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REACTOR
4.1  SUMMARY DESCRIPTION

This section is presented in RESAR-3, Section 4.1.
RESAR-3 information for the four loop plant without loop stop valves is

applicable.




4.2 MECHANICAL DESIGN
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4.3  NUCLEAR DESIGN

This section is presented in RESAR-3, Section 4.3
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4.4  THERMAL AND HYDRAULIC DESIGN

This section is presented in RESAR-3, Section 4.4
RESAR-3 information for the four-loop plant without loop stop valves is

applicable.
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5.1

CHAPTER 5

REACTOR COOLANT SYSTEM

SUMMARY DESCRIPTION

Tnis section is presented in RESAR 3, Section 5.1 subject to the following:

1.

The information for the four Toop plant without Toop stop valves

is applicable.

Modification to information in RESAR 3, Section 5.1 is as follows:

Figure 5.1-1, Reactor Coolant System Flow Diagram

Residual iieat Removal System cooldown supply line No. 2 connection to
the Reactor Coolant System is located in reactor coolant Toop No. 1
in lieu of loop 4. In addition, the reactor coolant loop sample con-
nection to loop 3 is relocated to loop 4. For the Floating Nuclear
Plant Tayout, relocation of the connections results in RHR pipe
length reduction. The relocation of the connections has no effect on
the functional performance of the Reactor Coolant System, Residual

Heat Removal System, or the Sampling System.

Refer to Figures 5.1-1 (Reactor Coolant System Flow Diagram) and
5.5-2 (Residual Heat Removal System Flow Diagram). Instrumentation
nomenclature shown on figures is in accordance with Chapter 7 of

this report.

5.1-1




5.2 INTEGRITY OF THE REACTOR COOLANT SYSTEM BOUNDARY

Sections 5.2.1, 5.2.2 and 5.2.3 are presented in RESAR 3, subject to the

following:

The information for the four Toop plant without Toop stop valves-is applicable.

5.2.4 REACTOR COOLANT PRESSURE BOUNDARY LEAKAGE DETECTION SYSTEMS

5.2.4.1 General

The In-Containment Coolant Leak Detection System (CLD) provides the capa-
bility to detect the presence of significant radioactive or nonradioactive
leakage of reactor coolant to the containment atmosphere during normal opera-
tion. Variations in the particulate activity, gaseous activity and specific
humidity of the containment atmosphere above a preset level are indicated

in the control room.

A leakage estimate is then made from either the variation during the tran-
sients or the new steady state. These leakage detection provisions are
sufficiently sensitive so that 'small increases in leakage rates can be -
detected while the total leakage rate is still below a value consistent

with safe operation of the plant.
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The particulate and gaseous activity are monitored by the containment air
particulate and radiogas monitors. The specific humidity is monitored by
the condensate measuring system and the dew point temperature monitoring

system.

Positive indications in the control room of leakage of coolant from the
Reactor Coolant System to the containment are provided by eguipment which
permits continuous monitoring of containment air activity and humidity.

This equipment provides identification of the normal background level which
is indicative of a normal level of leakage from primary systems and com-
ponents, Any increase in the observed parameters is an indication of chahge
within the containment environmental conditions including air particulate

activity, radioactive gas activity, and specific humidity.

The filter paper has a 25-day minimum supply at normal speed. The filter
paper feed mechanism and electromagnetic assembly which controls the filter

paper movement are provided as an integral part of the detector unit.

The detector assemb]y‘is in a completely closed housing. The detector
output is amplified and transmitted to the radiation monitoring system
cabinet in the control room. . Lead shielding is provided to reduce the
background radiation level to a level which does not interfere with the

detector's sensitivity.
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Activity is indicated and recorded in the control room. In addition, high-
activity alarm indications are displayed in the control room. Local indi-
cators and alarms provide operational status of supporting equipment such

as pumps, motors and flow and pressure controllers.

The sensitivity of the air particulate monitor to an increase in reactor
coolant leak rate is dependent upon the magnitude of the normal baseline
leakage into the-containment. Where containment air particulate activity

is below the threshold of detectability, operation of the monitor with
stationary filter would increase leak sensitivity to a few cubic centimeters

of liquid per minute.

5.2.4.2 System Description

The In-Containment Coolant Leak Detection System consists of the air particu-
late monitoring subsystem, radiogas monitoring subsystem, condensate measur-
ing subsystem, and the dew point temperature monitoring subsystem.

Portions of the system fluid piping and valves which penetrate the contain-

ment and serve as containment isolation are designed to Safety Class .2 re-

quirements. The remainder of the system is classified non-nuclear safety.
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5.2.4.2.1 Containment Air Particulate Monitor

This monitor takes continuous flow air samples from the containment atmosphere
and measures the air particulate gamma radioactivity. The samples are drawn
outside the containment in a sealed system and are monitored by a scintilla-
tion counter-filter paper detection- assembly. The filter paper collects 99
percent of the particulate matter greater than 1.0 micron in size on its
constantly moving surface, which is viewed by a hermetically sealed combina-
tion scintillation crystal-(iNal) - photomultiplier. The monitor has a

measuring range of 1079 to 1076 uc/cc.

For cases where the baseline reactor coolant leakage 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 baseline

value.
5.2.4.2.2 Containment Radioactive. Gas Menitor

This..monitor measures the gaseous beta and gamma radioactivity in the
containment by taking continuous air samplés from the .containment atmosphere.
The samples first pass through the air particulate monitors where particu-
late matter is removed, and then pass through a sealed system to a gas
monitor assembly. After passing through the gas monitor the gas sample

is returned to the containment atmosphere.
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Each sample is continuously homogenized in fixed, shielded volumes, where
it is viewed by Gieger-Mueller tubes. This monitor has a measuring range

of 10-6 to 10-3 uc/cc.

The detector is in a completely enclosed housing containing a gamma sensitive
Geiger-Mﬁe]]er tube mounted in a constant gas volume container. Lead shie]d-
ing is provided to reduce the background radiation Tevel to a point which
does nét interfere with the detector's sensitiyjty. 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 mohitoring system cabinets.

Local indicators and alarms provide operational status of the equipment.
The air particulate and radiogas monitors have a common pump unit.

The unit consists of:

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.
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5.2.4.2.3 Specific Humidity Monitoring Devices

The containment specffic humidity monitoring devices offer furtﬁer means

of detecting leakage into the containment. These devices (the condensate
measuring system and the dew point monitor) are not as sensitive as the

air particulate and the radiogas monitors, but have the advantage of béing
sensitive to vapor originating from all sources; the Reactor Coolant System, )
Main Steam System, Feedwater System, and other auxiliary fluid system§«16ca?éa )
1nsi&e the containment. Thus, these devices are able to detect leakage from -
non-radioactive sources, as well as the Reactor Coolant System during the

period of initial plant operation when the coolant activities are expected

to be low.

5.2.4.2.4 Condensate Measuring System

The condensate measuring system permits measurements of the flow rate of
liquid run-off from the cooling coils of the containment Tower compartment
fan cooler units. The system consists of a vertical standpipe, valves and

instrumentation installed in the drain piping of the fan cooler units.

Depending on the number of low compartment fan cooler units in operation,
the drainage flow rate from each unit due to normal condensation is calcu-
lated. With the initiation of an additional or abnormal leak, the contain-
ment atmosphere humidity and condensation run-off rate will both begin to

incrzase and the high condensate flow alarm will be actuated.
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The containment specific humidity will increase proportionally to time and
leakage until the dew point is reached at the fan cooler units cooling

coils.

With the increasing specific humidity, the heat removal capacity needed to
cool the aif—steam mixture to fts dew point'temperature increases.
Therefore, increases in specific humidity and available heat removal capa-
city from the cooling coils will reéu]t in added condensate flow. The
condéhsate flow rate then is a function of specific hum{dity. Through
accurate measurements of condensate flow variation a reliable estimate of

leakage rate can be made.

A preliminary estimate of the leakage can be obtained from the condensate
flow increase rate during the transient. A bettér estfmate caﬁ be deter-
mined from fhe steady state condensate flow when equilibrium has been
reached. The device will alarm on a condensate flow rate corresponding to

a leak of 1 gpm or larger.
5.2.4.2.5 Dew Point Temperature Monitoring
The dew point measuring system consists ofAsix dewcell elements. One

element is located at each of the Tower compartment fan cooler units inlet

and one each in the upper and Tower compartments of the containment. The

basis of operation of these elements is the behavior of a hygroscopic solid.

5.2-7




When dry lithium chloride is exposed to the atmosphere under average room
conditions, it will absorb moisture and dissolve, forming a salt solution.

If this solution is heated, the water tends to escape back to the atmosphere.

A state of equilibrium is reached at a temperature when the tendency of
water to escape is equal to the tendency of the salt to absorb meigture.
At this equilibrium point, the temperature of the salt and the saturated
solution (temperature of the dewcell element) is a measure of the partial
pressure of water vapor in the sufrounding afmosphere, i.e., dew point
temperature. The range of the dew point temperature measuring system is 0 to
100°F. 1Its accuracy is + 1°F.

Quantitive information about leakage can be obtained from dew point tem-
perature measurements by considering that every value of leakage cofres-
ponds to a maximum value of specific humidity in the containment (steady
state value). A plot of the sfeady state dew point temperature as a
function of the leakage f1ow; gives for every value of dew point tempera-
ture in the containment, a minimum value of the leakage Tikely to be de-

veloping.

Due to the slow response of containment atmosphere specific humidity for

an abnormal increase in leakage, dew point temperature recordings (specific

humidity) may prove useful in‘estab1ishing the location and history of the leak.
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5.2.4.2.6 Gross Leakage

An accident involving gross leakage in the containment would be detected

by the following additional methods:

1. Charging Pump Operation
During normal operation only one charging_pump is operating. If a
gross Toss of reactor coolant occurred which wés not detected by the
methods previously described, increased flow rate of the charging
pump would indicate that fhe leakage of reactor coolant must be
sufficient to cause a decrease in pressurizer level that is within

the sensitivity range of the pressurizer level instrumentation.

2. Sump Levels and Pump Operation

Since a break in the Reactor Coolant System would result in reactor
coolant flowing into the containment sump, gross leakage would be
indicated by sump water level indication and the frequency of opera-

tion of the containment sump pumps.

3. Liquid Inventory

Gross leaks might be detected by unschedule& increases in the amount
of reactor coolant makeup water which is required to maintain the
programmed level in the pressurizer. This is inherent]y'a Tow
precision measurement, since makeup water is also required for

leakage from systems outside the containment.
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5.2.4.3 System Operation

under normal conditions the reactor coolant pressure bdundary 1eakage
detection system monitors and records atmospheric conditions within the
containment. For conditions of abnormal leakage into the containment,
operator action may be required. The following requirements have been
established to specify those Timiting conditions for operation of the

Reactor Coolant System which must be met to ensure safe reactor operation.

5.2.4.3.1 Requirements

1. Leakage
a. Detected or suspected Teakage from the Reactor Coolant System ‘

~shall be investigated and evaluated.

b. If the leakage rate, from other than controlied leakage
sources, stuch as the reactor coolant pump controlled leakage
seals, exceeds 1 gpm and the source of the leakage is not
identified within 24 hours of 1leak detection, the
reactor shall be brought to hot shutdowﬁ. If the source of
leakage is not identified within an additional 48 hours, the

reactbr shall be brought to a cold shutdown condition.




c. If the sources‘of 1eakége afekidenﬁified énd the Eesu]ts
of the evaluations are that continued operation is safe,
operation of the reactor with a total leakage, other than
1eakage>from controlled sources, not exceeding 10 gpm

shall be permitted except as specified in 4 below.

d. If it is defermined that Teakage existé through a non-
isolable fault which has developed in a Réachr Coolant System
component body, pipe wa1f, vessei wall, or pipé weld, the
reactor shall be brought to a cold shutdown condition and

corrective action taken prior to resumption of unit operation.

e. If the total leakage, other than feakage from controlled
sources, exceeds 10 gpm the reactor shall be placed in the
cold shutdown condition. A 10 gpm leak rate is less than
10 percent of the makeup rate avai}ab]e from the reactor

makeup control mode of operation.

A listing of operator actions to be taken in the event of the initiation

of an alarm or alarms denoting abnormal Teakage is presented in 5.2.4.3.2.
5.2.4.3.2 Containment Radiogas and Air Particulate Monitoring

Upon actuation of a high activity alarm the operator.will follow these steps:
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1. Record particulate and gaseous activity measurements at equal time

intervals.
2. Determine the activity increases during these intervals.

3. Estimate the coolant leakage rate from the radioactivity increases.
This is accomplished by comparing the measured increases to a curve
showing abnormal reactor coolant leakage as a function of particulate

and gaseous activity variation.

The estimated leakage and measured particulate and gaseous activities may
then be plotted to test the consistency of the data and estimate the time

elapsed since the beginning of the leak.

5.2.4.3.3 Condensate Measuring System

The initiation of an additiona1 or abnormailleék in the containment will
result in an increase in the condensate runoff rate. The additional

condensation will signal a change in the system and subsequently actuate

an alarm.
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Upon actuation of the alarm, the operator performs the following:
1. Record condensate measurements at equal. time intervals.
2. Determine the condensate flow increase during these intervals.

3. Use available curves indicating leak rate versus condensate

flow rate.
5.2.4.3.4 Dew Point Temperature Monitoring

As previously stated, a curve can be generated showing minimum Teakage
as a function of containment atmosphere dew point temperature. Therefore,

if an increase of dew point temperature is observed, the operator refers

to a curve to obtain a minimum leakage rate value.
5.2.4.4 Evaluation

‘The above instrumentation will allow detection of leakages occurring within
the containment. The location of specific leaks will in general have to
be determined visually, although dew point recordings may aid in this de-
termination. The location of any leak in the Reactor Cocolant System would

be detected by the presence of boric acid crystals. The leaking fluid
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transfers poric acid outside the RCS and the process of evaporation

deposits crystals.
5.2.4.4,1 Containment Air Particu]ate,Monitor

The containment air particulate monitor is the most sensitive instrument
avajlable for defection of reactor coolant Teakage into the containment.
This instrument is capable of detecting particulate activity in concen-
tration as Tow as 1079 to 1076 uc/cc of containment air sampled. Leakage
rates of about .01 gpm to Teaks greater than 10 gpm can be observed for

specific values of corrosion product activity and 1ittle or no leaky fuel.
5.2.4.4.2 Containment Radioactive Gas Monitor

The containment radioactive gas monitor is inherently less sensitive.
(threshold at 107 wc/cc) than the containment. air particulate monitor and
would function in the event that significant reactor coolant gaseous
activity exists due to fuel cladding defects.

5.2.4.4.3 Condensate Measuring System

The condensate measuring system determines. Teakage 1osses,from}water_and.

steam systems within the containment. The system collects and measures
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the moisture condensed from the containment atmosphere onto the cooling

coils of the Tower compartment fan cooler units.
5.2.4.4.4  Dew Point Temperature Monitoring

The dew point temperature monitoring provides a backup to the other devices.
This instrumentation will be sensitive to incremental increases of leakage

to the containment atmosphere on the order of 0.5 gpm per 1°F in dew point.
5.2.4.4.5 Allowable Leakage Rate

The 1 gpm maximum permissible leakage rate from unidentified sources with-
in the reactor coolant pressure boundary is well below the leakage rates
calculated for critical through-wall cracks in pipes 3" diameter and
larger. The lengths of through-wall cracks that are calculated to leak
0.5 gpm in 2" lines, 1 gpm in 3" lines and 2 gpm in Tines 4" diameter and
larger are given in WCAP-7503 Revision 1, "Determination of Design Pipe
Breaks for the Westinghouse Reactor Coolant System", issued February 1972.
Included in this report are the ratios of critical through-wa11'cracks to
computed lengths for these leakage valves as a function of pipe diameter
and wall thickness based on the appTication of the principles of fracture

mechanics as well as the mathematical model and data used in the analyses.




Although the 1 gpm maximum permissible uniderntified lTeakage rate is larger
than the 0.5 gpm leakage rate analyzed for cracks in 2" lines, core cooling
ana1yses_have shown that for "small breaks" that is, for breaks up to the
equivalent of the cross-sectional area of a 4" diameter line, no reactor

fuel clad damage occurs.

Operating experience from the Robert Emmett Ginna plant indicated that
the average total Teakage from the Reactor Coolant System, including the
charging and letdown portion of the Chemical and Volume Control System,
was about 0.5 gpm.' Major sources of this leakage were the reciprocating
charging pump seals, averaging about 0.2 gpm, and the valves in the pres-
surizer spray and spray bypass system, which averaged between 0.2 gpm and

0.5 gpm between repackings.

‘The system design incorporates spray valves of the bellows or packless type,
which will eliminate the large valve leakages at the Ginna plant. In
addition, the design incorporates a head tank on the reciprocating

charging pump to ensure satisfactory operation of pump seals and minimize

seal leakage.

With these improvements, the total average leakage rates are much lower

than those previously éxperienced.
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The total normal leakage from the Reactor Coolant System is expected to

be about 50 1bs per day.
5.2.4.5 Tests and Inspections

Tests and inspections prescribed for the containment air particulate and

radiogas monitors are presented in RESAR'3, Section 11.4.
5.2.4.5.1 Condensate Measuring and Dew Point Temperature Monitors

During the period of plant hot functional testﬁhg, a reactor coolant Teak
of known magnitude will be simulated inside the containment, and perfor-
mance of the humidity detector and condensate measuring system will

be observed. The leak will be simulated by introducing steam into one of
the loop compartments during a period when confainment atmospheric con-
ditions are stable and the fan-cooler units are operating. Thé increase
in containment atmosphere moisture content, as indicated by the humidity
detectors, will be recorded as a functidn of fime fo]]owiﬁg initiation of
the simulated leak. In addition, the same information will be-determined
independently using the condensate measuring system. Elapsed time

before initiation of condensation run-off from the fan-cooler Qnit cooling

coils will be recorded and compared with the calculated value based on. the
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initial conta1nment humidity. Steam flow w111 continue, and the performance

of the condensate measur1ng devices in 1nd1cat1ng the magnitude of steady

cooling coil run-off will be observed.

