate from an infinite cloud.

In the actual

case the dose rate will be about one half that calculated from the infinite
cloud (Cf. p 330, TID-24190) because of the receptor's perturbation to the
field.

An additional perturbation that reduces the dose rate by a factor

of about 0.75 is caused by the surface of the earth.

Accounting for these

and by expressing 1(x,y,z) in familiar terms, equation 3 becomes

(4)

D (x,y,z) = 0.17QtE 8
C/m3
where Q is redefined as
t = time of exposure to cloud in seconds
Equation 4 was used to calculate the cloud beta dose.

The cloud gamma dose was obtained from a complex numerical integration
technique.
1.

Basically the procedure was as follows:
The concentration at any point in space, i.e., x(x', y',
represented by Sutton's well known point source equation.
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z') was

2.

The integral equation representing the dose at any point in
space x,
z'

3.

y, z due to an infinitesimal volume source at x', y'

was determined.

Integration in the y and z plane was performed using an Hermite
approximation, and in the x direction by a Gaussian
approximation.

A 20th degree polynomial was used initially for the numerical fits.

For

distances greater than 104 meters this technique produced doses that fell
off too rapidly with distance.
polynomial has been employed.

To correct this situation a 32nd degree
Results for distances greater than 104 meters

were not required for this analysis.

Using the above technique the dose at a point x, y, z in space is represented
analytically by

D

(x,y,z)=

o
where

D

FrG(r-r')

f
-00

p(x',

y', z

dx',)dy' dz'

(5)

-O

(x,y,z) = total y dose at point x, y, z for a single isotope

Y

(x', y',

z')

=

gamma source strength at point x',

y',

z'

G (r-r') = y dose-at r due to a unit source at r'

The numerical representationis as follows:
00k
D (x, y,
y
where

z)=

.=l

1
L

/
H
nn n=l n

H
G
m me Grl

(6)

= constant

Lnn
Hn , H

=
=

Legendre weighting factor
Hermite weighting factors

Equation 6 was used to calculate cloud gamma doses.

Figure 5 illustrates

the results of the cloud dose calculations for the assumed release mix
cited in the example discussed earlier.
Xe-133 releases considered the

The figure shows that for the

dose is predominant close to the site,

i.e., within approximately 1500 meters from the site boundary and beyond
that the y dose predominates.

The total dose for the example at the site
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boundary is less than 0.3 rem, hence, Criterion 1 is satisfied.

It can

be concluded that during multi-unit operation Criterion 2 will normally
predominate.

The ground level Ydoses from Unit 1 and Unit 2 with each unit releasing
at a normalized annual value of 106 curies of Xe-133 are shown in Figure
8.

The dose from Unit 1 is about an order of magnitude less than the

dose from Unit 2, and is essentially constant for about the first 500
meters downwind of the point of release.

The preceeding referred to Xe-133 releases only.
be related to Xe-133 through their MPC values.

-7

Kr-85m whose MPC value is 1 x 10

MPC (Xe-133)
MPC (Kr-85m)

The other isotopes can
For example, consider

Pc/ml

3 x 10- 7
1 x 10- 7

=

Assuming Unit 1 is restricted to release 1 curie/sec of Xe-133 by
administrative order and that Xe-133 and Kr-85M are the only isotopes
being released, then Unit 1 may release, either 1 curie/sec of Xe-133
or 0.33 C/sec of Kr-85m or some combination thereof.

Given the isotopic

content of the effluent, the permissible release for each isotope or
some combination thereof can be determined.

Administrative control will

ensure that permissible release rates are not exceeded.

To summarize the preceeding has shown that release rates for gaseous wastes
can be set in compliance with Criteria 1 and 2, thereby insuring that the
site will be operated within 10CFR20 limits.

Supplement 5
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Since the site will be operated in a manner that satisfies Criteria 1
and 2, a person residing at any point immediately beyond the site boundary
is assured of receiving a dose less than 0.5 rem per year due to permissible
gaseous release rates.

However, the actual residential pattern (cf.

Figure 12) in the Indian Point vicinity is such that the nearest resident
would receive a dose significantly below 0.5 rem annually even if the plant
were discharging at Part 20 limits.

This dose reduction is due to the fact

that the nearest residents are approximately 700 meters east of the Unit No.
1 stack and well out of the most pessimistic meteorological sector (005-020).
Figure 12 shows the nearest private dwellings to be in the vicinity of
Broadway and Bleakley Avenues-and to be located at a point in a meteorological
sector where the yearly averate X/Q (Figure 4) indicates approximately five
times greater atmospheric dispersion than at the minimum site boundary in
the 005-020 sector.

The whole body doses are not directly proportional to X/Q.

The S-dose

fraction of the whole body dose is proportional to X/Q and represents
60% of the dose at 700 meters (cf, Figure 5).

A good estimate of the

dose incurred by the most proximate resident is 0.1 rem per year if the
plant were to discharge gaseous effluents continuously at Part 20 limits..

From Figure 12, it is also evident that no significant population density
exists within 1100 meters of the plants.

The initial high-density region

is east of the site, beyond 1100 meters, where X/Q values are more than
an order of magnitude below those in the 005-020 sector at the site boundary.
Therefore, if the facility is releasing at Part 20 limits, the initial high
population region will experience dose rates below 0.05 rem per year.

As the distance from the plant increases even further, dose rates rapidly
become insignificant.
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LIQUID RELEASES

Release of liquid activity from the Indian Point site will be in accordance
with the requirements of lOCFR2O, i.e., the release of liquid activity
from all three units will be such that the requirements of 10CFR20 are
satisfied.

This requirement is satisfied if the following criterion is

met:

Criterion 3
The concentration of released isotopes in the outfall of the plant prior
to entrance in the river will not exceed the limits set forth in 1OCFR2O.
Units 1, 2 and 3 will discharge liquid effluents to the river via a
common condenser circulating water discharge canal.

The circulating water

when discharged to the river will mix with the river, thereby diluting
the concentrations of contaminated effluent; hence, the concentrations
of liquid effluents in the river will never reach 10CFR20 limits.
Analytical models have been developed to study the transport of liquid
effluents in the river.

These models are discussed in detail in

Section 2.5 of the Indian Point No. 2 FSAR.
Considerable work has been completed on the dispersion of contaminants
in the river. Some of this work is discussed below in order to provide
a complete description of the behavior of liquid wastes in the river,
and to show that these effluents in no way adversely affect the existing
potential sources of drinking water at Chelsea and Castle Point Veterans
Hospital.

The former is located 22.0 miles upstream and the latter

20.5 miles upstream of the site.

Studies indicate that the concentrations

of effluents at Chelsea and Castle Point are essentially the same:

hence,

only one need be discussed here.
The river's salinity is a very significant parameter in the analyses
because it is an excellent indicator of the upstream movement of any
pollutant.

Salinity provides the following information on the upstream

transport of Indian Point effluents:
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1.

If salt is not present at Chelsea, then neither will any pollutant
-discharged

2.

from Indian Point Station.

When salt is present at Chelsea, the ratio between the salt concentra
tions at Indian Point and Chelsea is a measure of the "mechanical
dilution" i.e., dilution due to'the river's flow and dispersion
characteristics.

Since all isotopes decay and salt does not,

this dilution factor will yield the minimum reduction in isotope
concentrations which will occur between Indian Point and Chelsea.

The upstream movement of salt is the result of a rather delicate
balance which is struck between the salinity-induced density
currents, which tend to drive the salt itself up the estuary and
fresh water flow, which tends to hold back the salt movement.

The

river's dispersion characteristics are strongly influenced by this
phenomenon.

There are four factors governing the concentrations at Chelsea, via:

1)

The salinity at Chelsea.

2)

The half life of the isotope.

3)

The distance to Chelsea.

4)

The time for the isotope to reach equilibrium.

The effect of each of these factors is shown on Figures 9, 10 and
11, for a normalized release of 1 c/day for each isotope.

Equi

librium values are 80% of the value at time equals infinity.

Two values of salinity at Chelsea are considered in these figures.
The 2000 ppm value corresponds to a salinity level that would represent
a realistic upper level for New York City use.
operated at a salinity level above 1000 ppm.

Chelsea would not be
The 2000 ppm value at

Chelsea occurred during the 1964 drought and is the highest level
of salinity recorded at Chelsea.
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The figures show that:
1)

Isotopes with half lives less than 1 day will never reach any
significant level at Chelsea.

2)

Isotopes with half lives 1.0 day <tl/2 <10.0 days will reach
equilibrium in less than 33 days for the drought condition
and the equilibrium concentration is strongly dependent on
the half life.

3)

Isotopes with half lives greater than ten days have equilibrium
concentrations that are almost independent of the half life.

4)

The time to reach equilibrium for isotopes with half lives
greater than 100 days is strongly dependent on the salinity
at Chelsea.

The occurrence of 2000 ppm of salt at Chelsea has only been observed
once, the latter part of 1964 after six months of low flow.

Hence,

realistically, only isotopes with half lives 1 day <tl/ 2 :<ten days
will ever approach equilibrium concentrations, i.e., assuming that
the plant is continuously discharging these isotopes during the drought
period.

The normalized curves can be used to determine the concentration at
Chelsea for any isotope.

For example, assume that 1-131 (tl/2 = 8.05 d)

is the only isotope released, then 1,170 curies could be released during
a year (3.2 curies/day) with all three units operating.. This would
result in a concentration at Chelsea of 3 x 109 iic/ml, which is 1.0%
of MPG.

The preceding shows that if Criterion 3 is satisfied, the concentration
in the river will always be below MPC and at Chelsea the concentration
will not be significant.
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OPERATION WITH FAILED FUEL

It is theoretically possible, but practically not very feasible, to
achieve the high plant release rates associated with operation of the
site at 1OCFR20 levels.