5.2.5 INSERVICE INSPECTION PROGRAM

During the design phase, careful coneiderafieﬁ Has‘been given to provide
access for the pre-service baseline and subsequent fnservice visual and
non-destructive inspections of the reactor coolant primary and associated
auxiliary systems and componeﬁts Within the boundariesvestab1ished in accord-
ance with the requ1rements of IS-120 Section XI of the ASME Boiler and

Pressure Vessel Code

Specific prov1s1ons made for base11ne and inservice 1nspect1on access in the
des1gn of the reactor vesse1, system 1ayout and other major primary coolant

components are as fo11ows

1. All reactor 1nternaTs are comp]ete]y removab]e The tools and
storage space requ1red to permit reactor 1nterna1s remova] for

these 1nspect1ons are prov1ded. ”
2. The reactor vesse1‘she11 in the core area is designed with a

clean, uné]uttered cylindrical inside surface to permit future

positioning of inspection equipment without obstructions.

'5.2-18




The reactor vessel cladding is improved in finish by grinding to the

extent necessary to permit meaningful examination of the vessel welds

and adjacent base metal in accordance with the Code.

The cladding-to-base metal interface is ultrasonically examined to
assure satisfactory bonding to allow volumetric inspection of the

vessel welds and base metal from the vessel inside surface.

The reactoricTosure head is stored in a dry condition on the opera-
ting deck during refueling, allowing direct access for'inservice

“inspection.

" The insulation on the vessel closure and lower, heads is removable,
allowing access for the visual examination of head penetrations

during inservice inspection.

A1l reactor vessel head bolts, nuts, and washers are removed to dry
storage during refueling, allowing inservice inspection in parallel

with refueling operations.
Access holes are provided in the core barrel flange allowing access

for remote visual examination of the clad surface of the vessel

without removal of the lower internals assembly.
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10.

11,

12.

13.

14,

Removable plugs are provided in the primary shield providing access
for the surface and visual examination of the external primary

nozzle safe-end welds.

- Manways are provided in the steam-generator channel head. to. provide

access for internal inspection.

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

-internal inspections.

The insulation covering all component and piping welds and .adjacent
base metal is designed for ease of removal and replacement in areas

where external inservice inspection is planned.

Removable plugs are provided in the concrete structure above the
reactor coolant pumps to permit removal of the pump motor to pro-

vide internal inspection access to the pump.

The primary Toop compartments are designed to allow personnel entry
during refueling operations, to permit direct inservice inspection

access to the external portion of piping and components.

The Inservice Inspection Program described in this.section is .applicable

to the pre-service baseline inspection.
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5.2.5.1 iInspection of Primary Loop Components Except Reactor Vessel

The use of conventional non-destructive, direct visual and remote visual
test inspeétion 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 Tevels and remote underwater

accessibility to this component.
5.2.5.2 Inspection of Reactor Vessel

As indicated above, the only specialized remoté inspection equipment
currently reqﬁired is for the inspection‘of‘the reactor vessel. The
pre-service baseline inspection will be performed utilizing a remote
reactor vessel ultrasonic inspection tool which will perform the code
required inspection of the circumferential and Tongitudinal shell welds,
the flange-to-vessel weld, the Tigaments between the f]ange‘holes, the

nozzle-to-vessel welds, and the nozzle-to-safe-end pipe welds.
5.2.5.2.1 Reactor Vessel Inspection Tool Configurations

The vessel inspection tool has two major structural components, the
center column assembly which is supported and aligned from the vessel

internals support flange by the main carriage and the spider assemblies.

These two structures form the rigid base assembly from which all the
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scanning arm and drive assemblies are mounted and operated. Two cdnfigura-
tions of the tool can be arranged depending on the areas of the vessel to
be examined. In one configuration the scahﬁihg arm and transducer array
necessary to examine the vessel shell wé1dé are mounted on the main
carriage assembly and can tréverse'the fu?Tfiéngth of the vessel up and
down and also provides 360 degrees cifcumferentfa] rotation around the
inside of the vessel. In the second configuration, the nozzle scanning
assembly is mounted beneath the carriage and can be rotated through 360
degrees to provide alignment with any of the vessel nozzles. The tool,
in this configuration, can be installed in the vessel without removal of
the Tower internals package. The scanning attachment for the examination
of the vessel flange weld and ligaments can be installed on the‘tooi in
either of the two configurations described above. Figures 5.2-1 and

5.2-2 show the inspection tool in both configurations.
5.2.5.2.2 Reactor Vessel Inspection Tool Operation

For reactor vessel scanning a data acquisition system is used which com-
bines simplicity with operational reTiabi11ty and adaptability. It
employs an electronic system with a receiver or data channel for-each
transducer unit. The signal récefved from the transducer is transmitted
through an e1ectron1c'distance amplitude correction device and depending

on the ahp]itude is gated through individual transigates to a priﬁtek.
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Simultaneously with the gated signal, information is received from the
position indication encoder system which provides position coordinates.
An audio/visual alarm is also triggered. The resultant indication is

printed on a recording device together with its position reference.

Following the completion of the scan of all the areas scheduled for in-
spection the tool operator(s) will, operating on manual control, return
the transducer array to each of the indicaticn‘pbsition coofdinates and
fully evaluate the nature of the indication to sufficient extent to be
able to determine the size, shape and orientation. Special transducer
arrays with variable angle search units are provided to assist in fhis

activity.

For manual ultrasonic scanning, such as examination of a circumferential i
pipe weld, a set of standard operator procedures will be utilized to
ensure that all inspection results are recorded in such a manner as to
avoid aﬁy ambiguity in interpretation. The procedure specifies how any
iﬁdication must be recorded with respect to scan direction and weld
orientation and how datum points, from which the location of all indica-

tions are measured, are to be selected.

The data from the various baseline examinations, collected in accordance

with the above procedures, will be collected into a comprehensive report
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tabulating all the results. The report will describe the scope of the
inspection, the procedures utilized, the equipment utilized and names and
qualifications of the operators and the examination results including

all instrument calibration criteria.

5.2.5.3 Loose Parts Monitoring Program

Programs are under development which might, in the future, prove capable

of inservice detectionlof loose parts and/or excessive vibration. One
program involves the use of out-of-core detectors for the collection of
nuclear noise signals. Another program involves the study of accelerometer
measurements obtained from detectors positioned on the steam generators

and the reactor vessel. The accelerometers are sensitive to the range

of frequencies expected for small loose parts.

The design of the plant will not preclude the addition of the above
described systems, should either prove successful in its intended function.
Developments in the technology of loose parts detection will be fo]]owed
and consideration will be given to the addption of programs which might

prove capable of inservice detection of loose parts.
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5.3 THERMAL HYDRAULIC SYSTEM DESIGN

This section is presented in RESAR 3, Section 5.3. The information for

the four loop plant without Toop stop valves is applicable.
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5.4  REACTOR VESSEL AND APPURTENANCES

This section is presented in RESAR 3, Section 5.4. The information for

the four loop plant without Toop stop valves is applicable.
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5.5 COMPONENT AND SUBSYSTEM DESIGN

This section is presented in RESAR 3, Section 5.5 subject to the following:

1. Information for the four loop plant without Toop stop valves is

applicable.

2. Modifications to RESAR 3, Section 5.5 are as follows:

d.

Subsection 5.5.7, Residual Heat Removal System (RHR)

The Residua} Heat Removal System performs a safety function

during only the LOCA injectfon phase of emergency core cooling and
does not operate during the recirculation phase. Emergency

core cooling flow during post-LOCA recirculation is provided

by the safety injection and hﬁgh head safety injection pumps

as delineated in Section 6.3. The RHR flow diagram is shown

on Eigure 5.5-2.

Table 5.5-15, Pressurizer Valves Design Parameters -

Three pressgrizer power relief valyes are provided.
Subsections 5.5.4, 5.5.5, 515.9, and 5.5.14, are presented

in the following paragraphs.
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5.5.4 MAIN STEAM LINE FLOW RESTRICTOR

A flow restrictor is installed in each main steam line inside the con-

tainment close to the steam generators.

5.5.4.1 Design Basis
The main steam Tine flow restrictor is designed to limit steam flow,
thereby limiting return to power in the core in the event of a steam

line rupture downstream of the flow restrictor. See RESAR, Chapter 15.

Design criteria for the flow restrictors are as follows:

1. Provide plant protection in event of a steam line rupture. In
'such an event, the flow restrictor reduces steam flow rate from
the break, which in turn reduces the cooling rate of the Reactor

| Coolant System.

2. Reduce thrust forces on the main steam piping in event of a steam

line rupture.

3. Provide a poﬁtion of the pressure differential necessary for steam

flow measurement.
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4. Minimize unrecovered pressure loss across the restrictor under

normal plant operation to least possible value.

5. MWithstand the number of pressure and thermal cycles experienced

in the life of the plant.

6. Maintain restrictor integrity in event of double-ended severance

of a main steam line.
5.5.4.2 Description

The flow restrictor (Figure'5.5—]) consists of a 16-inch diameter 304

stainless steel venturi nozzle. The flow restrictors, manufactured in

accordance with ASME Code, Section III, are welded to the main steam line.

5.5.4.3 Safety Evaluation

The flow restrictor reduces the equivalent area of the main steam line

at the restrictor by a factor of 4, which assures adequate flow reduction.

The resultant pressure drop through the restrictor at 100 percent steam

flow is 3 psi.




5.5.4.4 Tests and Inspections
The flow restrictors are not a part of the Main Steam System pressure

boundary. No tests or inspections of the restrictors are anticipated

beyond those performed in the fabricator's shop.

5.5.5 MAIN STEAM LINE ISOLATION SYSTEM

The main steam line isolation system is described in Section 10.3, Main

Steam System and subsection 6.2.4, Containment Isolation Valves.

5.5.9 MAIN STEAM LINE AND FEEDWATER PIPING

The main steam piping is described in Section 10.3, Main Steam System.
The feedwater piping is described in subsection 10.4.6, Condensate and

Feedwater System.

5.5.14 (COMPONENTS SUPPORTS

5.5.14.1 Design Basis

The Reactor Coolant System component supports are designed to meet the

requirements of Safety Class 1.




The supports allow virtually unrestrained, lateral thermal movement of

the 160p during system heat up and cool down, but provide restraint for .
all earthquake and accident Toading conditions. Support typés are linear
or plate and shell with integral or non-integra].attachment. Material
loading combinations and stress Timits are provided in Section 5.2. The
'component supports will employ material selection, fabrication and quality

assurance in accordance with the nature of the equipment being supported.

5.5.14.2 Description

The description of the supports for the major components in the Reactor

Coolant System will be provided Tater.
5.5.14.3 Safety Evaluation

The supports permit expansion and contraction of the supported system and-
structurally withstand thrusts and moments of imposed loads. Shimming
and grouting enable adjustment of the support elements during erection
to achieve the correct fit-up and alignment. Welder qualification and

procedures are in accordance with ASME Section IX.
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5.5.14.4 Testing

A1l steel material is impact tested in accordance with the provisions of
ASTM-A-370. Minimum energy test values are comparable to those specified
in ASME Section III, Appendix I. Non-destructive testing is performed in

accordance with ASME, Section III.
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5.6  INSTRUMENT APPLICATION

This section is presented in RESAR 3, Section 5.6.
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CHAPTER 6

ENGINEERED SAFETY FEATURES

6.1 GENERAL

The prime safety objective in reactor design and operation is the control of

reactor fission products. The methods used to assure this objective are:

1. Core design to preclude release of fission products from the fuel

(Chapter 4). : |

2. Retention in the reactor coolant system of any fission products which

may leak from the fuel (Chapter 5).

3. Retention of fission products by the containment for operational and

accidental releases beyond the reactor coolant boundary (Chapter 6).
4. Analysis of fission product dispersal to assure minimum population ex-
posure for an accidental release beyond the containment (Chapters 2

and 15).

5. Provision of adequate cooling of the core under all circumstances

‘(Chapters 5 and 6).
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The Engineered Safety Features are tﬁe provisions in the plant which embody
methods 3 and 5 above to prevent the occurrence or to minimize the effects of

any serious accident.
The Engineered Safety Features in this plant are:

1. A free standing steel containment with an outer reinforced concrete
Shield Building and an annular space which will be maintained at a
lower-than-atmospheric pressure during plant operation and following a
loss-of-coolant accident. These structures form a double barrier to
the escape of fission products should a loss-of-coolant accident occur.

Refer to subsection 6.2.1 for details of the containment.

2. The ice condenser which prevents high pressure in the containment and
thus reduces the potential for the escape of fission products from the
containment. ,This Tow temperature heat sink, located on the inside of
the steel ﬁontainment, consists of a suitable quantity of borated ice
in a cold storage compartment. Sodium tetraborate solution, generated
during ice.meltdown,adsorbs_Aiodine in the containment atmosphere.

Refer to details in subsection 6.2.2.

3. The Emergency Core Cooling sygfem whicﬁxpravides borated water -to cool
the core in the event of an accidental depressurization of the Reactor
Coolant $ystem.. The combination of the control rods and the boron in
the injected water provide the necessary control of reactivity required.

Refer to details in Section 6.3. .
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The Containment Spray System which, in conjunction with melting ice,
provides long-term cooling of the containment. Refer to details in

subsections 6.2.1 and 6.2.2.

The Annulus Filtration System which collects containment leakage and
filters radio-iodine and particulates prior to discharge. Refer to

details in subsection 6.2.3.

The air return fans which return air to the lower containment compart-
ment after loss-of-coolant blowdown. Refer to details in subsection

6.4.1.

The Containment Isolation System which provides means of isolating the
piping which penetrates: the containment to prevent the release of
radioactivity to. the outside environment. . Refer to details in subsec-

tion 6.2.4.

The Combustible Gas Control System which controls the post-LOCA hydrogen

concentration in the containment. Refer to details in subsection 6.2.5.

Operability of Engineered Safety Features equipment is assured. Some of the
equipment serves a function during normal reactor operation. In those cases
where equfpment is used for emergency.functions only, such as the Containment
Spray System, provision for meaningful periodic testing has been incorporated
into the design. - Quality control procedures are imposed on Engineered Safety

Features components. These procedures. incorporate the use of accepted.codes
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and standards as well as supplementary test and inspection requirements to-

assure that all components will perform their intended function under accident

conditions.

Classification and code criteria applying to Engineered Safety

Features are presented in Section 3.2.

General Design Criteria applying specifically to Engineered Safety Features

discussed in this section are 1isted below. The 64 General Design Criteria

are discussed in Section 3.1.

Criterion No.

4

5
16
35
36
37
38
39
40
41
42
43
50
52
53

Title

Environmental and Missile Design Bases
Sharing of Structures, Systems, and Components

Containment Design

Emergency Core Cooling

Inspection of Emergency Core Coo]ing System

Testing of Emergency Core Cooling System
Containment Heat Removal

Inspection of Containment Heat Removal System
Testing of Containment Heat Removal System
Containment Atmoshpere Cleanup

Inspection of Containment Atmosphere Cleanup Systems

Testing of Containment Atmosphere Cleanup Systems

Containment Design Basis

" Capability for Containment Leakage Rate Testing

Provisions for Containment Inspection and Testing




Criterion No.

54
56
57

Title

Piping System Penetrating Containment

Primary Containment Isolation

Close Systems Isolation Valves
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6.2  CONTAINMENT SYSTEMS

6.2.1  CONTAINMENT FUNCTIONAL DESIGN

" 6.2.1.1 Design Bases

The containment is designed to assure that radiation loses resulting from leak-
age of radioactive material following an accident are as low as practicable and
do not exceed the 1imits set forth in 10 CFR 100. For purposes of integrity,

the containment may be considered as the Containment Vessel and Containment
Isolation System. This structure and system are directly relied upon to maintain

containment integrity.

The containment is specifically designed to meet the .intent of the applicable
General Design Criteria listed in Section 6.1 This subsection (6.2.1), Chap-
ter 3, and other portions of Chapter 6. preéent information showing conformance

of design of the containment and related systems to these criteria.

The functional design of the containment is based upon the following accident

input source term assumptions and conditions:

1. The design basis blowdown energies are added to the containment as

shown in Figures 6.2-1 through 6.2-4.

2. A reactor power of 3579 MWt is used for decay heat generation.
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3. The Engineered Safety Feature performance satisfies the single failure

criteria.

4. The combination of Toadings on the containment due to an accident con-
dition and a simultaneous environmental effect is discussed in subsection

3.8.2.

Refer to paragraph 6.2.1.3.3 for the containment pressure transient analysis

where the above assumptions are discussed and utilized.

Consideration is given to subcompartment differential pressure resulting from
a design basis accident in subsection 3.8.2 and paragraph 6.2.1.3.5. If a de-

sign basis accident were to occur due to a pibe rupture in these relatively

small volumes, the pressure would build up at a faster rate than in the con-
tainment, thus imposing a differential pressure across the wall of these struc-
tures. The design differential pressures for these subcompartments will be

20 percent higher than the ca]culgted peak differential pressures.

Parameters affecting the assumed capability for post-accident pressure reduction

are discussed in paragraph 6.2.1.3.3, Containment Pressure Transient Analysis.
6.2.1.2 System Design

The containment vessel is a freestanding, welded steel structure which consists

of a vertical cylinder, a hemispherical dome, and a base plate. The Shield

Building is a reinforced concrete structure similar in shape to the containment .




vessel. The design of these structures is described in subsection 3.8.2.

The design internal pressure for the containment is 15 psig, and the design
temperature is 250°F. . The net free volume is 1,250,000 ft3. The design basis
accident leakage rate is 0.5 percent/24 hours for the first 24 hours of the

accident and 0.25 percent/24 hours thereafter.

The important parameters for the Floating Nuclear Plant ice condenser design
compared to the Cook Plant design are shown in Table 6.2.1-1. Basically, the
Floating Nuclear Plant ice condenser described in this report is physically
identical to current ice c&ndensers as applied to the Cook, Sequoyah, McGuire,

and Watts Bar Plants with only two exceptions as follows:

1. The main ice bed sections in the Floating Nuclear Plant design are

36 feet high as compared to 48 feet for previous ice condenser designs.

2. The ice load, per unit length of ice bed, in each ice basket for the
Floating Nuclear Plant design has been increased by about 33% as com-

pared to current condenser designs.

These differences result in a shorter ice condenser for the Floating Nuclear
Plant but the amount of ice in the ice condenser remains at least the same as

in current ice condensers.

The parameters used in the design of the ice condenser for the Floating

Nuclear Plant containment are well within the ranges tested in the full-scale
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TABLE 6.2.1-1

COMPARISON OF PARAMETERS FOR FLOATING NUCLEAR PLANT AND
COOK PLANT CONTAINMENT DESIGNS

Floating Nuclear
Design Parameter Cook Plant Design Plant Design

Design Basis Accident

Blowdown mass release, 1b 549,000 513,900

Blowdown energy release, BTU 346.7 X 106 321.3 x 106

Reactor Containment

Diameter, ft 115 . 120
Height, ft 172 162
Upper compartment volume, ft3 745,896 717,000
Ice condenser volume, 3 126,940 82,000
Lower compartment volume, ft3 306,800 349,000
Dead-ended compartment volume, ft3 61,702 ‘ 102,400
Total containment volume, Ft3 1,241,338 1,250,000
Air compression ratio at time of

final peak pressure 1.41 ‘ 1.47
Ice condenser volume fraction of

air at time of final peak pressure, % 64.5 64.5
Deck bypass area, £2 | 5 | 5
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TABLE 6.2.1-1

(Cont'd)

COMPARISON OF PARAMETERS FOR FLOATING NUCLEAR PLANT AND

COOK PLANT CONTAINMENT DESIGNS

Design Parameter

Ice Condenser

Weight of ice, b

Ice packing fraction in baskets,
volume %

Cook Plant Design

2.45 x 10

Height (floor to top of ice bed), ft

Main bed height, ft

Total cross-sectional area, ft2
Ice basket diameter, ft

Number of ice basket columns

Ice basket column total cross-
sectional area, ft2
Channel flow area, ft2

Ice channel surface area (including
Tower plenum ice columns), ft2

Ice channel hydraulic diameter, ft
Ice channel ratio
total surface area/flow area
main bed Tength/hydraulic diam.
Inlet dpor flow area, ft2

Upper vent area, 2

Lower drain area, ftz

55

57
48
2,915
1.02
1,944

1,589

1,326

6

3.16 x 10°

6.2-5

0.850
238
56.5
1,000
20

15

F]oatingANuClear
Plant Design

2.45 x 106

69

45

36
2,915
1.02
1,944

1,589
1,326

2.43 x 109

0.850
183
4?2 .4
1,060
20

15
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section test facility and well within the range of applicability of the
analytical models which were deve]obed,. In Table 6.2.1~1 the parameter dif-
ferences between the F]oating Nué]ear Plant ice condenser and the Cook Plant
ice condenser are clearly defined. The effects of these parameter differences

on containment performance are determined in paragraph 6.2.1.3.3.

6.2.1.3 Design Evaluation

The ice condenser containment incorporating forced circulation of the contain-
ment atmosphere, together with the Containment Spray System, proVides the
functional capability of containment for as long as necessary following a loss
of fluid from the reactor coolant system or the main steam system. The peak

internal design pressure (15.0 psig) of the containment is greater than the

peak compression pressure (9.3 psig) occurring as the result of the complete
blowdown of the reactor coolant through any rupture of the Reactor Coolant Sys-
tem up to and including the hypothetical double-ended severance of the largest
reactor coolant pipe. The design pressure is not exceeded during any subse-

quent Tong-term pressure transient.
6.2.1.3.1 Systems Required to Maintain Leaktightness

Following an accident, the containment air may become radiocactively contami-
nated. The isolation of the containment following an accident is therefore
mandatory. During normal operation, air flowing intermittently from inside

the containment to the outer atmosphere is filtered and monitored by the

normal containment purge system. Following an accident, the normal purge .
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system is removed from service. The Annulus Filtration System maintains

pressure within the annulus below atmospheric.

Containment leaktightness is accomplished by actuation of the Containment
Isolation System. Any leakage from the containment enters the annulus and

passes through the annulus filtration system.
6.2.1.3.2 Evaluation of Systems Required to Maintain Ledktightness

The Containment Isolation System is designed to operate during emergency
situations. (Refer to subsection 6.2.4.) The containment will be Teak- °

tested using the compressed air system described in subsection 9.3.1.
6.2.1.3.3 Containment Pressure Analyses

The ice bed, which is the heat sink of the ice condenser, will be a com-
pletely enclosed annular compartment located around the perimeter of the con-
tainment, penetrating the operating deck so that a portion ektends into the
lower and upper comparthents of the confainment. The lower portion will have
a series of doors exposed to the atmosphere of the lower containment compart-
ment which, for normal plant operation, will be designed to‘remain closed.

At the top of the ice condeﬁser wiT] be another set of doors exposed to the
atmosphere of the upper compartment, which remain closed during normal plant

operation.
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The ice will be held within the ice condenser as ice cylinders arranged to
promote heat transfer from steam to ice in case the condenser is required.

A refrigeration system will maintain the ice in the solid state.

In the event of a Tloss-of-coolant accident, the door panels located below the
operating deck will open almost immediately due to the pressure rise in the
lower compartment caused by the release of reactor coolant and the resulting
steam. This allows the air and steam to flow from the Tower compartment into
the ice condenser. The resulting buildup of pressure in the ice condenser

will open the door panels at the top of the condenser and allow the air to

flow out of the condenser into the upper compartment. The steam will be con-
densed in the ice condenser compartment, thus Timiting the peak pressure in the
containment at the so-called "initial peak pressure." At this stage pressure

differentials exist across the operating deck and the crane wall.

A dividing barrier will separate upper and lower compartments and assure that
the steam is directed into the bottom of the ice condenser. Only a small
amount of steam will be able to bypass the ice condenser through the dividing

barrier.

As the transient progresses the pressure in the lower compartment again in-
creases. At the time the pressure is uniform throughout the containment, the
so-called "final peak pressure" has been attained. A reduction of the total
containment pressure to about 6 psig occurs when the air return fans

initiate a rapid return of air to the Tower compartment. The
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containment pressure remains at a lTow value until all the ice is melted.
At the end of ice melt, the total containment pressure again increases to
a peak value at which stage the containment .spray system is removing

from the containment all residual heat generation.

6.2.1.3.3.1 Pressure Differentials Across Internals - Lower Compartment

and Ice Condenser

The basic performance of the ice condenser containment has been demonstrated
for a wide range of conditions by the ice condenser test program. These
results have clearly shown the capability and reliability of the ice con-
denser concept to 1imit the containment pressure rise subsequent to a

hypothetical loss-of-coolant accident.

To supplement this experimental proof of performance, a mathematical model
has been developed to simulate the ice condenser pressure transients. This
model, encoded as computer program TMD (Transient Mass Distribution), pro-
vides a means for computing pressures, temperatureé, heat transfer rates,
and mass flow rates as a function of time and location throughout the con-
tainment. Thus, it is possible to compute pressure differences on various
structures within the containment as well as the distribution of steam

flow as the air is displaced from the lower compartment. Further, -the

model is experimentally verified by comparison with the ice condenser tests.
The model includes the effect of entrainment of water in the break flow.

An input parameter allows the user to choose entrainment in the range 0-100%.
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Description of Analytical Model

The mathematical model is similar to that of the SATAN code in that the
entire solution is developed by considering on]y the conservation equa-
tions and the equations of state, together with the control volume technique
for simulating spatial variation. The governing equations naturally are
somewhat different for the steam-air mixture considered in the TMD analysis,
as compared with the singTe constituent model used in the SATAN code.

These equations are, however, quite similar to the equations employed in

the COCO computer code. This latter model is used to simulate the pressure
and temperature transients in dry containment structures. The TMD analysis
is therefore a 1ogica1 extension 1n analytical capability achieved by com-

bining the key features of two existing experimentally verified models.

The control vo]dmevtechnique is used to represent spatially the containment.
The containment has been divided into 34 elements or compartments as shown
in Figures 6.2-5, 6.2-6, 6.2-7, and 6.2-8. The interconnection between
contajnment elements in the TMD code is shown schematically in Figure

6.2-9. Flow resistance and inertia are lumped together in the flow paths
connecting the elements shown. The division of the lower compartment into
six volumes Qccurs,at»the points of greatest flow resistance, i.e., the
four steam generators, pressurizer and refueling canal. Each of these
lTower compartment sections delivers flow through doors into a section of
the ice bed. Each section of the ice bed is, jn turn, divided into three

elements. Thus, a total of eighteen elements (e]ements 7 through 24) are
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~used to simulate the ice bed. The six elements at the top of the ice bed
deliver to element number 25, the upper compartment. Note that: cross flow
in the ice bed is not accounted for in the analysis; this yields the most
conservative results for the particular calculations described herein.

The upper reactor cavity (element 29) is connected to the Tower compartment
volumes and provides cross flow fpr pressure equalization of the lower com-

partment.

In each of the elements shown, the detailed calculation of the thermo-
dyanmic state is performed. Also, mass flow ratés are calculated for each

of the flow paths assigned.to an element.

The calculation for an element proceeds in the following manner. At a
given instant in time, all properties are known. The rates at which mass
and energy are crossing the boundary.of an element are evaluated and the
mass and internal energy at the new time are calculated via the mass and
energy conservation equations. Other thermodynamic quantities of interest
(pressure, enthalpy, temperature and density) are found by employing the
equations of state and.appropriate thermodynamic relationships. Finally,
the flows are updated by using the momentum equation. This sequence is
fepeated for all elements. The heat transfer rate'is calculated as a

function of time and position in the bed.

The following assumptions are made in the analysis:
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Discharge mass and energy flow rates through the reactor coolant system
break are established from the coolant blowdown and core thermal transient
analysis as indicated by the SATAN model. This model predicts conserva-

tively high blowdown rates.

At the break point, the discharge flow separates into steam and water

phases. The water phase is at the total containment pressure, whi]e the
steam phase is at the partial pressure of the steam in fhe element. The
effect of water entrainment can be taken into account. In this case the

entrained water is in thermal equilibrium with the steam.

Air is taken as an ideal gas; compressed water and steam tables are
employed for water and steam thermodynamic properties. Thermodynamic

equilibrium is assumed to exist at all times.

Because this analysis is concerned with the early part of the transient,
accumu1a§ion of water in the sump and wall temperature transients are not

calculated.

The. steam and air are thoroughly mixed in each element. Thus, their. tem-
peratures are equal and the steam-to-air ratio in the mixture leaving the

element is equal to that wiihin the e]ement.




Experimental Verification

To verify the correctness of the mathematical formulation, the code has been
applied to certain tests performed in support of the ice condenser concept.

The geometrical model used is similar to a section of the model used to simu-
late the plant geometry in that three volumes are used to represent the ice
bed.  Techniques for determining the ice bed and door flow resistance, as well
as blowdown rate for the test apparatus, were presented in WCAP-7833. These

results have been used as input to the present analysis.

Calculated pressure transients when compared with the measured values for
tests simulating the reference ice condenser design showed the analysis follows
the pressure transient of the experiments quite well but is about one psi

higher. This comparison was presented in WCAP-7833 Supplement 2.

Application to Plant Design

The TMD analytical model has been applied to the plant design, using a 34
element configuration to develop design loads for the variou§ strucfures in
the containment. Analyses hévé been performed to'defermine the Various pres-
sure transients‘resultihg from a reactor coolant pipe break in any one of the
six 10Wer compartmént e1ements.' The maximum peak‘preséure and differential

pressures were determined for breaks in each element. Initial input pressures

for the analyses are:




Ice condenser compartment | Steam partial pressure 0.07 psia

Air partial pressure 14.93 psia
Other comparfments o ‘Steam part1a1 pressure 0.3 psia
Air partial pressure 14.7 psia

It was found that the highest pressure differentials across the Tower por-
tion of the crane wall and across the operating deck occur when 100%'éntra1n¥
ment is assumed. However the maximum differential pressure across the upper
crane wall (and maximum peak pressure within the ice condenser) occurred

when 0% enfrainmént was assumed.
The maximum differential pbessures are summarized on Table 6.2.1-2.

6.2.1.3.3.2 Final Peak Pressure

As the reactor coolant system blowdown continues, the air which was initially _

in thélldwek'compartmeht is'disp]aced into the uppek compaktmenf and a por-

tion of the ice condenser cdmpartment by the escaping coolant.
As a result, the pressure in the upper compartment rises from the beginning

of the b]bwﬁown and reéchés a ﬁéék value at or before the end of the blow-

down.

6.2-14




TABLE 6.2.1-2

} CALCULATED MAXIMUM PEAK DIFFERENTIAL PRESSURES

Break in element 1 2 3 4 5 6

AP (psi) across Tlower crane
wall and operating deck ' 12.21 9.76 9.34 8.20 10.65 12.51

Maximum AP (psi) across upper
crane wall o 9.59 7.51 7.33  6.40 8.06 9.83




The primary factor in producing the final peak‘pressure is the displacement
of air from the Tower compartment into the upper compartment. The ice con-
denser is very efféctive'ih'condéthng ésséntia1iy all the stéam that is
released as a result of the reactor coolant system blowdown, so that the
only sources of steam to the upper compartment are from bypass through the
deck which separates the upper and lower compartments and from a very smé]1
amount of steam leakage through the condenser. This steam bypass adds a

small amount to the pressure rise in the upper compartment.

A method of ana1ysis of the final peak pressure was developed based on
results of full-scale section tests as described in WCAP-7183 Supplement 2.
This method consists of the analysis of the air mass compression process
based on the containment compartment volumes, the polytropic exponent for
the compression process, the steam bypass through the operating deck, and
the steam leakage through the ice condenser. A1l of these parameters have

been obtained based on full-scale section test results.

The final peak pressure for the Floating Nuclear Plant design was calcu-

lated to be 9.3 psig (for an initial containment pressure of 15.0 psia)

which includes a pressure increase of 0.4 psi from deck steam bypass, a pres-
sure increase of 0.5 psig from condenser steam leakage and also the effects of

the dead-ended compartment volumes.
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In the following sections a discussion of the major parameters affecting
the final peak pressure is presented. Specifically, these parameters are:
air compression, steam bypass through the deck, steam leakage through the

condenser, blowdown rate and blowdown energy.

Air Compression

As discussed above, during the blowdown resulting from a loss-of-coolant
accident, air is displaced from the lower compartment volume and compressed

into the ice condenser and into the upper compartment volumes.

A parameter used in describing the air compression effect is the ratio of
initial (total) to final (compressed) volumes of air considered in the
process. For the purpose of this "compression ratio" definition, initial
and final volumes are defined as follows:
1. Initial vo]umelis the total air volume in the containment that
actively participates in the compression process during a loss-of-

coolant accident.

2. Final volume is the volume that receives the air displaced by steam

in such an accident.
The final volume includes the volume of the upper compartment as well as

part of the volume of air in the ice condenser. The results of a repre-

sentative full-scale section test (Figure 6.2-10) show a variation in
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steam partial pressure from 100% near the bottom of the ice condenser to
essentia]]y zero near,the top. The thermocoupjes and pressure detectors
confirm that at the time when the final peak préssure is reached steam
occupies less than half of the volume of the ice condenser. The analytical
model used in defining the containment peak pressure uses upper compartment
volume plus 64.5% of the ice condenser air volume as the final volume.

This 64.5% value was confirmed by applicable test results as discuséed in

WCAP-7183 Supplement 2.

There are several dead-ended volumes contained in the lower compartment
that are not part of the active volume. In an accident, steam will not

force air from these volumes into the upper compartment. Typical dead-

ended volumes are the instrument room and accumulator rooms. Further, .
the results of certain full-scale section tests, which contained dead-

ended volumes, showed that some air flowed into these volumes and remained

there during blowdown, thus reducing the mass compressian ratio for the

containment. It was found from tests, as reported in WCAP-7183 Supplement 2

that 18% additional air mass was compressed in the dead-ended volume. This

change in air mass when corrected for the lower final peak pressure in the

design as compared with the test, indicates that 17% additional air mass

will be compressed into the dead-ended volumes of the containment.

The compression ratio for the Floating Nuclear Plant is found from the

following:




Vg 4V, + V3 -0.17 Vg

tr = V; + 0.645 V,

where
Vi = Lower compartment active volume
Vo = Ice condenser compartment volume
V3 = Upper compartment volume
Vg = Dead-ended compartment volume

A compression ratio of 1.47 is calculated based on the Floating Nuclear

Plant compartment volumes shown in Table 6.2.1-3.

Steam Bypass through the Deck

A second factor in determining the final peak pressure is the amount of
steam entering the upper compartment. The addition of steam heats the
air in the upper compartment resulting in an increase in air partial

pressure, as well as an increase in the steam partial pressure.

The mass of steam which Teaks through the operating deck into the upper
compartment is a functioh of the relative flow areas and loss coefficients
of the deck and inlet doors to the ice condenser, the mass of steam input
to the lower compartment at the time of peak pressure, and the mass of

steam stored in the Tower compartment at the time of peak pressure.
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The effect of deck leakage on upper compartment pressure was verified by

a series of full-scale section tests. The cbefficjent, which determines,
the increase in the fina] peak pressure from deck leakage, was found to be
0.081 psi increase in containment pressure per ft2 of deck leakage area
for the plant design. These tests and analysis have been reported in |

WCAP-7183 Supplement 2.

The divider barrier, including the enclosures over the steam

generators and reactor vessel, is designed to provide a reasonably tight
seal against leakage. Holes are purposely provided in the bottom of the
refueling canal to allow water from sprays in the upper compartment to
drain to the sump in the lower compartment. Potential leakage paths also
exist at all the joints between the operating deck and the pump access
hatches and reactor vessel enclosure slabs. The total of all deck 1eak-‘
age flow areas for the containment is assumed conservatively to be 5
square féét as indicated in Table 6.2.1~3. The effect of this potentia1

leakage path on final peak pressure is small and is found to be:

APy = 5x0.081 = 0.4 psi

In the eveht that the reactor coolant system break flow is so small that
it would leak through these flow paths without developing sufficieht dif-

ferential pressure (about 1 1b/ft2) to open the fce condenser doors, the
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TABLE 6.2.1-3

SUMMARY OF PARAMETERS FOR CALCULATION -OF FINAL PEAK PRESSURE

Upper Compartment Volume, 3 717,000
Lower Compartment Volume, ft3 349,000
Ice Condenser Free Volume, ft3 82,000
Dead-Ended Volume, ft3 102,000
Percentage of ice condenser free volume occupied

by air at time of peak pressure 64.5%
Compression Ratio 1.47
Compression Pressure, psig 8.4
Deck Leakage Area, ft2 5
Pressure Increase due to Deck Leakage, psi .4
Pressure Increase due to Ice Condenser Leakage, psi .5
Final Peak Pressure, psig 9.3
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steam from the break would slowly pressurize the containment. The contain-

ment spray system, described in a Tlater section, has sufficient capacity

to maintain pressure well below design for this case and for all breaks

which result in partial opening of the ice condenser doors.