Consider the previously assumed condition where

the Unit No. 1 fraction of MPC was 10% and Units Nos. 2 and 3 contributed
the remaining 90% (45% each).

In this case, Units Nos. 2 and 3 were

each releasing gas effluents at a rate of approximately 0.01 c/sec equi
valent Xe-133.

If the plant is operating with no primary to secondary leakage, a
30% clad defect level would be required to obtain gaseous release rates
of 0.01 c/sec of equivalent Xe-133.

Due to large hold-up times (45 days)

for noble gas activity almost all of the activity released under these
conditions would be Xe-133 and Kr-85.

With 30% defective fuel and no
-2

primary to secondary leakage 7.5 x 10
charged into the river annually.

curies of 1-131 would be dis

Based on a typical liquid release with

failed fuel approximately 380 curies could be discharged annually to
the river, therefore, it can be seen that in this mode of operation, noble
gas releases would be the limiting factor on plant operation.

When primary to secondary leakage is introduced into the analysis, many
combinations of leakage and percent defective fuel exist which would
result in the plant discharging at 10CFR20 limits.

For a 0.01 c/sec

release rate of equivalent Xe-133 a tabulation of typical combinations of
leak rate and failed fuel is possible:
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Allowed Defect Leak

Steam Generator Leak

%

GPM

0.052
0.061
0.080
0.32
2.8

60.0
30.0
15.0
1.5
0.15

A typical mixture of noble gases for a 15 gpm leak and 0.08% fuel defect
level is presented immediately below:

Relea3e Rate
Curies/sec

Isotope

5
0.95 x 10-

Kr-85
Kr-85m
Kr-87
Kr-88
Xe-133m
Xe-133
Xe-135m
Xe-135

1.2
6.0
1.9
9.2
5.4
8.8
5.5

x
x
x
x

105
10-4
10-5
10-3

x 10-6
x 106
x 10 -4

If the release rates for these eight isotopes are weighted by their MPC's
and added, the result will indicate that the plant is discharging approximately
0.01 c/sec equivalent Xe-133.

When steam generator leaks are included in an analysis such as this, liquid
releases via the blowdown system will be significantly more limiting than
the noble gas effluents just discussed.

A good "feel" for the situation

can be obtained by considering the 1-131 limit in the discharge canal
during operation with failed fuel and boiler leakage. When the condenser
flow rate is 840,000 gpm (Unit No. 2.alone) the facility can discharge
1.04 c/day of 1-131. This combination of flowrate, isotopes released,
and release rate (see response to Question 11.9) results in IMPC in the
condenser outfall which is the limit specified in Criterion 3.

Q 11.1-20
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A specific case can be used to illustrate the fact that liquid discharges
will be limiting insofar as releasing effluents to the environment with
failed fuel and steam generator leakage.

The postulated situation will

be the design failed fuel level where 1% of the fuel elements are defec
tive and the steam generator leakage is such that 1.04 c/day of 1-131 are
being released to the condenser outfall with a primary to secondary leak
rate of 0.11 gpm.

The tabulation which follows presents the annual

releases of the most significant isotopes under these operational
conditions:

"LIQUID DISCHARGES"
Isotope

Annual Release
Curies

1-131
1-132
1-133
1-134
1-135

3.8 x 102
1.9 x 101
3.4 x I02
5.0
1.1 x 102

"GASEOUS

DISCHARGES"

Isotope

Annual Release
Curies

Kr-85
Kr-85m
Kr-87
Kr-88
Xe-133
Xe-133m
Xe-135
Xe-135m
Xe-138

4.0
3.8
1.8
5.7
5.0
4.9
2.0
2.4
7.3

Q 11. 1-21
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It can immediately be discerned from these listings that the 1.04 c/day
1-131 equivalent limited is reached while the 0.01 c/sec equivalent Xe-133
limit has not been attained (the aboye listing of gas releases represents
a 0.003 c/sec equivalent Xe-133 release rate).

The following assumptions and parameters were used:

Reactor coolant volume

3216 MWt
3
12,600 ft

Purification flow rate

75 gpm

Core thermal power

Mixed bied demineralizer decontamination

factors:
a.

Noble gases

1.0

b.

Y-90, 91, Mo-99, Cs-134, 136, 137

1.0

c.

Other isotopes

10.0

Cation demineralizer
a.

Effective flow

7 gpm

b.

Y-90, 91, Mo-99, Cs-134, 136,137
decontamination factor

10

Waste disposal design
Decay time provided for normal
gas release

45 days

b.

Decay time for liquid process

500 minutes

c.

Waste evaporator decontamination
factor

106

a.

Dilution flow rate in discharge canal

840,000 gpm

Volumes reactor coolant wastes processed
per year

4

As discharges to the river approach the 1-131 limit of 380 Curies annually,
releases via the blowdown tank vent warrant consideration.

When liquid

enters the tanks and flashes, some fraction of the Iodine activity will
partition between the steam and water phases (the partition factor will
be 0.1 as defined in the response to 11.2).

The state of the blowdown

Q 11.1-22
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is such that approximately one-third of it will flash giving a steam to
water weight ratio of one-half.

Under these circumstances, and with the

blowdown rate being such that 380 c/year of 1-131 would be discharged to
the plant outfall if no partition occurred, than with partition no more
than 19 c/year of 1-131 would be vented directly to the atmosphere from
the blowdown tank.

The release of 19 Curies per year of 1-131 via the

blowdown tank vent released uniformly throughout the year will not exceed
Criteria 1 and 2.

Since higher partition factors are expected, less than

19 Curies per year of 1-131 will be released.

The release rate of 1-131

via the blowdown vent may be approximated by analytical techniques.

Q 11. 1-23
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5000

6000

QUESTION 11.10
Provide the_ nalysi5 used in obtaining the average annual dilution factor
of 1.2 x 10
sec/m stated as applicable for the setting of the routine
release limits.

ANSWER

The annual average dispersion factor of 1.2 x 10- 5 sec/m 3 has been cal
culated using the data presented in Section 2.0.

The appropriate mathe

matical model for this calculation is:

F.
x/Q

f

2f B

2 m./
u.iCi .iX2i/2

i

= Fraction of time wind is blowing in sector.
= 2 tangent 0/2

O

= Sector of interest

F1

=

u1

= Wind speed

C

=

Dispersion parameter

mi

=

Stability factor

X

=

X+Xoi = Downwind distance including wake effect for
the various wind categories

X .

Fraction of time that "i" wind category exists.

Building wake distance factor

The virtual source displacement Xoi is given by
1

X

oi

8

A
yi zi

2-m.
1

and is applied in all stability categories.

Values of Xoi are tabulated

below.

X oi =

43 meters

L2

Xoi =

61

N

X .=

91

"

01

X.

=430

Q 11.10-1

"

Supplement 3
11/69

The use of a virtual source displacement in all stability conditions
is predicated on the physical reality that gas released at the surface
of a building in a wind stream will spread over the lee surface of the
building in any stability condition prior to being transported downwind.
'It may be noted that values of xoi calculated by the above equation are
those which would be obtained using a wake area correction factor
This is shown below.

c = 1/5 in the Gaussian formulation.

Compare the two atmospheric dispersion formulations:

Gaussian

x/Q

=(TrO

Sutton

x/Q

=

1
0 + CA)u
yz
2

UC yCz(X+X 0

2m

Set these two forms equal at X=O, 0y = 0z

2CA=

8

=

0

yields

A

16

5

This is conservative in comparison with the commonly used value of C=I/2.

The data used in this model is presented in Section 1 and repeated here:

Category
i

Fraction
Fi

-1

U.
1

Czi

Cyi

m.1

0.137

0.575

0.48

0.6

0.2

L
N

0.061

0. 191

0.43

0.53

0.3

0.378

0.358

0.39

0.47

0.4

I

0.424

0.493

0.07

0.40

0.5

8

=

0.353

f

=

0. 146

Q 11. 10-2
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Site Boundary

=

520 meters

Values for "F."
and f can be found in Table 3.3 of New York University
1
Report No. 372.3 presented in Section 2.6. The sector of interest in
Table 3.3 is the "worst sector meteorologically (005-020).

Q 11.10-3
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TABLE 11.11-1

(Continued)

INDIAN POINT STATION ENVIRONMENTAL SURVEY

Locations

Analysis

Grab samples
2
with 100 ft
area

Points 6, 18,
19, 20 and 21

Same as 7

Same as 7

Same as 2

Grab samples
2" in
diameter by
2" deep

Same as 11

Same as 7

Same as 7

Same as 2

Soil dried for
spectrum and
measured soon
after collection.
Gross beta of dried
soil made 48 hours
after collection

Once a
year

Along principal
roads within a
5 mile radius
of plant

Gross gamma
background

2.2 x 106
counts per
minute in a
Cesium-137 field
of 1 mr/hr

Franklin
Systems Inc.
Model 15-2

Instrument readings
in counts per
minute measured
at approximately
1/10 mile
intervals.
Readings converted
to microrem per
hour

Monthly

Selected loca
tions in
Buchanan,
Verplanck,
Montrose,
Peekskill,
and at a
number of
points on-site
at the plant
perimeter

Same as 13

1 mr/hr

Victoreen
Ionization
Chamber Model
239
0-10 mr
or
Film badges
or
TLD-Thermo
luminescent
dosimeters

No.

Media

Type

11

Vegetation

Grab

Same as 7

12

Soil

Grab

1 per
year

13

Direct

Spot
Readings

Continuous

Gamma

14

Direct
Gamma

Measurement
Ins trumentation

Minimum
Sensitivities

Sampling
Frequency

Method of
Collection

Remarks
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QUESTION 11.12
We understand that it is not proposed that milk and river bottom sediment
sampling be done as part of the proposed operational radiation environmental
monitoring program for this facility.
Since these are two prime modes of
reconcentrating radioactivity released to the environment, explain the bases
for your position that their collection is not necessary.