Steam Leakage through the Condenser

1.

Steam Leakage in Applicable Full-Scale Section Tests

The mass of steam which leaks through the ice condenser into the upper
compartment is very small and is a function of the condenser channel
surface area and flow area, the mass of steam input to the lower com-
partment at the time of peak pressure and the mass of steam stored in
the Tower compartment at the time of peak pressure. The condenser steam
leakage into the upper compartment and the resulting increase in final
peak pressure was determined on the basis of the results of 6 full-
scale section tests which fully covered wide variations in all important
parameters of interest especially with respect to the differences be-
tWeen the Cook Plant and Floating Nuclear Plant ice condensers. The
parameters tested included channel surface area, channel flow area,

ice condenser length, and ice bed packing fraction. In Table 6.2.1-4
the parameter values in‘these 6 tests are compared with the containment
equivalent parameters based on a scale factor of 350. A1l of these 6
tests were conducted at approximately 170% of the containment design
blowdown energy and at approximately 110% of the containment design

blowdown rate.

6.2-22




€2°¢°9

COMPARISON OF TEST AND CONTAINMENT EQUIVALENT PARAMETERS

TABLE 6.2.1-4

Test Value
Equivalent to

Test Number

Parameter Containment Containment 42 43 44 56 70 71
Channel surface area (th) 2.43 x 10° 694 890 890 772 638 655 655
Channe] f]ow area (ft2) 1326 3.79 3.79 |3.79 |5.58 |3.79 |5.39 |3.79
Average condenser channel :
length (ft) 39 39 35.4 |35.4 |35.4 |25.4 |35.9 |35.9
Number of ice baskets 1944 5.6 8 -8 8 8 é 6
Ice bed packingvfraction (%) 69 69 57 69 | 100 | 57 57 57




The condenser channel surface area in these tests ranged from 92% to
128% of the Floating Nuc]eéf Plant COntainmeﬁt equivalent surface area
and tﬁe chaﬁne] flow area Yaried from 100% to 147% of the equivalent
flow area for this_p]ant. As indicated in Table 6.2.T-4, tests were
performed with condenser channel 1engths(yarying frdm appfoximate]y

25 feet to 36 feet (channel length for Floating Nuclear Plant is 3§ feet)
and with 6 to 8 ice baskets (Floating Nuclear Plant equivalent va]ué is
5.6). Also, the ice bed packing fraction (within the ice baskets)

ranged from 57% to 100% in these tests which compares with the Floating

Nuclear Plant ice bed packing fraction of 69%.

Therefore, it is apparent that these 6 tests covered wide variations
in the important parameters which determine the amount of steam leakage
through the ice condenser for the Floating Nuclear Plant during the

reactor coolant system blowdown.

The resu]t§ of these 6 full-scale section tests (presented in Figure
6.2-11), which cover a wide range of design parametérs with ice beds of
different lengths, different ice channel surface aréas; different channel
flow areas, and different ice bed packing fractions, demonstrate the
f0110w1ng:>
a.:The‘jmportahf parameters in determining the amount of steam
leakage through the ice condenser, for blowdown times and mass
flow rates representative of the Floating Nué]ear Plant design,

“are the ice channel surface area (AS);and the ice bed flow area

(Af).
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b. A change in the total channel surface area resulting from a
change in the number of ice basket columns has the same effect
on steam leakage as a similar change in total surface area

A resulting from a change in the condenser channel Tlength, i.e.,

the total channel surface area is the important parameter.

C. A solid ice bed provides the same condenser heat transfer per-

formance as a cube ice bed of Tower packing fraction.

2. Steam Leakage in the Containment

The steam leakage through the ice condenser is calculated based on the
results of the tests given in Figure 6.2-11. For the Floating Nuclear
Plant ice condenser, the ratio of condenser channel f]bw_area to sur-
face area is 5.4 x 10~3 and for the Cook Plant the ratio is 4.5 x 1073.
From Figure 6.2-11, the increase in final peak pressure for the Floating
Nuclear Plant compared with the Cook Plant (which was essentially 0)

as a result of condenser steam leakage (AP, ) is,

1.C.

z}Pi.C. = 0.5 psi
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Calculation of Containment Final Peak Pressure

The final peak pressure in the upper compartmént fof the Floating Nuclear

Plant containment design is given by:

P = PO+ BPyee + OP
where:
P, = Initial containment pressure (15.0 psia)
Cr = Volume comﬁréséion ratio (1;47)
n = Polytropic exponent as determined by test results (1.13)
APyock = Pressure increase caused by deck bypass (0.4 psi)
AP = Pressure increase caused by ice condenser leakage (0.5 psi)

1.C.

A final peak pressure of 9.3 psig is calculated for the Floating Nuclear

Plant containment.

Sensitivity to Blowdown Energy

The sensitivity of the upper‘cqﬁparfment final peak.pressurevté the amount
of coo]ant’energy release is shown in Figure 6.2-12. This figure shows
the magnitude of the final peak pressure versus thé amount of energy
released in terms of percentage of equivalent reactor coolant system
energy release. These data are based on results of tests which were run

at 110% and 200% of the initial blowdown rate equivalent to the maximum .

containment blowdown rate.
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These test results indicate the very large capacity of the ice condenser

for additional amounts of energy with only a small effect on final peak
pressure. For example, for tests with a 100% energy release a peak pressure
of about 6.8 psig was measured while an increase up to 220% energy release
resulted in an increase in peak pressure of only about 2 psi. It is also
important to note that maldistribution of steam into different sections of
the ice condenser would not cause even the small increase in peak pressure
that is shown in Figure 6.2-12. For every section of the ice condenser
which may receive more energy than that of the average section other sections
of the ice condenser would receive less energy than the average section.
Thus, the peak pressure in the upper compartment would be indicated by the
test performance based on 100% energy release rather than either the maxi-

mum energy release section or the minimum energy release section.

Figure 6.2-13 gives some insight as to the very large capacity for energy
absorption of the ice condenser. Figure 6.2-13 is a plot of the amount of
ice melted versus the amount of energy released based on test results at
different energies and blowdown rates. These test results indicate that

a 200% energy release melts only about 74% of the ice while 100% energy
release melts about 37% of the ice. Thus, even for energy releases con-
siderably in excess of 200% there would still be a substantial amount of

ice remaining in the condenser.
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Sensitivity to Blowdown Rate

Figure 6.2-14 shows the effects of blowdown rate on the final peak pressure
in the upper compartment. Figure 6.2-14 is based on test results with a
series of tests all with a condehser configuration closely representative
of the Floating Nuclear Plant but with the important difference that all

of these tests were run with 175% of the test equivalent reactor coolant
system energy release. These tests results indicate that an increase in
blowdown rate from 100% to 200% produces a small increase in the mag-

nitude of this peak pressure (about 1 psi).

Sensitivity to Packing Fraction

The sensitivity of the upper compartment final peak pressure to the ice bed
packing fraction was determined based on the results of two full-scale
section tests. These two tests were run with 175% of the test equivalent
reactor-coolantbenergy release and 110% of the test equivalent energy
release rate. The results of these tests demonstrdated the insensitivity

of final peak pressure to ice bed packing fraction. Specificially, the
test with a packing fraction of 57% had a final peak pressure of 7.9 psig
while the test with a packing fraction of 69% recorded a final peak pres-
sure of 7.4 psig. Therefore, based on these'fu]1;sca1e section test
results, it is concluded that ice bed packing'fraction has eSsentia]Ty no

effect on the containment final peak pressure.
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Measurement of Final Peak Pressure in Full-Scale Section Tests

The final peak pressure can also be determined directly from the results
of a closely-applicable but still very conservative full-scale 1/350
section test. Table 6.2.1-5 presents a summary of the important parameters

for the containment and for Test 71.

As indicated in Table 6.2.1-5, the total coolant energy released in Test 71
was approximately 170% of the equivalent reactor coolant energy release to
the containment. Further, the ice weight was substantially Tess than that
equivalent to the containment design. Thus, Test 71 is a very conservative

representation of the containment.

Even so, the final peak pressure measured in Test 71 was only 8.8 psig
compared to the final peak pressure of 9.3 psig calculated for the contain-
ment. Further, the differences in final peak pressureé between Test 71 and
the containment are directly attributable to the differences between the
test and the containment as summarized in Table 6.2.1-6. Therefore, the
reéu]ts of this test.are considered to provide an excellent check on the

results of the final peak pressure calculations presented in this report.

Small Break and Double-Accident Performance .

Analyses and tests of the ice condenser containment performance have demon-

strated that the ice condenser alone is capable of limiting containment




TABLE 6.2.1-5

COMPARISON OF CONTAINMENT DESIGN WITH FULL-SCALE SECTION TEST 71

0€-2°9

Containment | Test Value Equivalent
Parameter Design to Containment Test 71

Energy released to containment (BTU) 321.3 x 106 .92 x 109 1.69 x 100
Energy blowdown rate (BTU/sec) 56.2 x 106 1.61 x 10° 1.77 x 105
Ice weight (1b) 2.45 x 10° 7000 5446
Ice bed packiﬁg fraction (vo]hme %) 69 69 55
Ice condenser

- flow area (ft2) 1326 3.79 3.79

- channel surface area (ft2) 243,000 694 655

~ jce basket diameter (ft) 1.02 1.02 1.02
Compression ratio 1.45 1.45 1.40
Deck bypass area (ft°) 5 015 .015




TABLE 6.2.1-6

CONTAINMENT FINAL PEAK PRESSURE

BASED ON TEST 71 TEST RESULTS

Measured Final Peak Pressure in Test 71
Correction fTor Reduced Containment Energy Re]ease]
2

Correction for Reduced Containment Blowdown Rate

Correction for Increased Initial Containment

Pressure and Increased Compression Ratiod

Corrected Test 71 FinaT Peak Pressure

Predicted Containment Final Peak Pressure

Unaccounted for Difference between Predicted Containment

and Corrected Test 71 Final Peak Pressures

Pressure (psig)

8.8

-1.3

-0.1

1.6

9.0

9.3

0.3

Therefore, the corrected Test 71 final peak pressure and predicted con-

tainment peak pressure are in close agreement thereby verifying the results

of final peak pressure analysis given in this report.

1 Adjusted based on test results given in Figure 6.2.1-12.

2 Adjusted based on test results given in Figure-6.2.1—14.

3 Adjusted based on calculational method for air compression.
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pressure for a wide spectrum of reactor coolant system or secondary system
blowdowns. However, extremely small blowdown rates would not generate a
differential pressure to fully opén the ice condenser doors. For these
small pibe breaks, a larger than normal fraction of the break flow will
pass through the deck and into the upper compartment. Also, for breaks
less than approximately 5,000 to 10,000 gpm, oh]y a fractfdn of the air
may be displaced from the lower compartment by the incoming steam. There-
fore, for small breaks, the steam bypass through the deck and the perform-
ance of the containment spray system become important “in determining the

containment peak pressure.

Another case has been examined where it is postulated that a small break
1oss-of—c06]ant accident precedes a lafger bfeak accidént which occufs
before all of the coolant énergy is released by the small break, (i.e., a
double-accident). During the small break b]owdoWn, some quantity of steam
and air will bypass the ice condenser and enter the..upper compartment via
leakage in the divider deck. The steam which reaches the upper compartment
will then add to the peak pressure for the second part of the a;cident.
Therefofe, the containment spray system is used to limit the partial pres-

sure of steam in the upper compartment due to deck bypass.
As discussed previously, for large pihe breaks the major contributor to .

the containment final peak pressure is the displacement of air from the

lower compartment. For this double accident case, any air displaced by

6.2-32




the small break will reduce the air displaced by the subsequent larger
break, with the result that the air displacement contribution to final
peak pressure will be no higher than for the single blowdown accident

case.

These small break and double accident analyses were performed previously

by Westinghouse for the Cook Plant based.on containment volumes which differ
somewhat from the volumes which are representative of the Floating Nuclear
Plant containment. However, the effects of these parameter differences on

the analyses of containment pressures and performance are insignificant.

Small Break Performance

During a small pipe break accident, steam and air will flow through the
partially-opened doors into the ice condenser and also through the deck
bypass area into the upper compartment. For the containment, this bypass
area is cdmposed of two parts: an assumed leakage area around the various
hatches in the deck, and a known leakage area through the deck drainage
holes located at the bottom of the refueling cavity. Air and steam are
assumed to leak through the 5 ft2 deck leakage area while it is assumed

that no air flows through the ice condenser to the upper compartment.
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This calculational model is applicable to breaks less than 5,000 to 10,000

gpm where little air is displaced from the. lower compartment.

Differential pressure developed across the ice condenser doors and the
divider deck and the flow split between the ice condenser and the 5 ft2
divider deck leakage area were determined. From this analysis, the flow
rate of air and steam into the upper compartment were then found. The
mass and energy equations were then applied to the upper compartment in
order to determine the containment pressure. Note that since the pressure
differences between the various compartments are small (less than 1 psf)
over the range of break flows of interest in this calculation, the rates
of pressure change during this part of the accident were essentially the

same in all compartments.

The results of the small break analysis indicated that the increase in steam
partial pressure in the upper compartment was 1.35 psi when the containment
spray set pressure of 3 psig was reached. Note that this analysis assumed
that-air and steam flowed through the 5 ft2 of deck bypass area with no

air flow through the ice condenser. If, on the other hand, the mixture

were assumed to flow through both the divider barrier and ice condenser,
less steam would enter the upper compartment when the containment spray
actuation pressure (3 psig) was reached. Thus, for this case the steam

partial pressure in the upper compartment would be less.
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Double-Accident Performance

Following is a description of the performance of the ice condenser for the
case of a double-accident, i.e., an initial small break followed by the
maximum size double-ended pipe break. The important design requirement

for the case of a double-accident is that the amount of steam Teakage

into the upper compartment must be Timited during the first part (small
break) of the accident so that only a small increase in final peak pressure
results for the second part (double-ended break) of the postulated accident.
The key elements which determine the double-accident performance are the
ice condenser lower doors which open at a low differential pressure (less
than one psf to admit steam to the ice condenser and limit the by-

pass flow of steam through the deck, and the upper compartment sprays

which condense this bypéss flow of steam and 1imit the partial pressure

of steam in the upper compartment to a Tow value, less than 2 psia. As
stated previously the major contributor to the containment final peak
pressure for large breaks is the displacement of air out of the Tower
compartment. For this accident case, any air displaced by the small break
would reduce the air displaced by the subsequent larger break, with the

result that the air displacement contribution to the final peak pressure

would be no higher than for the single Targe blowdown accident case.
The increase in pressure caused by the steam in the upper compartment was

evaluated for the Cook Plant by applying the conservation of mass and energy

equatiohs to the upper compartment. It was found that the 1.35 psi partial
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pressure of steam in the upper compartment at the end of the small break
adds only 2.1 psi to the normal final peak pressure of 9.3 psig for the
subsequent larger break:. The resulting containment final peak pressure
of 11.4 psig for the double-accident is still well below the containment

design pressure of 15 psig.

6.2.1.3.3.3 Long-Term Containment Performance

Upon completion of blowdown and the initial depressurization of the con-
tainment, a large amount (about 60 percent) of the ice remains. This ice
together with the containment spray system provides a considerable capacity

to accept Targe post blowdown energy releases.

The primary purpose of the containment spray system is to spray cool water
into the containment atmosphere in the event of a Toss-of-coolant accident
and thereby assure that containment pressure will not exceed the contain-
ment peak design pressure. This protection is afforded for
all pipe break sizes up to and including the hypothetical instantaneous
circumferential rupture of a reactor coolant 100p.- Description of the
containment spray system is in Subsection 6.2.2. " The containment spray
system is designed based on the conservative assumption that core residual
heat is continuously released to the containment as steam, eventually
melting all ice. The heat removal capability of the spray system is such
as to keep the containment pressure below design after all the ice has

melted and residual heat generated steam continues to enter the containment. .
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In addition to the reactor coolant system blowdown and decay heat genera-
tion, the ice condenser and spray system also accommodate the release of
stored metal heat and heat removed from the steam generators by the
action of the ECCS. The total heat addition to‘the containment from

all of the above sources is shown in Figures 6.2-1 through 6.2-4.

Containment Long Term Transient Model

A long term jce containment computer code (LOTIC) has been developed to
ana]yzé the containment transient after completion of the initial blowdown.
This code provides the same capability to analyze the ice condenser con-
tainment as does the COCO code for the dry containments. The major feature
of this code is its capability to describe the several volumes

of the ice condenser containment. Not only are the upper, lower, dead
ended and ice condenser volumes described, but also the ice condenser is
divided into six circumferential sections, each with two vertical divisions.
Another significant feature of the new code is the two-sump configuration
(active and stagnant sumps) so that the flood level and temperature history
of the containment is accurately modeféd. The code also describes the per-
formance of the air return fan which blows upper compartment air to the
lower compartment. The performance of the spray heat exchangers is accurately
modeled in the transients. The basic equations used are the standard
transient mass and energy balances and equations of state, appropriately
coupled to the multi-volume ice condenser containment. Based on

the ice condenser test program the contents of the lower compartment
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are considered mixed for the long term residual heat boil-off phase.
The code also considers accumulator gas added to the containment
and the displacement of free volume by the refueling water storage

tank volume.

The LOTIC code uses the control volume technique to represent the physical
geometry of the system. Fundamental mass and energy equations are applied
to the appropriate control volumes and solved by suitable numerical proce-
dures. The initial conditions of the containment before blowdown are

specified by compartment. ~The peak pressure at the end of blowdown is

also given as input.

No.attempt is made to solve the complex pressure and flow transients in the:
~ containment during the reactor coolant system blowdown transient. This is
done by the TMD code and the compression ratio calculation discussed pre-b
viously. Ice.melt is calculated for the blowdown period based on the mass
and energy released to the containment. The bTowdown steam, water and ice
melt result in a sump temperature of 175°F at the end of the initial blow-
down. Test results showed the 175°F sump temperature to be representative
of the sump temperature for this b]bwdown. For the long term period of
decay heat steam boil off and post blowdown energy release an ice melt
temperature of 75°F was used. :This ice melt temperature is based on test

results with very small bTowdown rates representative for this period.