ANSWER

Hudson River bottom sediment has been sampled on a periodic basis since
the environmental monitoring program was revised in 1966.( 1 )

As part of

the expanded environmental monitoring program for Indian Point Station,
sediment samples will now be taken at the discharge canal and at three
locations where river aquatic vegetation is collected. (Refer to plate
attached for 11.11).

Milk will not normally be sampled since a continuing comprehensive program
is being carried out by the New York State Health Department which is able
to compare results to those from other areas of the site. (2)

(1)

-

Results of sediment measurements are reported bi-annually in the
"Survey of Environmental Radioactivity in the Vicinity of Indian
Point Station" Series USAEC Docket No. 50-3.

(2)

-

The results of these surveillance activities are reported in quarterly
Radioactivity Bulletins issued by the Department of Health at the
State of New York. An annual summary report is also issued.

Q 11. 12-1
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1.0

INTRODUCTION
The Radiation Contingency Plan for the Indian Point Station prescribes
immediate action to be taken by plant personnel to minimize exposure
This

to radiation resulting from an abnormal operating situation.

plan prescribes the action which is to be taken in order of priority,
the responsibilities of personnel for taking such action and summarizes
personnel and material resources available for assistance in minimizing
exposure and in restraining and mitigating the consequences of the
abnormal situation.
There are three phases of responsive action.

The first phase would

include initial actions directed toward the protection of personnel
and the elimination of the potential for further exposure.

The second

phase would include immediate and planned action directed toward
termination of the incident, containment of the effluent, establishment
of incident boundaries, establishment of control and channeling of
information and protection of the facility and equipment.

The third

phase would be to restore the facility to its normal operating
condition.
The first two phases will be conducted by a Contingency Team with or
without the assistance of other on-site personnel.

The Contingency

Team will be composed of shift personnel to insure that the team will
be trained and available at all times.

A Command Group will provide

technical information to the Contingency Team, and assure a smooth
transition to the final phase which it will direct.
Operating and exposure levels for the first two phases will be based on
the guidelines set forth in 10 CFR 100, whereas, for the final phase,
exposure levels will be based on the limits set forth in 10 CFR 20.

2.0

ORGANIZATION

2.1

NORMAL ORGANIZATION
The Indian Point Facility normal operating organization for an overall
facility and-shift basis is shown on Figures 1 and 2, respectively.

1
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4.0

PLAN IMPLEMENTATION LEVELS

4.1

INTRODUCTION

Instrumentation is provided at selected points in and around the
plant to detect and record the radiation levels. In the event
these radiation levels rise above a specified value, an alarm is
initiated in the Central Control Room. The automatic Radiation
Monitoring System operates in conjunction with routing and special
radiation surveys and with chemical and radiochemical analyses
performed by the plant staff.

4.2

IMPLEMENTATION LEVELS

For the three different categories considered in Paragraph 3.0,
the conditions at which the contingency plans will be implemented
are as follows:

4.2.1

Local Contingency Plan

One area radiation monitor reaches its alarm set point.
OR
The plant vent radiogas monitor reaches its alarm set
point.
OR
An unexpected increase in the level of radiation or
airborne activity in a work area as indicated by tem
porary monitors.

4.2.2

Site Contingency Plan

Two area radiation monitors, each one in a separate
building, indicate radiation levels in excess of their
alarm set points, and the plant vent radiogas monitor
reaches its alarm set point.

6
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OR
A design basis accident is indicated

4.2.3

General Contingency Plan

A Site Emergency has been declared.

AND
Off-site survey by the Health Physics Monitoring
Team indicates radiation levels equal to or in -excess
of those specified in paragraph 7.3..2.

5.0

GENERAL INFORMATION

5.1 NOTIFICATION CHANNELS

Notification of a contingency -will 'be accomplished by one or more
of the following ways:

5.2

a.

Personnel working in or around the facility.

b.

Aut-omatic alarm system (Radiation Monitoring System).

c.

Plant Public Address System.

NOTIFICATION 'ROSTER

Names, addresses and telephone numbers of the individuals and
organizations listed in this Paragraph are given in the attached
Appendix '!A".

As changes occur, revised lists will be issued

with an up-to-date list maintained in the Central Control Room
at all times.

5.2.1

Con Edison Site Personnel

The Contingency. Coordinator is responsible for notifying,
in the order shown, the first of the following site

7
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5.3

AUTHORIZATION

The following individuals are authorized to declare a contingency:

5.4

a.

General Superintendent or designated representative

b.

Operations Superintendent

c.

Health Physicist

d.

General Watch Foreman

e.

Central Control Room Operator

CONTROL CENTER

During a Local or Site Contingency, the center for coordinating all
activities will be the Central Control Room (or any other area as
may be designated by the General Superintendent).

During a

General Contingency, the Control Center will be located in the
Central Control Room, in the Production Department Office, or
in the mobile headquarters of the New York State Radiological
Assistance Team, as determined by the General Superintendent.

5.5

EXPOSURES

Although highly unlikely it is possible that situations may
arise which transcend the normal requirements for limiting
exposure.

In such cases, over exposure relative to the limits

set forth in 10 CFR 20 may be accepted if the net effect of such
overexposure will be to limit the total exposure burdens
associated with the incident.

In accordance with 10 CFR 100,

exposure to penetrating radiation may be accepted up to 25 rem
to the whole body, To the extent practical, exposures subsequent
to the occurrance of an incident will be limited to 1/2 of the
10 CFR 100 values.

In all situations, though, every reasonable

effort will be made to minimize the exposure.

Rescue personnel

may receive up to 100 rem of penetrating radiation to the whole
body if the saving of human life will result.

10

As long as this
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limit is not exceeded, no permanent disability will result.
However, under no circumstances will this type of exposure be
permitted unless rescue personnel are wearing monitoring devices
capable of measuring these exposures.

5.6

TRAINING DRILLS

Internal practice exercises to demonstrate adequate familiariza
tion with the procedures by members of the operating stall will
be performed on a semi-annual basis or more frequently should
the results of a particular exercise indicate the need.

In

order to provide a true measure of the degree of station personnel
readiness, practice drills will generally be initiated without
prior announcement.

In addition to the above mentioned drills, communication by
radio contact, such as might be required in certain situations,
will be made on a weekly basis between the'licensed reactor
operator in the Central Control Room and the System Operator
at the Company's Energy Control Center.

5.7

REVIEW AND UPDATING

A continuing review of operations will be performed by the
Station operating staff, the Production Departmen t adminis
trative staff, and the executive level for those departments
with operating, design, and safety responsibility for the
facility.

There will be periodic reviews by the Nuclear

Facility Safety Committee of operations, normal and abnormal
procedures, and changes to the facility or Technical Speci
fications.

The contingency plans and procedures will be

reviewed and updated as required.

.I1
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5.

Determine exposure times and personnel exposures.

Maintain

exposure records.

6.

Recommend and obtain necessary equipment and supplies to
handle the situation in a safe and efficient manner.

7.

Provide survey and monitoring services for personnel
evacuated from the site.

8.

Based on the results of on-site and off-site radiation
surveys, provide estimates of the magnitude of the release
to the Command Group.

9.

Advise and assist personnell re-entering any high radiation
and/or high airborne activity areas.

7.3

GENERAL CONTINGENCY PLAN

7.3.1

Responsive Actions

The actions to be taken by the Central Control Room Operator,
the General Watch Foreman, the Contingency Coordinator, the
Command Group, and the Health Physics Monitoring Team are as
delineated for a Site Emergency.

Additional actions are as

follows.

Command Group
1.

Send the Health Physics Monitoring Team downwind to the
site boundary and beyond to perform a radiation survey.

2.

Notify the following that a General Contingency has been
declared giving the details of the situation.

a.

Con Edison Management

I).

State of New York

c.

Westchester County

28
11
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3.

d.

Atomic Energy Commission

e.

U. S. Coast Guard

f.

Private Consultants

Determine the magnitude and extent of the incident by
evaluating information from the Central Control Room and
from the Health Physics Monitoring Team surveys.

This

information will consist of instrumentation readings and
any survey results available, and will serve as a basis
for req uesting outside assistance.

4.

If the results of the evaluation of the environmental
conditions exceed the criteria set forth in Paragraph
7.3.2, notify the State of New York Dept. of Health,
Bureau of Radiological Health Services, Westchester County
Dept. of Health and the AEC that immediate assistance is
reques ted.

5.

Provide the State of New York and/or Westchester County
with the following information:

6.

a.

Radiological data

b.

Meteorological data

c.

Plant status

d.

Engineering assessment of operating conditions..

Give all possible assistance'to the State of New York,
and/or any other additional support groups as may be
required by the State of New York.

Health
1.

Physics Monitoring

Team

Perform radiation surveys downwind at the site boundary
and beyond as requested by the Command Group.

2.

Perform radiation survey for the State of New York and/or
Westchester County if required.

29
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AI'PINI1)X A
EMERGENCY NOTIFICATION ROSTER
Al.