The basic LOTIC code assumption is that the total pressure in all con-
tainment compartments is uniform at the end of blowdown. This aséumption
is justified by the fact that after the blowdown of the RCS the remaining
mass and energy released from this system into the containment is small

and very s]owly changing. The resulting flow rates between‘compartments'
will also be relatively small. These small flow rates do not create signi-

ficant pressure differentials between the containment compartments.

Ice condenser tests have been performed to demonstrate the long term
performance capability of thé ice condenser. Specificai]y, these tests
verified the capability of the ice condenser to reduce the containment
pressure within a few minutes following the b1owdown and, in addition,
tests showed excellent condenser performance even with only a small amount
of ice remaining in the ice condenser for tests simulating the long term
addition of residual heat. Tests«numbered 80 through 87 performed with
simulated core heat (as réported in WCAP-7833, Supplement 2) verified

the uniform containment compartment pressures that exist during the decay

heat addition phase of the accident.

Application to Plant Design

The following are the major input assumptions used for the design basis

transients for the containment.
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Degraded performance of the Safety Injection System is assumed,

e.qg., residual heat is continuously boiled off as saturated steam.

Minimum engineered safety features are employed in all calculations.

2.45 x 106 1bs ice fnitia]]y‘in the ice condenser.

The maximum blowdown energy and mass releases of 321.3 x 106 BTU

and 5}3,900 1b.

The maximum calculated core power of 3579 MWt was used for decay

heat generation.

Nitrogen from the accumulators in the amount of 5942 1bs included

in the calcuiations.

Essential raw water temperature of 85°F was used on the shell side

of the spray heat exchanger.

Air return fan is actuated 30 seconds after the transient begins.
No maldistribution of steam flow to the ice bed was assumed follow-
ing the initial ice melt. This assumption is conservative, since

any early melt out of ice bed sections would allow the sprays to

work on the leakage and thus delay complete ice melt out time.
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10. No ice condenser bypass was assumed. (This assumption depleted

the ice in the shortest time and was thus conservative.)

-~ 11. The initial conditions in the containment were pressure 0.3 pSig
and temperature 100°F in the lower and dead-ended volumes, 15°F

ice condenser free volume, and 80°F upper volume.

12. A minimum spray of 7200 gpm was assumed at the initiation of re-
circulation. The spray pumps take suction from the containment
sump when the refueling water storage tanks are emptied (total

volume of refueling water is 350,000 gallons).

Figure 6.2.1-15 is a plot of containment total pressure versus time for

the design basis accident. The peak pressure of 9.3 psig at the end of

the RCS blowdown was input to the code and is based on the compression
ratio of containment volumes. The start of an air return fan at 30 seconds
assures a rapid reduction in containment pressure. The pressure remains
Tow until continued steam flow due to residual heat melts the ice remaining
after blowdown. Subsequent to ice melt the spray system must maintain

the pressure below design.

Figure 6.2-1-16 shows the containment upper and Tower compartment temperature

transients for the design basis accident of the previous figure. The sharp

increase in upper and lower compartment temperature occurs at the time of ice

bed melt out. ' The vapor pressure of the upper and lower compartments can

6.2-41




be found from the steam saturation pressure at the temperatures shown on

the plot.

Figure 6.2.1-17 shows variations of spray temperature and containment sump

temperature for the Design Basis Accident.
6.2.1.3.4 Accident Chronology and Energy Balance
For the containment pressure transient analysis of Section 6.2.1.3.3 an

accident chronology is presented in Table 6.2.1-7. Table 6.2.1-8 shows

the distribution of stored energy before and after accident initiation.

6.2.1.3.5 Subcompartment Differential Pressure Design Basis

Design Basis

Careful consideration.is given in the design of the containment internal sub-
compartments to Tocal pre§§yre_pulses that could occur following a loss-
of-coolant accident. If a loss-of-coolant accident were to occur due to

a pipe rupture in; 6r close to, these.relatively small volumes, the pressure
would build up at a rate faster than the overall containment, thus impoesing

a differential pressure across the walls of the structures.

. The following 1is an estimate of the design pressure for each of the

containment subcompartments based on analyses of previous ice condenser. .

containment designs:
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TABLE 6.2.1-7

LOSS-0F-COOLANT ACCIDENT CHRONOLOGY FOR
ICE CONDENSER CONTAINMENT EVALUATION

Assumptions used for the LOTIC code for evaluation of the long-term tem-

peratures and pressures inside containment following a LOCA:

Event Time, seconds

End of Blowdown d
ECCS Initiation 30
Spray Initiation 30
Air Return Fan Initiation 30
Recirculation Begins 1628
Peak Pressure 12.5
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TABLE 6.2.1-8

ENERGY BALANCE
(A11 quantities in millions of BTU)

I. Sources
Reactor Coolant
Accumulator (3 of 4)
Accumulator (spilling)
Initial Core Stored
Thin metal (Internals)
Thick metal (Reactor Vessel)
Core Power Generation to End of Blowdown
Total Sources

II. Blowdown
A. Available

Reactor Coolant

Transferred into coolant:
Accumulator (3 of 4)
Core Stored Heat
Thin Metal Stored Energy

Total Available

B. Transferred out:
B1owdown
To Steam Generator

C. Remaining in RCS at end of Blowdown

Remaining in Accumulators

Spilling Accumulator

Remaiﬁing Core Stored Energy

Remaining Thin Metal Stored

Remaining Thick Metal Stored Energy
Total Remaining
Total Accounted For
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13.

41
14
17.

305

31

322.

879

.626
.405
.863

329

.313

.23

.432
.106
.918

283

.963

. 366
447
.626
612
.945
.329

406.645

349.686

321.320

85.325
406 .645




1. Reactor vessel annulus: 100 psig

2. Pipe sleeve: 900 psig
3. Compartment above reactor: 47 psig
4., Compartment below reactor: 32 psig
5. Steam generator enclosure: 17 psig

These pressures are based upon preliminary compartment vent areas and
volumes. Final design pressures will be determined after-establishing

firm volumes and vent areas for the Floating Nuclear Plant.

Consistent with the design basis of the overall containment, the above
pressures are 20 percent higher than the pressure peaks resulting from

the design basis blowdown in each compartment. -

6.2.1.4 Containment Testing and Inspection

The containment shell and base plate will be structurally tested prior
to initial reactor operation in accordance with ASME Code, Section III,

Subsection NE. In addition, the containment will be leak tested prior

to fuel Toading.
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Design provisions are incorporated.to assure the capability to perform

leakage tests during the plant Tlife.
6.2.1.4.1 Types of Tests
The types of teéts are as follows:

Test Type A Tests intended to measure the reactor containment overall

integrated leakage rate.

Test Type B Tests intended to detect or measure local leaks of con-

tainment penetrations, hatches, and personnel locks.

Test Type C Tests intended to detect or measure containment isotation

valve leakage.
6.2.1.5 Instrumentation Application

Instrumentation is provided in the containment to remotely monitor the
following variables:

Pressure
Sump Level

Radiation level

Humidity
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The only containment instrument employed to actuate safety systems is
the containment pressure monitor. Dependency of the Engineered Safety
Features Actuation System upon this signal is descrfbed in RESAR Section
7.3. As shown in RESAR Section 7.5, Saféty Related Display information,

the containment pressure instrumentation consists of four channels.

6.2.2 CONTAINMENT HEAT REMOVAL SYSTEMS

The functional performance objective of the containment spray system and
the ice condenser as safety systems is to reduce the containment pressure
and temperature following a loss-of-coolant accident by removing thermal
enérgy from the containment atmosphere. This function is performed in
conjﬁnctfon with the eﬁergency core ccéling system; This‘éoo15ng function
of the containmeﬁt;sﬁfay system also helps tO']imjt offsite radiafion
levels By réducfng thelb}éssure differeﬁfia] bétween‘the contaihment and
the subatmospheric enc]osufe bui]dihg; thereby reducing the driving force

for leakage of fiSéibh products from the containment atmosphere.
6.2.2.1 Design Bases of Ice Condenser System

The following is a summary of the ice condenser design considerations. The

design considerations are presented in two categories: performance criteria
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and structural and mechanical considerations. Also presented are specific

criteria for individual components of the ice condenser.

1. The energy absorpt1on capac1ty of the ice condenser w111 ‘be at 1east
tw1ce that requ1red to absorb all energy that can be re]eased during
1n1t1a1 blowdown of the Reactor Coolant System for any reactor coolant
pipe break size up to and 1nc]ud1ng the double ended rupture of the
largest pipe in the Reactor Coolant System, or for any steam system
pipe break size up to and inc]udihg the double ended rupture of the
main steam line inside the containment, without exceeding the con-

tainment design pressure.

2. Fo]]ow1ng the 1n1t1a1 stages of accidents descr1bed in (1), the ice

condenser together W1th the Containment Spray System will have suffi-
>c1ent heat absorpt1on capacwty to absorb the subsequent heat loads
without exceed1ng the conta1nment des1gn pressereA The assumed subse~
quent heat loads 1nc1ude Reactor Coo]ant System stored heat, residual
heat and heat removed from the steam generators hy the act1on of the

ECCS.

3. Sufficient heat transfer area will be provided in the ice condenser
SO that the magn1tude of the pressure resu1t1ng from acc1dents

descr1bed in (1) does not exceed the conta1nment des1gn pressure
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The lower (Reactor Coolant System) compartment will be bounded by
the divider barrier SO that essentially all of the energy released
in this compartment is directed through doors at the bottom of the

ice condenser.

The resistance to flow into the ice condenser will be such that the
maximum energy input into any section of the ice condenser does not

exceed its design capability.

Any energy release of insufficient magnitude to cause venting of
energy into the ice condenser will be readily absorbed by the
Containment Spray System without exceeding the containment design

pressure.

The inlet doors of the ice condenser will be designed to open and
distribute steam to the ice condenser in accordance with design

basis (5) above for any postulated loss-of-coolant accident.

Both the inlet and outlet doors of the ice condenser will be de-
signed to fail at a low differential pressure (above the design
opening pressure) if for any reason the doors are prevented from

opening normally.
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10.

Ice with a suitable concentration of boron will be used in the

jce condenser .so that in case of an accident, the water resulting

from the melted ice can be used for cooling the coré.

The addition of sodium tetraborate to the ice will provide for

adsorption and retention of iodine released from the core.

Structural and Mechanical Design

11.

The ice condenser internal structures will be capable of withstanding

loading combinations with the following stress limits:

Loading Combinations

Normal plus Operating Basis

Earthquake (O0BE) Loads

Normal plus Design Basis

Earthquake (DBE)

Normal plus Accident Loads

Stress Limits

Within AISC-69 Part 1 specifi-

cation allowables.

Within yield after load re-
distributions (Normal AISC-69

spéciffcation aT]owab1es.)

Within yield after load re-
distributions (Normal ALSC-69

specification allowables.)




12.

13.

14,

15.

Loading Combinations Stress Limits

Normal plus DBE plus Limit Curves; WCAP-5890, Rev. 1,
Accident Loads plus normal AISC-69 specification
allowables.

In addition to the stated stress Timits, structural stability and
deformation requirements are determined to assure no loss of func-

tion under accident and DBE loads.
The structure, equipment mountings, supports and joints will be
designed to accommodate the maximum.temperature range and gradients

which will occur.

Structural Toads will not be transmitted between the ice support

structure and the containment.

The internals of the ice condenser will be designed to permit
some disassembly and reconstruction to facilitate maintenance, if

necessary during the 1ifetime of the plant.

The ice condenser internals will be designed for a lifetime con-

sistent with that of the plant.
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16.

17.

18.

19.

. The materials of construction will be selected to be passive under

all conditions of operation of the ice condenser. In particular,
corrosion will be prevented by inhibitors and protective coatings
where necessary and non-metallic materials which are stable and

non-volatile.

Materials in the ice condenser will be selected to be compat-

ible with the general environmental conditions inside the contain-
ment during normal operation or during accident conditions. In
particular, the choice of matefia]s for the ice condenser insula-

tion panels will be compatible with the containment.

Sufficient mechanical component redundancy will be incorporated
in the ice condenser design to provide a high degree of plant

availability.

Components forming the boundary of the ice condenser'wi]] be
sealed to limit the passage of air and vapor, except where specific

provision is made for venting.

Specific Design Criteria

Ice Support Structure

20.

The structure will be designed to maintain the ice in the required

array.,
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21.

22.

The structure will allow loading of the ice cylinders in position

and permit 1ifting of complete ice columns for removal in sections.

Selected columns will be designed to be weighed . for surveillance

purposes.

Any section of the ice cylinders will be capable of supporting

the total weight of ice above that section.

Insulated Duct Panels and Insulation

23.

24.

The insulation will maintain the maximum total heat ]oad«on the
Ice Condenser Refrigeration System at a level consistent with

the installed capacity, including margin.

The heat input to the ice bed will be minimized so that the
ice bed performance capability will be maintained for a period

of at Teast two weeks if the Refrigerétion System is shutdown.
In the region of the ice condenser, increased conductivity due

to humidity:and compression during an accident will not detract

from the performance of the ice condenser. The insulation
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25.

26.

27.

28.

requirements for the ice condenser (under normal operating condi-
tions) will provide more than the necessary‘insu]ation to protect
the containment from thermal shock under accident conditions, even

allowing for increased conductivity due to compression.

The galvanized sheet metal covers on the inner faces of the duct
panels will be continuously sealed and the outer'éheet metal covers
adjacent to the crane wall and the end walls will form a vapor
barrier. Under Toss-of-coolant accident conditions, the vapor
barrier will prevent direct contact of the steam with the contain-
ment shell. JUnder normal operating conditions, the vapor barrier

will prevent loss of .insulation due to humidity.

At the boundaries of the ice condenser where air cooling will not

be incorporated, insulation will be provided in a form consistent

‘with the functional requirements of those areas.

The insulation can be removed and replaced after disassembly of the
ice condenser internals, if necessary during the Tifetime of the
plant. Precompression of the ice condenser insulation from struc-
turéT and leakage tests does not detract from its performance

capabilities.

Performance of the insulation will not be affected by earthquake

conditions or platform motion.

5.2—54




29. Under accident conditions the insulation will not affect the

overall performance of the ice condenser.

30. The materials used for insulation will be compatible with
other areas of the containment and systems or portions of systems

in the containment.

31. The method of attachment of the panels and their positions relative
to the ice cylinders and support structure will preclude displace-
ment of the panels during towing, normal platform movement or

accident conditions.

‘ Ice Condenser Doors

Normal Operation

32. The doors will restrict the leakage of air into and out of the

ice condenser during normal operation.

33. The doors wi]]-restrict the Tocal heat gain in the ice condenser.
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34. The doors will be instrumented to provide indication of their

closed position.

35. Provision will be made for adequate means of inspecting the doors

during reactor shutdown.

>

36. The doors will be designed to function under all platform motion

conditions while the reactor is operational.
Earthquake Conditions
The doors are to be designed to withstand earthquake and platform motion
loadings so as not to affect ice condenser operation for normal and .
accident conditions. These loads are derived from analysis of the con-
tainment interior structure.

Accident Conditions

Loweyr Inlet Doors

37. The doors will be designed to open in the event of a leak which
produces a positive differential pressure across the doors in the

opening direction of greater than one pound per square foot.
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38.

39.

40.

The inlet doors and door ports of the ice condenser will be de-
signed to distribute steam to the condenser to 1imit maldistribu-
tion to less than 150 percent of the flow rate for any loss-of-

cooTént aécidentvwhich causes "the doors to open.

The design of the doors will be such that their inertia is consis-

tent with producing a negligible effect on initial pressure.

During b]dwdbwn, flow area will be provided for the effluent of
condensate and melted ice from the ice condenéér, without impeding

the distributed input of steam.

Ihtermédiate and Top Deck Doors

41.

42.

Venting of the Tower compartment for Teak rates of less than 70 gmp
to 240 gpm will be provided by a permanentiy open vent of 5 square

feet through the operating deck.

For larger leak rates, the resulting differential pressure will

open a sufficient number of doors. to permit air flow into the

upper compartment.




Ice Condenser Drains

43.x The capac1ty of the dra1ns w111 reduce the t1me that a
water Tevel in the 1ce condenser cou?d cause an add1t1ona1 resis-
tance to door apen1ng and 11m1t the potent1a1 1ncrease in con-
tainment pressure that could occur in the short time that'the doors

are closed.

44, Ura1ns will be prov1ded with check va]ves to a]]ow Flow only from

the wce condenser compartment 1nto the 1ower compartment

45, DUrain check valves will be spring or gravify Toaded to‘hold shut

against the cold air head (1 psf) in the ice condenser during normal .

operation.

' 46. Drains will be Tocated to drain thé water level in the condenser

to an elevation below the bottom of the doors.

Performénce Cépabi]ity

Because of the static nature of the ice bed, the ice condenser function is
not susceptible to failure of active components and the resulting consider-

ation of additional capability to accommodate failures.
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The door panels located at the inlet and outlet of the ice condenser will
be the only elements required to move during the accident. These items
are considered as passive or static elements equivalent to rupture discs
rather than active components requiring an external signal and energy

source to function.

6.2.2.2 System Design of Ice Condenser

Description of Ice Condenser and Components

Included in this section are descriptions of the general arrangement of
the ice condenser, the Refrigeration Cooling System, the door panels at
the top and bottom of the ice condenser and the ice condenser internals
which form the fiow channels and ice beds. Table 6.2.2-1 presents princi-
pal design parameters for the ice condenser.

6.2.2.2.1 General Arrangement

The section elevation of the ice condenser is shown in Figure 6.2-19.
The ice condenser will be essentially a well-insulated cold storage room
in which ice is maintained in an array of vertical cylindrical columns.

The columns are to be formed by ice frozen as cylinders with the space

between columns forming the flow chanels for steam and air. -The ice
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TABLE 6.2.2-1

ICE CONDENSER DESIGN PARAMETERS

Weight of ice required (minimum), 1

Height of main ice bed, ft.

Total cross sectional area, ft2
Ice basket diameter, ft.
Number of ice basket columns
Channel flow area, ftz

Inlet door flow area, 2

Equilibrium temperature in ice bed,

Inlet door-opening pressure, psf
Lower drain area, ft2
Upper vent area, -ft2

Ice boron concentration, ppm

Ice . Condenser Support Structure

Lower Support Structure Platforms
Number

Weight, each, 1b.

Lower Support Portal Frames
Number

Weight, each, Tbs.