Con Edison Site Personnel
Title

Name

General Superintendent

D. J. McCormick

Address and Phone No.
28 Besen Parkway
Monsey, N.Y. - 10952

AC 914-EL-6-2118
Assistant General
Superintendent
(Acting Operations

A. A. Karkosza

Montebel
Garrison On Hudson, N.Y.
10524
AC 914-265-2252

Operations Superintendent

T. M. Law

261 Cordial Road
Yorktown Heights, N.Y. 10598
AC 914-245-7723

Reactor Engineer

J. M. Makepeace

45 Tamarack Drive
Peekskill, N.Y.
AC 914-737-4170

Performance Superintendent

S. H. Cantone

276 Glen Ave.
Dumont, N.J.
AC 201-384-1753

Assistant Maintenance
Superintendent

A. S. Darden

17 Franklin Avenue
Croton On Hudson, N.Y. 10520
AC 914-CR-1-3574

Assistant Operations
Superintendents

R. L. Simms

15 Birch Parkway
Sparta, N. J. 07871
AC 201--PA9-7884

A. A. Nespoli

422 Elizabeth Road
Yorktown Heights, N.Y. 12590
AC 914-Y02-4305

Health Physicist

G. H. Liebler

3 Ronsue Drive
Wappingers Falls, N.Y. 12590
AC 914-896-8375

Assistant Superintendent

W. A. Monti

Superintendent - Unit

No. 2)

Bloomer Road RFD No. 2

Mahopac, N.Y. 10541
AC 914-628-6709
Production Engineers

M-53

C. Limoges

Cortlandt Strett
Crugers, N.Y. 10521
AC 914-737-8908

Supplement 13
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B. Moroney

1417 The Circle
Peekskill, N.Y. 10566
AC 914-739-5152

M. Shatkouski

6 Rolling Way
Hillcrest Park East
Apt. 6F
Peekskill, N.Y. 10566
AC 914-737-5818

Title

Name

Address and Phone No.

Manager - Nuclear

J. A. Prestele

42 Lynn Drive
Englewood Cliffs, N.J.
07632
AC 201-LO-7-3843

T. A. Griffin, Jr.

21 Besen Parkway
Monsey N.Y. 10952
AC 914-356-1819

1
I Executive Medical Director'

S. C. Franco

8950 Colonial Road
Brooklyn, N.Y. 12209
AC 212-TE-6-4153

Radiation Safety Officer

W. F. Nelson

7 Toddville Lane
Peekskill, N.Y. 10566
AC 914-737-3865

Chief Mechanical Engineer

J. J. Grob, Jr.

19 Browning Drive
Livingston, N.J. 07039
AC 201-WY-2-1501

Vice President &
General Counsel

J. D. Block

920 Park Avenue
New York, N.Y. 10028
AC-212-62P-P335

System Duty Representative

Variable

Posted Weekly

Director of Public
Information

W. 0.

A2.

Con Edison Management

Power Ganeration Department

Vice President - Power

Supply

14 1

Farley

17 Darrow Court
Kedall Park, N.J.
AC 201-297-2746
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TABLE Q 13.1-1 (Cont'd)

X

0
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28 0
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X
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2
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1
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1
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R
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6

R

6
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TABLE Q 13.1-1 (Cont'd)t

0
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0

Near Top Supt. Plt.
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D-14 (Plut.

Recycle)

H-8 (Center)
K-2 (Max. Vel.)
EXTERNAL TRANSDUCERS

Vessel Head Studs

Bottom of Vessel
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R
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R

l
1*
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R

1*
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1*

A

1*
3

Outlet Leg (21)

1

%62' (Support Pad Elev.)
%83' (Top Motor Flange)
_

Intermediate

1*

Inlet Leg (21, 22 & 24)

Steam Generato, %65' (Support Pad Elev.)
I
No. 21
%120' (Near Top)
Main Coolant
Pump No.21

C

0

%54'

C

1*

C

1*
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1*

1*

_,_•_R

(Center of Pipe)

R

1*

R

1

Leg (Loop 21)
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%46'
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*These instruments in addition to portable accelerometers will be used
during the Impedance Test to determine mode shapes.
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QUESTION 14.6
Based on our evaluation of the fuel handling accident, we have concluded
that the design bases for equipment in the fuel handling area should con
sider that all rods in an assembly could be perforated by dropping a fuel
assembly during refueling. In calculating resulting offsite exposures
we assume that 20% of the noble gas and 10% of the halogen would be released
and that 90% of the halogens would be retained in the fuel storage pool.
The resulting thyroid dose at the site boundary is in excess of 10 CFR
100 guidelines. Please state what corrective measures or design changes
will be made to insure that off-site doses resulting from this accident
will be less than the 10 CFR 100 guidelines.
ANSWER
The consequences of an accident in which all rods in an assembly are
breached under water in the spent fuel handling area were analyzed. Two
cases were considered: an expecte d case, in which the expected characteristics
of the highest rated assembly normally to be discharged at end-of-life
are assumed, along with best-estimate transport behavior of fission products
determined by tests; and a conservative design basis case, in which factors
are introduced to allow for uncertainties.
The expected case is summarized in Table 14.6-1.
off-site doses are calculated to be 3.3

The resulting maximum

rem thyroid and 0.4

rem whole

body,, assuming continuous exposure during passage of the released radioactivity.
These doses are well below 10 CFR 100 limits.
In order to impart a degree of bias to the calculation sufficient to assure
conservative results, margins for uncertainty were then applied to experi
mental data and the assumptions regarding fission product inventories.
the design basis case thus obtained, summarized in Table 14.6-2, the,

In

maximum off-site doses are 14
rem thyroid and 1.1 rem whole body. Thus, even
in the event that unexpected deviations from predicted behavior were to
occur, the consequences of the postulated fuel handling accident are con
cluded to be within the guidelines of 10 CFR 100.