* Refer to Table 6.2.1~1

bs. ‘ : -k

°F 15

2000

24
2400

A
1750
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TABLE 6.2.2-1 (cont'd)

Lattice Frames

Number
Weight, each, 1bs.

Floor Lattice Frames
Number
Weight, each, 1bs.

Lattice Frame Support Columns
Number
Weight, 1bs.

Ice Basket Section
12 ft. sections
Number
Weight, each, 1bs.

9 ft. sections
Number
Weight, each, 1bs.

Ice Condenser Doors and Frames

Lower Inlet Doors and Frames
Number
Weight, lbs.

Top Deck and Vent Doors
Number
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288
550

72
220

146
550

5832
30

648
25

24
700

24



TABLE 6.2.2-1

Intermediate Deck and Vent Doors
Number

Upper Plenum Access Doors
Number

Lower Void Access Doors
Number

Air Return Fans and Check Valves

Number _
Flow, each, §cfm

'(cont'd}

24

2
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Condenser will .be contained in the annulus formed by the containment:
and the crane wall circumferentially over a 288 degree arc. The refueling

canal and.equipment hatch are located in .the remaining 72 degree arc.

The total height of the ice condenser compartment will extend from below
the operating deck to the top of the crane wall. The main ice bed will be
above the operating deck with a partial width section at the bottom of the
ice condenser to leave space for opening doors. The uppermost section of
the ice condenser compartment will form a plenum to accommodate the air
cooling equipment and provide access for ice loading and maintenance. A
small bridge crane will be provided at the top of the compartment for con-
struction and maintenance purposes. Below the operating deck, the inner
wall of the ice condenser incorporates the inlet doors, through which the
air in the lower compartment volume and the discharged flyid will

pass to the ice condenser. The top deck of the ice condenser will be
formed by doors supported from radial I-beams supported by the top of

the crane wall. Another set of doors will form a partition between

~

the upper plenum and the ice compartment.

Under accident conditions there - are no necessary insulating qualities
that must be maintained. The design of the ice cendensef,wal? panels
will assure that the panels remain intact and in place to prevent a
significant change in the hydraulic diameten_&nder accident loadings.

The wall panel S§tructural ‘encasement - provides protection for
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the fnsulation.during the accident. .In.the region of the walls and
floor-.of the ice compartment, the insulation will incorporate cooling ducts,
by which the-heat gained is-absorbed.and transferred:to the coolers in the
upper plenum. The temperature of the cooling air in the ducts and tempera-

ture .of ‘the ice will be-maintained between:10°F and 20°F.

The heat absorbed by the coolers will be transferred to the refrigeration

units outside the .containment by the Ice Condenser Refrigeration.System.

6.2.2.2.2  Ice Support Structure

The ice support.structure.consists of the floor, lower-support structure, -

lattice frames and columns-and-ice cylinders.. .

The floor will be arranged to provide structural-support of the internals
and cooling of the ice bed. Concrete piérs will be built up from the ice
condenser support slab at' three radii, corresponding to the inner and -
outer rows:of lower. support structure:columns and the extreme outer.radius
of the slab itself:  The concrete surface slab is supported by radial:steel

beams supported by-the concrete piers.




The ice condenser structure and ice will be supported by the floor and

lower support structure. The lower support sfructure will support two-
thirds of the.iye load. The structure will extend above the floor to
provide an access area behind the inlet doors. The lower support structure
is to be essentially a lattice of radial I-beams on the centerline of the
ice columns. These radial I-beams will be supported by inner and outer main
beam members running circﬁmferentié]]y around the ice condenser. The main
beam memberé are to be supported by the columns from the ice condenser floor
as shown in Figure 6.2-19. The lower support columns will straddle the ice

condenser inlet doors providing a clear area for the inlet doors.

Lateral support against seismic and motion effects is to be provided by
structural ties to the crane wall. Clearance will be maintained between the
jce support structure and the containment to assure that there are no Toads

transmitted to the containment.

The Tattice frames, of welded steel construction, will locate the ice cylin-
ders in the desired array. The radial ]ength of the frames will be adjust-
able to accommodate construction clearances and permit vertical alignment

of the ice condenser locations within the.frames. Cross braced box truss
sections will be built into insulated duct panels at the ends and midsection.
The vertfta] spacingrof these truss seétions is to be such that a reinforced
section is provided at each lattice frame elevation. Outrigged brackets

with insulating pads at the lattice frame elevation will provide the struc-
tural connection between the inner duct panel and the inner lattice frame

support column.
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Box truss sections of the wall panels will be attached to the panel mounting
angles with struﬁtura] angle brackets These brackets and the wa11 pane]
c1amp1ng bo1ts w1]1 prov1de a vert1ca11y pinned connection to the crane wall

that will transm1t the Tateral 10ad1ng to the wall.

Groups of 1att1ce frames w111 be connected together with a s]1p 301nt be-
tween groups to prov1de for c1rcumferent1a] therma] expansion and con-

traction. Since there is no connection between the structure and theAcon—
tainment sne11, ne special provisions will be necessary.for radia]_therme1

expansion or contraction.

The ice coTunns are to be composed of parteTength right cy]inder,eecfions
of ice having a wire mesh peripneny. The cylinders will be |
assembled into the Tettice frames to'form a continuous column of ice the
full height of the condenser. The lattice frames previde lateral ice
co?umn support at 1nterva]s correspond1ng to the ends of the ice cy11nder

sections.

The vertical support of the ice and 1ce cy]inder hardware will be trans-
mitted to the floor and Tower support structure Prov1510n will be made
for we1gh1ng the entire 1ength of se1ected columns for surve1l1ance

purposes.




Design Loads

The ice bed structure will be designed to meet specific loads. Two load

categories are defined for design purposes, with all structures designed

for platform motions:
1. Service Load (Normal Conditions)

Service Toad (normal) conditions are any conditions encountered during
construction and in the normal operation of the nuclear power plant.
Included in such conditions are any anticipated transients or test
conditions dufing normal or emergency startup and shutdown of the
-nuclear power plant, and.integrity tests of the containment. Also
included in this category wave motion are those severe environmental
conditions (Operating Basis Earthquake or OBE) which may be anticipated

© during the 1ife of the Floating Nuclear Power Plant.

Fér normal load conditions tHe lateral ice load is due to p1atform
motion with minor loading due to misalignment of the ice columns and
lattice frames. The lattice frame and column structure will be designed
to carry vertical components of Toad from the‘ice cylinders as required.
Horizontal load components from misalignment of the ice columns and
Tattice frame locations will be reduced- by proper. adjustment during

installation.
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The resultant structure considered for analysis comprises a pin-jointed
cylinder laterally supported at the joints and vertically at the base.
The Tloading on the cylinder due. to-the ice load in the vertical direc-
tion is assumed to be applied-in uniform shear above any section, com=:
bined with a hydrostatic load below that section, thus accounting for

the worst conditions of ice support.

The Tower support structure will carry a total static load from the
inner two thirds of the ice bed uniformly distributed. In addition,
the inner circumferential.main beams will take the weight of the
insulated duct panels on the crane wall and the reactions at the feet

of the inner columns supporting the Tattice frames.

The normal Tloads on the'surface floor slab are due to the uniformly

distributed Toad from the outer rows of the ice basket columns.

For design purposes the ice columns and structure are subjected to
other modes Of loading outside the scope of the normal, earthquake
and accident conditions. These arise from handling during
removal or weighing of the columns when it is neCeésary to consider
dynamic loading of a full column- of ice due to lifting by the crane.
Consideration is also given to minimizing damage in the event that
an ice cylinder is dropped or arrested while being lowered by the

crane.
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In addition to the seismic effects on the ice condenser structure due
to the weight of the ice, seismic effects will be transmitted to the
Structure through the crane wall and floor. These seismic effects

will be éompared with platform motions under different loading condi-
tions as imposed by wave motion for determination of the

maximum horizontal acceleration. The behavior will then be

analyzed using a response spectrum, absolute accelerations, displace-
ments and relative motions of the walls as determined from the dynamic
‘analysis of the containment interior structure. The natural frequencies
aﬁd vibration modes of the ice internals comprising the columns, frame-
work and structural ties to the crane wall are to be determined by
dynamic analysis, the internals being supported transversely by the
structural ties incorporated in the insulated duct panels at the crane

wall.
Extreme Load Conditions

Extreme load conditions are those conditions resulting from a postulated
single failure of the .Reactor Coolant System or Steam System (Design
Basis Accident) and those extreme environmental conditions (Design
Basis Earthquake) postuiated'for the design of the Floating

Nuclear Power Plant. Also included in this category are those
combinations of single failure of the Reactor Coolant System or

Steam System plus severe or extreme environmental conditions con-

sidered credible.
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Accident loads will be considered for the double ended rupture of the
largest pipe in the Reactor Coolant System or double-ended rupture.of
the main steam line. This gives rise. to an increase in pressure in the
ice condenser together with drag forces on the ice columns and-support
structure due to the velocity of the steam/air mixture. Consideration
is to be given to temperature -gradients between the top and bottom of
the ice condenser which develop from heat transfer between the struc-

tural steelwork and steam condensed by the jce.

The maximum differential pressure between the ice condenser and the

upper compartment is effectively applied across the insulated

duct panels. The wall panels will be designed and fastened to the

~walls in a manner that precludes significant steam channeling due to

panel deflections, or leakage through the vapor barrier.

The vapor barrier joints will be sealed and designed to withstand the
full pressure differential. The pressure differential will act on
the sealed joints in a manner such as to increase the sealing pressure

applied on the sealants.

Specific Toads. and load combinations comprising the service (normal)

load and extreme load condition categories defined above are as follows:
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Dead Load (D)

Weight of structural steel and full ice beds at a maximum.ice load.

For design purposes, the ice shall be assumed to carry no load.

Live Load (L)

Live load includes any manufaéturing and maintenance loads, loads during

the filling and weighing operation.

Qgerational.Bésis Temperature Load (To)

Normal temperature Tload.includes those Toads resu]tﬁng from normal
temperature gradients in the ice compartment during operation plus any
loads included by the cooling of ice containment structure from an

assumed ambient temperature at the time of installation.
A\

Accident Temperature Load (Ta)

Accident temperature load includes those loads resulting from DBA

thermal conditions.

Accident Pressure Load (P)

Accident pressure load includes those loads induced by the relative
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deformation of the containment structure under accident conditions plus

any differential pressure loads across the ice beds.

Design Basis Accident Load (DBA)

This load consists of the effects resulting from a loss of coolant or

steam feedwater line-break accident.

Operationa] Basis Eérthquake (OBE)

The operational basis earthquake loads are those inertia and differen-
tial displacement induced Toads including impact loads determined from
the response of the ice bed and supporting structure to the OBE defined

for thé site.

Deéigh BasisuEarthquake‘(ﬁBE)

The design basis earthquake loads are those inertia and differential
displacement induced loads including impact loads determined from the
response of the ice bed and supporting structure. to the DBE defined

for the site.
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Stress Criteria

Stress Timits are divided into three categories for design purposes.
Primary stresses and.secondary stresses are as defined in Section

NB 3210 of the ASME Section III Code.

Service Load (Normal plus OBE) Conditions

Primary stresses shall be limited to normal AISC-69, Part I Specifica- |

tion allowables (S). _

Secondary stresses which are evaluated independently are limited to

3 times the (S) allowables. ‘

Extreme Loads Occurring Singly (Normal plus DBE or Novrmal plus DBA)

Primary stresses shall be limited to normal AISC-69 Specification
allowables (S) increased by 50%. Secondary.stresses which are evaluated
independently of primary stresses are Timited to 3 times.the_(s) allow-

ables.

Extreme Combined Loads (DBE plus DBA)

Primary stresses will be limited to normal AISC-69 Part I Specification
allowables increased in the proportion 1.2 Sy/Sb or 0.7 Su/Sb whichever
is smaller where Sy is the specified minimum yield of the material being

used and Sb is the allowable stress in bending (open sections) from the
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AISC specification and.Su is uniform ultimate stress capacity of the

material. No evaluation of secondary stress is required.

Alternate Analytical Criteria

As an alternate to the stress criteria, Limit Analysis for primary loads as
defined in the AISC Specification Part 2 may be used except that for abnor-
mal or extreme environmental load conditions an overall load factor of 1.3
shall be used and for extreme combined loads, an overall load factor of

1.1 shall be used.

Experimental or Test Verification of Design

In lieu of analysis, experimental verification of design using actual or

simulated Toad conditions.may.be used.

The safety factor associated with such verification will be 1.4 for dead
loads and 1.7 for all other loads in the service load category and 1.3 as
an overall safety factor for Tload combinations in the extreme loads occur-

ring singly category and in the extreme combined 1oad category.
6.2.2.2.3 Ice Condenser Cooling Ducts and Insulation

The insulated cooling ducts for the walls of the ice compartment, shown in

Figure 6.2-19 will be installed as prefabricated panels. At the outer
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wall and end walls of the condenser, the. panels will cover the full height
of the compartment. At the inner wall the bane]s will be designed to

terminate above the inlet door ports.

Each panel will be an integral duct unit, consisting of a cross braced box
section for cooling air flow, insulated with fiberglass insulation. The
air flow channels will be fed from the Refrigeration System air handling
units by an air duct around the periphery of the upper p]enum.. The return
flow will exhaust directly into the upper plenum. The inner, 1§e compart-
ment side of the panels will be covered with galvanized steel sheet and

the joints between—pane1s sealed to provide a vapor barrier between the

ice compartment and the cooling air fiow. Galvanized steel sheet will also
be provided.on the buter surfaces of the panels on the crane wall and end

walls and form the vapor barrier for the compartment on those walls.

The panels are to be clamped to the walls by studs, cTamp washers and nuts.
The weight of the panels will be transmitted to the floor at the outer wall

of the ice condenser and to the ice support structure at the inner wall.

The fastening of the insulated duct panels to the walls,.the construction
incorporating sheet metal faces and the additional constraints provided by -
‘the configuration of the ice columns and support structure will obviate

any mechanism which allows the insulation material to impede the
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performance of the ice condenser during accident conditions. The ice

condenser wall panels are to be'specifical]y'desfgned to remain in position

during an accident condition; however, the Consequénces'of one or more -

panels being displaced are acceptable.- A full-scale section test run by
Westinghouse Electric Corporation demonstrafed acceptable performance of
ice condenser for an equivalent by-pass flow area equal to a condition in

which all ice condenser wall péne]s are displaced.

6.2.2.2.4 Ice Condenser doors
Inlet Doors

The inlet doors at the bottom of the ice condenser will be  insulated

and mounted on a frame.between the concrete pillars supporting the

crane wall. The doors will be provided with a loading device which pro-
duces a .small force to resist door opening. The magnitude of the force
pkqduced“when the.doors are fully open will be equjva1ent to a differential
pressure of approximately one pound per square foot. The doors will nor-
mally be held shut by the static differgntia] pressure due to the higher.
density air in the ice condenser compartment. With zero differential
pressure across the doors (no cold air head), the neutral position of the
loading mechanism’will be set so that the doors are s]ight]y open. Thus,
all doors will open at the same differential pressure. (equivalent

to the cold air head) and, within the 1imits of the Toading device toler-

ances, the doors will all open to equal extent.
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Provision will be made for a drain area of approximately fifteen square

feet at the bottom of the ice condenser to permit water and air to flow

from the ice condenser during and after the reactor coolant blowdown.

This provision will assure that, if doors reclose affer a large break

before all water drains out, or for small break or residual heat release
cases where doors are not fully open, water from melted ice can drain from
the compartment. The total drain area will be provided by several individual

drains.

.For leaks Tess than approximately 70 gpm to 240 gpm, a pressure difference

sufficient to open the inlet doors would not be developed. This range of
leakage would be detected py reactor coolant system instrumentation

and plant shutdown would be initiated. For this case, the containment
ventilation fan-coolers, although not engineered safety features, will have
capacity for removal of additional héat.input. Ih any event, the contain-
ment pressure would be limited to a low value by the Containment Spray

Sys tem.

For slightly greater leak rates, zero differentia]'pressure would be
developed across the doors (cold air head balanced) and the neutral position
of the loading mechanism is set so that the doors would open slightly. Thus
all doors would open at the same differential pressure (cold air
head); and, within the Timits of spring tolerances, the doors would all

open by equal amounts.
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For larger break sizes, the doors will open by greater amounts consistent
with the spring characteristics éf the doors. The one pound per square
foot differentfa] pressure required to fully open»the_1ower doors would
be developeﬁ by the steam flow from an approximate eight inch diameter
single-ended pipe break. Above this break size, ma1distribution will be

limited to a Tow amount by the size of the door ports.

At the conclusion of the Reactor Coolant System blowdown, the doors would
tend to reclose. The provision made for a small drain area at the bottom
of the icg,cpndenser would allow for the flow of water and air from the
ice condenser during and after the blowdown. If it is assumed that resi-
dual heat is released to the containment in the form of steam, the doors

would reopen as required to allow the steam to flow into the ice condenser.

A1l ice condenser doors will be designed with substantial margin, in all
members and attachments, under maximum dynamic Toading conditions. This
margin will provide assurance that ice condenser doors will not become

missiles.

Top Deck and Intermediate Doors.

The top doors will be supported by the ice condenser bridge crane support .
structure. The support structure will consist of radial beams spanning the

ice condenser annulus at the top of the crane wall.




The doors enclosing the ice compartment and forming the floor of the upper
plenum will be similar to the doors described above. These doors Wi11 be

supported by the lattice frame support columns.

A vent area of approximately 20 square feet will be provided through each
set of top doors to equalize pressure between the ice condenser and upper

compartment volumes during normal operating pressure fluctuations.

Equipment and personnel access dcors wi]] be provided at each end of the
upper p]enum and personnel access hatches will be 1nc]uded 1n each end of
the lower void space for surveillance of the inlet doors during reactor

shutdown. These doors are all to be closed during norma] operation.
6.2.2.2.5 Refrigeration System

The Refrigeration System will be designed to initially cool down the ice
condenser from the ambient conditions of the containment and to maintain
the desired equilibrium temperature in the ice compartment. Cooling of

the ice condenser will be achieved by a threeeéfage system.