In view of these results,

no further provisions in the design of the fuel handling and storage facility
are relied upon to assure conformance to regulations governing accidental
release of radioactivity.

All reasonable measures will be employed in the
handling of irradiated fuel, however, to ensure against the occurrence of
fuel damage and the associated radiological hazard.

Q 14.6-1
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Basis for Assumptions
In analyzing the consequences of a fuel handling accident, we have made
assumptions which differ from those set forth in Question 14.6.

These

differences are justified on the basis of specific design parameters and
conditions of operation of the fuel of this reactor, and by means of tests
conducted for this purpose.
summary of which follows).

(See WCAP-7518-L, Westinghouse Proprietary, a
The major differences lies in the decontamination

factor (DF) for iodine which is assumed for gas bubbles passing through the
spent fuel pit liquid:

whereas the DF stated in the question is 10 (i.e.,

90% retained by the liquid) we have assumed 740 in the expected case and
500 in the design basis case.

These values are based on tests conducted

by Westinghouse to measure the absorption efficiency of bubbles under
conditions closely simulating the accident.

An experimental arrangement, consisting of a 9 inch diameter vertical column
containing boric acid solution at a depth of up to 7.5 feet, was utilized
in the study.

At the bottom of the column, a gas injection vessel was provided

to permit the introduction of a fixed gas (nitorgen) containing iodine vapor
aLt the design basis concentration for a Westinghouse fuel assembly.

The gas

mixture was injected in the solution and the stripping efficiency for the
molecular iodine was determined by inventory of the fraction which escaped
from the aqueous solution, compared to the quantity retained in the solution.
The bubble size was controlled, as was the solution depth, so that the
relationship between DF and these variables could be determined.
The results of these tests provide a relationship between DF and bubble size
for given water depths (bubble residence time).

To obtain a basis for

selecting a conservative bubble size with which to model the release of gas
from a broken fuel assembly, a full-scale mockup test was conducted.

The

mockup simulated in exact detail the cross section of a Westinghouse fuel
assembly, fitted up in such a way as to permit the simultaneous release from
all tubes of a quantity of gas at a pressure and volume corresponding to the
Void space of an actual fuel assembly.

The gas was discharged in a large

pool at a depth of 26 ft, approximately the depth of the top of the spent
fuel racks.

Effective bubble size was determined by measuring the absorption9

Q 14.6-2
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of a trace gas in the full scale release and comparing this with absorption
of the same gas with controlled bubble diameter in the laboratory column.

Using the laboratory column data as a basis for the efficiency of absorption
of iodine relative to the trace gas, the expected DF for iodine was then
calculated for the full-scale release at

the 26-ft depth.

Best-fit of the

experimental results gave a DF of 1200 when the release from a Westinghouse
designed non-pressurized fuel assembly was simulated, and 740 when the gas
pressure was elevated to simulate Westinghouse designed pressurized fuel.
The thyroid dose in Table 14.6-1 was based on the lower DF, although the
first core for Indian Point Unit 2 will not be pressurized; future cores
in Unit 2 may employ pressurized fuel.

Evaluation of the experimental results was then repeated making allowance
The

for uncertainties in the measurements and modeling assumptions.

conclusion was that values of 900 and 500 would conservatively represent
the DF for non-pressurized and pressurized fuel, respectively.

Accordingly,

a value of 500 was assumed for purposes of calculating the thyroid dose in
Table 14.6-2.

Dose Calculation Methods

The dose calculations were performed for an instantaneous release of the
fuel assembly gap activity to the spent fuel pit water.
factor

The dispersion

(X/Q) used in-the calculations is for the site boundary, short term

dose.

A.

Inhalation (thyroid) dose

Since practically all halogen isotopes except iodine-131 in the fuel
assembly have decayed to insignificant levels after 100,hours decay
time, the thyroid dose is calculated using 1-131 activity only.

The

following equation is used to obtain an integrated dose:

Q 14.6-3
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A

S
D

hr
)
(2
S

thy

.B."

-x131 td

= [ A(131) " e

( )
DF

.

x/Q :(S.B.)

*

DCF(131)

. B I

where:
S. B.

=

site 'boundary.

A(131)

=

activity of 1-131 in fuel assembly gap

X

=

time constant for 1-131 decay

td

=

elapsed time before transport ;of fuel from ,containment

DF

-

decontamination factor for iodine in spent :fuel pit 'water

DCF(131)

=

dose conversion factor for 1-131 (1.48x106 rem/Ci)

X/Q
B=

(S.B..
-

-

Ci

atmospheric dilution factor for site boundary distance
breathing rate
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