First Stage - Refrigerant Cycle

Four freon vapor compression refrigeration units Tocated outside the con-
tainment will provide coolant for the p1ant. _Three refrigeration units

will have a capacity in excess of the maximum Toad under normal operat1ng
cond1t1ons. Cooling water will be prov1ded from the non-essential Service

Water System.
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Second Stage - Glycol Cycle

The second stage working fluid will be a 50 ﬁefcent éélution'cf ethyTehe,
glycol and water. The cycle will carry the heat absorbed from the ice
condenser air hand]1ng units to the evaporator/coo]ers of the refr1gerat1on

un1ts

Two circulating pumps wi11 operate in parallel, each capab]e of pro-
viding 100 percent fTow capacity for normal operat1ng conditions. The
ethylene g1yco] will be fed.to the containment by single supp]y and return
pipes. The piping will be insulated to minimize heat ga1n and frost forma—

tion.

A surge tank will be provided.in.the system to accommodate volumetric

expansion and contractidhlbfvthe“ethylene‘g]yco1 solution.

Third Stage - Air Cooling Cycle

Air handling units .are to be .located around the periphery of the ice con-
denser plenum, spaced to give an even distribution of air flow to the cool-

ing air ducts in the ice compartment insulation panels.

Air will be drawn from the upper bTénﬁm'thrSGQh the cooling coils by the

fans and fed to a continuous header around iﬁe'plénum’for distribution to
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the ducts. This arrangement will assure that the cooling function can be

maintained by adjacent units should a fan or cooler be shut down.

The ethylene glycol flow in the cooling coils is controlled by air

outlet temperature, and the flow shut off during defrost. The coils
defrost automatjcaf]y by individual electric heaters, and flapper-type
check valves prevent reverse air flow through the coil when the fans are

shut off during defrost.
6.2.2.2.6 Handling Equipment

The bridge crane will move around the annulus outside the crane wall,
passing through the ice condenser equipment access doors into and out of
the upper plenum. This crane may be used for manufacturing, ice loading,

weighing selected ice columns and. general maintenance.

The bridge track will be supported from the beams of the plenum top deck
structure and similarly from radial beams supported by the crane wall out-
side the condenser. The crane will incorporate power operated rotating
boom and hoist mechanisms.

6.2.2.2.7 Ice Condenser Materials

Corrosion of ice condenser components will be reduced-by the low

temperature operation of the ice condenser. To further inhibit corrosion
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galvanizing or other suitable protection.is being considered for all metal
panels. ATl structural members will be protected by corrosion resistant
paints. At ice condenser operating temperaures, the corrosion resistant
paints are expected to last the Tife of the ice condenser without mainten-
ance. Any corrosion that might deveélop over long term operation would not
impair the performance of the ice condenser. Any ice condéenser equipment
whose performance might be affected by corrosion will employ corrosion

resistant materials for critical components.

Ice bed structural steel member materials will be impact tested to meet
the temperature requirements of NE 2300 of Section'III Nuclear Vessel Code

of ASME, of at least 30°F lower than the lowest service temperature for

all section thicknesses in excess of 5/8 inch. For section thickness equal

to- or ‘less than 5/8.inch, material will be normalized.

The Ice Condenser Refrigeration System will utilize ethylene glycol as a coolant.
According .to published data, all icé condenser materials selected have good

chemical resistance to ethylene glycol.

Galvanized steel sheet will be used for protecting the ice condenser wall
panel insulation. This steel sheet will also serve as the vapor barrier
on the crane wall.and end walls of the compartment. The containment

will serve as the vapor barrier on that wall.
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The insulation panels in the ice bed region will be provided with a vapor
barrier which will prevent moisture from reaching the containment insula-
tion interface region. A small proportion of the air flow bleeds from
the ducts into the annulus between the duct panel and the containment.
The inner surface temperature at the boundary of the ice céndenser; in
particular the containment, will vary with external ambient conditions
from a maximum of 80°F down to 0°F. For all boundary temperatures above
the duct air temperature, any moisture in the insulation will diffuse to
the cooling ducts and in addition will be absorbed by the bleed flow of
air. When the containment temperature is below duct air temperature,
frost will be formed by moisture transferred to the annulus between the
containment and the duct panels.  Since the temperature gradients are
reversed for this condition, the frost will not detract from the per-

formance of the Cooling System

w1th'the above factors considered, removal of the ice condenser wall
pane1s<for containment inspection shou]d'hot be necessary. Access to

the containment in the.ice condenser region for inspection will be pro-
vided by three special removable section duct panels located approximately
at quarter points in the lower section df the jce bed. Access to the
containment in the p]enum region will be provided by removal of a plenum

insulation panel.
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6.2.2.2.8 Ice Condenser Operating Considerations

Refrigeration System

The jce condenser and associated systems w111 nrov1de a re11ab1e, static
heat sink wh1ch is available for the loss- of coo1ant acc1dent The

design will assure that the quant1ty and conf1qurat1on of the ice

is maintained within the 1imits acceptable for the accident requ1re-‘
ments. The insulation system minimizes the total heat gain into the com-
partment and air leakage flow through tne compartment. Diesel generator
power will supply the electricity te openate‘the Refrigeration System
during towing and start-up operations; Lonn-term ice storage tests have
shown that the ice can bevstored for long periods of time without signifi-

cant loss or physical distortion.

The Ice Condenser Refrigeration System will be provided with excess capacity
to assure that the ice is maintained below the freezinq temperature. The
capacity of the refrigeration units will exceed the maxtmum heat gain to

the ice condenser compartment, and standby refrigeration will be available
for maintenance shutdowns. The ethy1ene gTyco1 Toop will incorporate two
full-capacity circulation pumps. The many air handling units in the ice
condenser compartment will also provide excess capacity so that the
compartment temperature can easily be maintained if the fans ere shut

down for defrosting the coils, for maintenance of the equipment, or as a

result of equipment fajlure. The air duct feeding the insulated duct panels
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will be continuous around the periphery of the unper plenum in the ice

condenser comnartment, so that air flow is maintained as long as any

reasonable number of fans are running.

Ice Bed Lonading

The ice condenser compartment will be cooled to operating temperature

10 - 209F and loaded with ice at the manufacturing facility.

Ice Condenser Maintenance

The ice condenser internals will be designed for a lifetime consistent

with that of the plant. Snecitically, the design of the ice support
structure and insulation duct panels will reduce the need for maintenance.
However; if maintenance becomes necessary, the internals can be partially
or completely disassembled and reassembled. Individual air handling units,
upper and infermediate door panels or instrumentation can be removed and

replaced without greatly affecting the ice condenser or the plant operation.

Sensitivity to Small Leaks

Consideration has been given to the possibility that a small leak from the
Reactor Coolant System could melt ice without the leak or the ice melt
being detected. Temperature detectors in the ice condenser and the inlet

door position indicators will provide one indication of this condition.
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In order for steam to enter the ice condenser, the door opening differential
pressure of one pound per square foot, produced by the colder air density
in the ice condenser, must first be overcome. Because of the vent holes

in the operating deck, the reactor coolant leakage has to be high enough

to generate one pound per squavre foot differential pressure across the deck

before the inlet doors would begin to open.

Calculations of the Teakage required to generate this differential pressure
through the assumed five square foot operating deck leakage area indicate
that the reactor coolant leakage would be between 70 gpm and 240 gpm,
depending on the mixture concentration of steam and air passing through

the deck. These calculations take no credit for heat removal by structures
and by the Containment Ventilation System. This range of leakage would

be detected by Reactor Coolant System instrumentation, and shutdown

of the unit would be initiated.

Coolant leakages less than the range described above would not affect the
ice condenser. Coolant leakages greater than this range would be handled
by the ice condenser. Leakage through the deck up to the maximum of this

range will be handled by the Containment Spray System.
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6.2.2.3 Additional Design Considerations of Ice Condenser System

The development of the Ice Condensgr Containment Sysfem hasubeen proceeding
since 1965. Considerable analytical work Has been performed and véry ex-
tensive test programs involving a total of 87 fu]]-sc&]é section‘tests have
been conducted. Tests have beeh ruh covering a11 barameters of importance
to determine their effects on ice condenser performance. The resu]és éf
these tests confirmed the performance capabilities of the_ice_condenser;_
and the adequacy of the ana]yfica] methods which Qere déve]oped. Thesé
tests were conducted 1n‘a fu]]—éca]e section test facility which waé repre-
sentative of a full-size ice condenser and containment ;ystem. 'These

tests therefore closely reproduced the conditions that would occur 1n'a

plant in the event of a Toss—of-coo]ant accident.

Tests were performed using a number of différent 1c¢ condenser cpnfigura-
tions to fully determine the effects of all of the 1mportant parameters on
condenser performance. These parameters'are coolant mass and energy
release rates; containment volumes and volume ratios; ice condenser dimen-
sions including condenser length, surface area, flow arealand ice bed
packing fraction; and total blowdown mass and energy. ‘In»para11é1,
analytical models were developed to correlate the resuits of these tesfs
and to determine the sensitivity to all important parameters. These

analytical models were checked against the‘fu11-sca1e section test.resu]ts

and found to be accurate.




The Ice Condenser Containment concept was first pregented to the Division
of Reactor Licensing df‘the'AtdmicuEneréy-Cbmmféskon dn April 15, 1966,
and on March 3,'196?‘ fhe‘infbrmation presenfed'in those‘meetings

was documented-and'fdrma11y transmitted to thé AEC in Restinghouﬁe

reports WCAP-2951 and WCAP-7040. An additional report, WCAP-7079,
entitled "Preliminafy'Désign and EVa]Uation of the Ice Condenser Reactor
Containment and Associated Ehgineered Safeguards," was prepared and 1issued
in JQTy 1967. During their review of these reports and their apprafsa1

of the concept, the vaision of Reactor Licensing raised a number of
questions concerning design details of the ice condenser, testing and
related information. ACcofding]y, on August 29, 196?, Westinghouse pre-
sented further information to tﬁe AEC directed at answering these questions. .
This information was subsequently documented in WCAP-7079, Supplement 1,
issued in September 1967. Additiona] preﬁéntations of the ice coﬁdenser
containment conéept were made on October 2/, 1967, tb‘the Ice Condenser
Subcommitfee of the Advisory Committeé on Reaétor‘Safeguards, and oh
November 2, 1967, to the full Committee of the ACRS. Thé infofmatidn
presented in these meetings was documented in WCAP-7079, Supplement 2,

issued in December 1967.

Based on the successful results of this extensive deve]opment program,
the ice condenser was first applied as a partvof the reactor containment

system design for the Donald C. Cook Nuclear Plant.




The design and performance of the ice condenser containment used in the
Donald C. Cook Nuclear Plant was described in a series of reports submitted
to the Aéomic Energy Commission's Division of Reactor Licensing. WCAP-7183,
submitted in March, 1968, presented a detailed description of the ice
condenser, detailed information on the ice condenser performance and

sensitivity to parameter variations as applied to the design of the Cook

Plant, and detailed information on the ice condenser full-scale section

_tests performed at the Westinghouse Waltz Mill Faci]ity. WCAP-7183

SuppJement.l, supmitted in July, 1968, provided a description of the

mechanical design of the condenser, information on ice condenser and

spray system long-term performances, and detailed 1nformatiqn on additional

Waltz Mi1l tests. WCAP-7183 Supplement 2, submitted in August, 1969, !
contained a description and the results of additional ice condenser full- |
scale section tests and performance_ana1yses, a summary of the long-term

jce storage tests, and a description of a method of calculating containment

subcompartment transient differential pressures.

Since these reports were submitted, the same basic ice condenser design
has been applied to numerous other reactor containment designs including
the Sequoyah, McGuire and Watts éar Plant contafnments, HoWever, as a.
resu]t of continued deQeIopment effortg,lan advanced design ice condenser

has now been developed and the applicant has applied this ice condenser

design to the Floating Nuclear Plant containment.




The parameters used in the design of the ice condenser for the Floating
Nuclear Plant containment are well within the %ahgés tested in the full=
scale sectiofi test facility and well within the range’ of ‘applicability of

the analytical models which were developed.

6.2.2.3.1 Ice Condenser Door;Vént and Drain Performance

The door, vent and drain performance analyses described below were
performed previously by Mestinghouse on the Cook Plant, based on containment
parameters which differ somewhat from the parameters which are representa-
tive of the Floating Nuclear Plant containment. However, the effect of
these parameter differences on the containment pressures and performance

is insignificant.’ These analyses will be revised when the detailed -
design of the Floating Nuclear Plant containment and the containment design

parameters have been finalized.

Door Performance - Large Breaks

The basic performance requirement for the ice condenser doors for large =
‘break accident conditions is to open rapidly, to ensure proper venting of
released energy ‘into the ice condenser. The opening rate and inertia of

the iniet doors is therefore important in determining the pressure buildup




in the lower compartment due to the rapid release of energy to that

compartment.

Full-scale section tests were conducted to determine the effects of door
inertia on the initial peak pressure. In these tests, full-size sections
of door panels having inertia representative of the doors for the plant
were used both at the bottom and at the top of the condenser. Also, for
comparison, a test was run without doors but with the representative

door port flow area. These tests were run with a blowdown energy of 175%
of the equivalent containment energy and a blowdown rate of approximately

110% of the equivalent containment rate.

The measured initial pressure transients were essentially the same

for these four tests, and the doors were found to fully open long before
the time that the initial peak pressure was reached. Also, the doors
have no apparent effect on the pressure transients during their opening
time. Thus, the results of these tests indicate that the ice condenser

doors.have essentially no effect on the initial peak pressure.

At- the conclusion of the reactor coolant system blowdown, the inlet doors
would tend to reclose. However, for the case where heat is released to
the containment in the form of steam, the doors would reopen as required

to allow the steam to flow into the ice condenser.
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The upper and intermediate doors are not required either to remain

open or to close at the conclusion of the blowdown. As discussed in-
the following paragraph on vent performance, permanently open

vents are provided through both the upper and intermediate decks

to accommodate reverse air flow from the upper compartment to the

ice condenser following the blowdown.

Door Performance - Small Breaks

For small breaks, less than approximately 200 gpm, a pressure difference
sufficient to opben the inlet doors would not be developed. However, this
range of leakage would be detected by reactor coolant system
instrumentation, and plant shutdown would be initiated. 1In any event,
the containment pressure would be Tlimited to less than 3 psig by the

containment spray system.

For larger break sizes, the doors will open by various amounts consistent
with the spring characteristics of the doors. The one pound per square

foot differential pressure required to fully open the lower doors would

be developed by the steam f]ow from approximately an 8 inch diameter single-
ended pipe break. Above this break size, maldistribution will be limited

to a low amount by the size of the inlet door ports. -
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For small breaks which generate insufficient pressure difference to

open the upper and intermediate doors, vents are provided to accommodate
air flow through the ice condenser to the upper compartment. Also,

for small breaks, drains are provided in the floor to accommodate the flow
of condensate and melted jce and prevent the accumulation of water in the
ice condenser. Vent and drain performance are discussed in the

following paragraphs.

Vent Performance - General

As stated previously, the upper and intermediate doors are not required

to remain open f011owin§ the reactor coolant system blowdown and also

are not required to open for small breaks. For these situétions,&véhts are
provided thfough‘both thé upper and intermediate decks to allow air

to flow into or from the ice condenser compartment as required. For

normal venting transients, the veﬁt air first passes into the fan cooler

_ plenum at the top of the ice condenser compartment wheré it mixes with
the cooling air. The temperature and humidity‘of the vent air that passes
from this §1enum into the ice condehser compartment is therefore about the
same as the average temperature énd humidity of the air in the condenser

compartment.A
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Accordingly, sublimation or frosting in the ice bed due to this vent flow
of air will be 11m1ted to a neg1igibTe value. Spec1f1c performance
eva]uat1ons for the vents are given below both for large breaks and for

small breaks.

Vent Performance - Large Breaks

During the period of pressure decay to]]owing the reactor coolant system‘
blowdown, the vents are designed to allow air to return from the dpper

compartment into the ice condenser without imposing an excessive pressure
drop across the upper and intermediate doors. The maximum pressure decay
rate and therefore the maximum reverse flow rate of air results from the

case'where reactor residual heat is not released to the containment

following the_reactor coolant system blowdown. The pressure decay fon
this case was measured in a tu]]—sca]é section test. In this test, the
pressure decayed from 6.2 psig to 4.5 psig during the one-minute period
1mmed1ate1y following the reactor coolant system blowdown. From this

pressure decay rate, the p]ant equ1va1ent flow rate of air was ca]cu]ated

to.be 98‘Jbs(sec:*‘Thjs flow rate would deve]Qp a pressure drop across

each of the upper doors of about 0 1 psi, which is well within the

structura1 capab111ty of the upper and 1ntermed1ate doors and support
structures. Further, in th1s ca]cu]at1on it was conservat1ve1y assumed that

no air flowed through the deck or through the containment air rec1rcu]at1on

fan duct.
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Vent Performance - Small Breaks

The full-scale section tests have indicated that for breaks less

than approximately 5000 to 10,000 gpm, only a fraction of the air is
displaced from the lower compartment through the ice condenser and into

the upper compartment. Since the air flow rates resulting from these

breaks generate less than the 4 psf pressure difference required to open

the upper and intermediate doors, a 20 ftz vent area was provided in both
the upper and intermediate decks. This vent provides a low resistance flow
path for air through the ice condenser to the containment upper compartment,
thereby 1limiting the pressure difference across the deck and the resulting

bypass flow of steam to the upper compartment for these break condi-

tions.

Drain Performance - General

Drains are provided at the bottom of the iée condenser compartment to allow
the melt/condensate water to flow out of the compartment during a loss-of-
coolant accident. These drains are provided with check valves that are
counter-weighted to seal the ice condenser during normal plant. operation
and to prevent steam flow through the drains into the ice condenser during
a loss-of-coolant accident. These check valves will remain closed against

the cold air head (1 psf) of the ice condenser.
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Drain Performance - Large Breaks

A number of tests were performed with ‘the flow proportional-type doors
installed at the inlet to the ice condenser and the hinged-type door
installed at the top of the condenser. Tests were conducted with and

2

without the water drain area, equivalent to 15 ft° for the containment,

at the bottom of the condenser compartment.

These tests were performed with various blowdown conditions including the
maximum containment-equivalent blowdown rate, an initial low blowdown rate
followed by the maximum rate, a low blowdown rate alone, and the maximum
containment-equivalent blowdown rate followed by the simulated core

residual heat rate.

The results of all of these tests indicated satisfactory performance.

of the doors, vent, and drain for a wide range of blowdown rates.

Also, -certain tésts demonstrated the insensitivity of the final peak *
pressure to the water drain aréa. In particular, the results of these full-
scale section tests indicated that, even for the maximum blowdown rate, and
with no drain area provided, the drain water did:not exert a'significant-
back ‘pressire on the ice condenser lower doors. - These results indicated
that "a major frdction of water drains from the ice condenser compartment

by the end of the blowdown and demonstrate that the containment final peak

pressure is not affected by drain performance.




Drain Performance - Small Breaks

For small breaks, water will flow through the drains at the same rate that
it is produced in -the condenser. Therefore, the water on the floor of the
compartment will reach a steady height which is dependent only on the

energy input rate.

To determine that the 15 ftZ drain area was satisfactory to prevent water
accumulation in the ice condenser, the water height was calculated for
various break sizes up to a 30,000 gpm break which fully opens the

doors. The maximum height of water required for this break was calculated
to be 2 ft above the drain check valve. Since this height corresponds

to a water level of approximately 1 ft below the bottom elevation of the
inlet doors, it was concluded that water will not accumulate in the ice
condenser for small breaks and that a 15 ft? drain'wi11 give satisfactory

performance.

6.2.2.3.2 Flow Distribution

Because the ice condenser inlet doors are located all around the Tower
compartment and the different reactor coolant loops are located in certain
regions of the lower compartment, the flow of steam from a pipe break would
not be evenly distributed to all sections of the ice condenser. For a break

in one end of the lower compartment, the steam would flow preferentially to
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nearby sections of the ice condenser. However, the steam flow into any .
section of the ice condenser is Timited by the selected flow. resistance of

the ice condenser inlet doors. The resistances of the doors are large

relative to the resistance to flow around the Reactor Coolant ‘System

compartment, thereby limiting maldistribution to an acceptable level. -

Flow distribution will be calculated for a number of cases to determine
sensitivity to parameter variations. The particular parameters to be

studied are:

1. Reference flow distribution with different ice condenser

‘door sizes in different sectors of the ice condenser:

2. Sensitivity of the flow distribution to the break Tocation.

3. Sensitivity of the flow distribution to the variation in

flow resistance,

Flow resistances will be calculated so that the waximum steam flow into
any section of the ice cordenser is limited to Tess than 150 percent of

the average} S

‘Test results indicate that any ‘section of the ice condenser can adequately

handle-a significantly greater amount of steam than that indicated above.
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Also, large variations in both steam flow rate and total quantity of steam
into any section of the condenser has Tittle effect on the final peak

pressure.

6.2.2.4 Tests and Inspections of Ice Condenser System

A comprehensive program of testing was formulated for all elements vital to
the functioning of the ice condenser. The program included performance
tests of the ice condenser and doors under actual coolant energy release
conditions in the ice condenser full-scale section test complex at the
Westinghouse Waltz Mill facility. The program has included inspection and
testing of the installed ice condenser before and after the initial ice
loading prior to initial plant startup, and inspection and testing through-
out the plant operating lifetime. The ice condenser design includes
suitable provision for visual inspection of the ice beds, flow channels,
door panels and cooling equipment. Samples of the ice are to be taken to
check the boron concentration. During periods when the reactor is shut
down and door panels are being inspected, the door opening force will be

tested and compared with the design force.

In order to assure satisfactory performance in the event of a loss-of-

coolant accident, the following inspections and monitoring will be

performed:




Total weight of ice initially installed in the condenser will be
determined by weighing the Toads of ice being installed. Total

weight of ice is to be at least 2.75 x 106 1bs.

Flow passages and ice beds typical of all sections of the condenser
will be visually inspected to check that no significant changes

are occurring.

Selected full-height ice columns are to be weighed to check that no
significant changes are cccurring. Total weight of installed ice to

be at 1éast 2.45 x 106 1bs.

Each inlet door assembly will be visually inspected, tested for

spring load -‘door position, for cold head position and door switch
operability after installation but prior to ice condenser cooldown.
These data will be compared to manufacturer's test data. Doors out of

tolerance will be readjusted.

Each inlet door assembly will be visually inspected, tested for the
required opening force, cold head position, and door switch
operability after ice condenser cooldown but prior to ice loading,

prior to startup, and during each refueling period.

Visual inspection for general condition, frosting, corrosion, and
gasket condition. Inspection items are the door panels, spring mecha-

nism, gaskets, hinges, and door position Timit switches.
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7. The chemical composition of the ice will be checked by chemical

analysis.

8. Temperatures in selected Tocations in the ice condenser are to be
monitbred continuously to assure that the Cooling System is

operating satfsfactori]y.

9. A Monitoring System will be provided to ihdicate that the door

panels are properly closed. ‘

10. Prior to plant heatup, the hatches in the operating deck will be

inspected to assure that they are properly secured.

After the ice condenser has been coo]ed and 1oadedeith ice, a period of
several months will elapse before the Reactor Coolant System is heated to
temperature for initial power operation. During this period, a number of
inspections will be made of the ice condenser and its systems. After power
generation begins, the surveillance program will continue, but at a reduced
frequency, depending on the information gained from pre-power inspections.
Access to the upper plenum of the ice condenser compartment will be

possible while the reactor is at full power; therefore, jnspections 2, 3,

and 7 (outlined above) will be possible at any time.




6.2.2.5 Ice Condenser Instrumentation System

This section describes the instrumentation employed for the monitoring of
the ice condenser during both normal plant operation and post-accident

operation.

Ice Bed Temperature Monitoring

Resistance thermometer bulbs will be provided for mounting on ice bed probes
throughout the ice bed, with clamps for attachment to Tattice frames. These
bulbs will tie into one scanner unit suitably enclosed for mounting inside
the Containment. A recorder is to be mounted in the main Control Room, and
a deviation from the 1imit of ice bed equilibrium temperature will be

annunciated.

Lower Inlet Door Position Indication

Limit switches will be ﬁounted on the lower inlet door frames. 'The
posifion and movement of the switches will be such that the doors must be
effectively sealed before the switches are actuated. A single annunciator
window in the Control Room will give a common alarm signal when any door is

open.
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Equipment and Personnel Access Doors

Limit switches will be provided to monitor the position of the
equipment access door and the personnel access door with two switches
per door. These switches will be fitted in a single series circuit
providing Control Room indication of the position of the doors by an

alarm on the annunciator panel.
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6.2.2.6 Design Basis of Containment Spray System

Adequate heat removal capability for the containment is provided by four
1/3 capacity separate containment spray system trains whose components

operate as described in paragraph 6.2.2.7.

The primary purpose of the spray system is to spray cool water into the
containment atmosphere when appropriate in the event of a loss-of-coolant
accident (LOCA) and thereby assure that containment pressure does exceed
15 psig. This protection is afforded for all pipe break sizes up to and
including the double-ended rupture of the 1argest‘pipe in the Reactor
Coolant System (RCS). Pressure transients following a 1os§-of-coo1ant
accident are discussed in paragraph 6.2.1.3. The Containment Spray System
(€SS) design is based on the conservative assumption that core residual
heat is continuously released to the containmen£ as steam, eventually
melting all ice in the ice condenser (See paragraph 6.2.2.2 for ice
condenser description). The heat removal capability of the spray sy;tem is
sized to keep the containment pressure below design pressure after‘a11

the ice has melted and steam generated in the core continues to enter the
containment. Residual heat generated as steam from the time of the accident
through the time that the ice melts is absorbed by the ice condenser. In
addition to energy from the RCS blowdown, the ice condenser accommodates
the release of stored metal heat and steam generator héat until the énd of

ice melt.
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Containment spray system arises from thé'AEﬁ fmposed requirement to consider
a small RCS break occurring prior to a double-ended RCS pipe break.

If the break is small enough to preclude opening of the ice condenser
inlet doors, a pressure of 3 psig will develop in the containment upper
compartment. The containment spray is écfivated by the "p! signal

at this stage and must be able to absorb further steam leakage through
the”operating deck at a maximum 1on§ term deck differential pressure of
1 psf (the ice condenser door opening differential pressure). This
ensures that if a large break occurs subsequent to the small break the
containment design'pressure will not be exceeded. The capability of the
containment spray system to perform this secondary function is inherent

if the pfimary design requiremént,kdiscussed above, is met.

The CSS is designed to operate over an extended time period following a

loss-of-coolant accident while satisfying the single failure criteria.
System active components are redundant. System piping located within the
containment is redundant and separated. The piping and components of each
spray system trafh, Tocated outside the containment, are shielded in seb-
arafe‘cohpartmehté. |

6.2.2.7 DéSériptibn and Operation of Containment Spray System

Adequate containment cooling is provided by the CSS, whose components

operate in the following sequential modes:
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1. Spraying a portion of the contents of the refué1ing water storage

tanks into the containment atmosphere using the containment spray

pumps.

2. Recirculation of water from the containment sump by the containment
spray pumps through the containment spray heat exchangers and back
to the containment dfter the refueling water storage tanks have been

drained to their low level alarm point.

The CSS is shown on Figure 6.2-20. Each train of the CSS consists of a
spray pump, spkay heat exchahger, valves, piping and spray headers in the

upper containment volume.

The éoincidence of two out of four containment high-high pressure signals
automatically initiates the’Operathn of the spray system. This signal

starts the pumps and opens the discharge valves to the spray headers.

During the injection phase, the Containment Spray System pumps take suction
from the two fefue]ing"Water stofage tanks. The Emergency Core Cooling

System pumps also take suction from these tanks.

These two 50 percent capacity tanks, each have a total capacity of 200,000
gallons and a usable capacity of 175,000 gallons. The total usable
capacﬁty of both tanks (350,000 ga11ons) is based on the'requiremént for |
fi1ling the reactor cavity and refueling canal during refueling. Additional

design data are shown on Table 6.2.2-2, The total capacity provides an

6.2-106




amount of borated water to assure:

1. A volume sufficient to refill the reactor vessel above the nozzles
after a loss-of-coolant accident and for requirements of initial

‘operation of Containment Spray System, and

2. A sufficient volume of water in the containment sump to permit

the initiation of post-accident recirculation.

The water in the tanks is borated to a concentrat1on wh1ch assures reactor
shutdown by approx1mate]y ten percentzﬂk/k when a11 rod assemb11es are

inserted and when the reactor is cooled down for refueling.

The p1p1ng from the refue11ng water storage tanks cons1sts of 1nterconnect1ng
piping between the tanks and d1str1but1on headers to the eng1neered safeguard
compartments wh1ch house the Emergency Core Coo]1ng and Conta1nment Spray

System pumps.

Motor-operated va]ves“ere provided in the Emergency Core Coo11ng end .
Containment Spray System for isolation of the Tines from the refueling
water storage tanks. In addition, check valves are provided to prevent

reverse flow to the tanks.

These lines remain in operation until the Tow level is reached in the
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refueling water storage tanks, at which time post-accident recirculation

from the containment sump is initiated.

The piping from the four containment sumps consists of four separate lines
routed in separate safeguard tunnels to the pumps located in the afore-
mentioned safeqguard compartments. After the refueling water storage tank
water is depleted, these 1ines are brought into operation to provide
suction supply for continued core cooling and spray operation. Separation
of the Tines provides the capability to isolate a leaking line and assures
reliable supply for continued operation of the Emergency Core Cooling and
Containment Spray Systems during post-accident recirculation and spray
operation. Motor-operated valves are provided in the Emergency Core
Cooling and Containment Spray Systems at the suction of the pumps for isola=
tion of the safeguard suction lines from the sumps. A containment sump
motor-operated isolation valve is provided in each of the Tines. For
transfer to post-accident recirculation, these valves are opened by the
operator in the control room. Power is supplied to the valves via engin-

eered safety buses.

The passive portions of the spray system located within the containment are
designed to withstand, without loss of functiond] performance, the post-
accident containment environment conditions and to operate without benefit
of maintenance. A1l of the active components of the CSS are located
outside the containment and are not required to operate in the steam-air

environment producéd by the accident.
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The spray headers which are located in the upper containment volume are .
separated from the reactor and reactor coolant loops by-the operating
deck and inner wall of the ice bed. These spray headers are, therefore,

protected from missiles which may originate in the lower compartment.

Pumps
The containment spray pumps are of the horizontal, centrifugal type driven

by electric motors. These motors are supplied from engineered safequards

buses.
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TABLE 6.2.2-2

REFUELING WATER STORAGE TANK DESIGN DATA

Number

Material

Total capacity (each), gallon
Usable capacity (each), gallon
Design pressure

Design temperature, °F

Boron concentration (as boric

acid), nominal, ppm
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Stain]ess‘steel
200,000
175,000

Atmospheric

120

2000



The design head of the pumps 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 ndzz?eé, and -‘1ine -and nozzle pfeséure Tosses. Pump motors
are direct-coupled and large enough for maximum power requirement of the
pump. Materials of construction suitable for use in mild boric acid solu-
tions (such as stainless steel or equivalent corrosion resistant material)

are used. Design parameters are presented in Table 6.2.2-3.

Heat Exchangers

The containment spray heat exchangers are of the shell and tube type.

Borated water from either the refueling water storage tank or the contain-

ment sump circulates through the tubes while essential raw water circulates
through the shell side. The spray heat exchangers are designed to assure
adequate heat removal capacity from the spray water in the recirculation

mode. Design parameters are presented in Table 6.2.2-4,

Spray Nozzles

The spray nozzles, of the ramp bottom design, are not subject to clogging
by particles less than 1/4 inch in maximum dimension, and are capable of

producing a mean drop size of approximately 700 microns in diameter with

the spray pump operating at design conditions and the containment at

design pressure. Fluid is pumped to the nozzles and screened through a
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TABLE 6.2.2-3

CONTAINMENT SPRAY PUMP DESIGN PARAMETERS

Quantity, per unit 4
Design pressure, psig 300
Design temperature, °F | 250
Design flow rate, gpm : 2400
‘ Design head, ft. | : - 500
@
NOTES:

1. The pump motors are direct coupled and non-overloading to the end df

the pump curve.

2. Adequate NPSH will be supplied to the containment spray pumps by pro-
perly locating the pump at a suitable elevation-and by minimizing the
pressure drop in the suction lines. As specified in Safety Guide 1,
adequate NPSH will be available assuming the maximum expected fluid

temperatures and assuming no increase in containment pressure.
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TABLE 6.2.2-4

CONTAINMENT SPRAY HEAT EXCHANGER DESIGN. PARAMETERS

Quantity, per unit

Type

Heat transfer per unit, Btu/hr.

Shel] Side
Flow, gpm ‘ 3000
Inlet Temperature, °F 85
Qutlet Temperature, OF 123.2

Material Carbon steel
Design pressure, psig 150

Design temperature, °F 200
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Shell and Tube
5.598 x 107
~ Tube Side
2400
165
117.2

Stainless steel .

300

250




1/4 inch mesh. The nozzles and headers are so oriented as to assure full

coverage of the total containment upper volume.

Material Compatibility

Parts of the system in contact with borated water are stainless steel or
an equivalent corrosion resistant material. Exposed surfaces within the
containment are not subject to breakdown under exposure to the containment
spray and can withstand, without spalling or flaking, the steam pressure
and temperature assocjated with a LOCA. Insulation within the containment
will not contain material which could potentially enter the sump and

cause plugging of Safety Injection System and containment spray strainers

and equipment.

6.2.2.8 Additional Design Considerations of Containment Spray System

The containment spray systems provide four 1/3 capacity heat removal systems
for the containment, sized to prevent an increase of the containment

pressure above design limits.

The spray system design is based on the spray water being raised to the
temperature of the containment ihn falling through the steam-air mixture
within the building. The minimum fall path of the droplets is approximately
75 feet from the spray headers to the operating deck. The actual path is
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longer due to the trajectory of the droplets sprayed out from the header.
Heat transfer calculations, based upon 700 micron droplets, show that

essentially 100 percent thermal equilibrium is reached in a distance .of .
a few feet. Thus, the spray water reaches essentia]iy the satﬁratioﬁ “

temperature.

A failure analysis has been made on all active and passive components
of .the spray systems to show that the failure of any single active com-
ponent will not prevent fulfilling the design function. This analysis

is summarized in Table 6.2.2-5.
6.2.2.9 Tests and Inspections of Containment Spray System

AT1 active components in the CSS are adequately tested both in pre-
operational performance tests in the manufacturer's shop and in-place

testing, after installation.

Permanent test lines for the containment sprayAtrains’are 10cateq S0
that all components up to the isolation valves upstream from the spray
nozzles may be tested. These isolation valyes afg checked separately.
The air test lines, for checking that,spra§ nozz]es are not obstructed,

. connect downstream of the isolation valves.
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TABLE 6.2.2-5

SINGLE FATLURE ANALYSIS

CONTAINMENT SPRAY SYSTEM

Component Malfunction
Spray Nozzles Clogged
Spray Pump Stops running
or fails to
start
Heat Exchangers Tube Teak
Valve N Fails to open

6.2-116

Comments & Consequences

The Tlarge number of nozzles
makes the clogging of a
significant fraction of

nozzles highly unlikely.
Four 1/3 capacity pumps
provide redundancy.

Four 1/3 capacity heat

exchangers provide redundancy.

Four 1/3 capacity flow paths

provide redundancy.




An initial test of the containment spray header system will be made to
check the free flow out of the spray nozzles. An air supply will be used

to provide the large quantity of relatively low pressure air. It will be
connected to a flange on the spray piping. During normal station operation,
a blind flange will be placed over the air connection which will be located
in such a position in the piping that }eakage from the flange will not

significantly affect the system operation.

The spray nozzles can be periodically tested with air or smoke using

the same method as in the initial test.

6.2.2.10 Instrumentation and Application

This section describes the instrumentation employed for the monitoring
and actuation of the CSS. This instrumentation includes that which is used
during normal and post-accident operation for measurement of temperature,

pressure, and flow.
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Containment Spray Heat Exchanger Inlet Temperature

Local indication is provided for each heat exchanger to measure fluid

temperature in the CSS inlet.

Containment Spray Heat Exchanger Outlet Temperature

A bulb-type temperature transmitter is provided for each heat exchanger
to measure fluid temperature in the CSS outlet. The temperature will be

recorded in the main control room.

Containment Pressure

Four pressure transmitters are used to measure containment pressure.
These four pressure transmitters through bistables actuate the CSS on
high-high containment pressure. High-high pressure alarms and pressure

indication will be located in the control room.

Containment Spray Heat Exchanger Discharge Flow

A flow channel is provided for each CSS pump discharge. A flow indicator

is provided on the main control board for each channel.
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Containment Spray Pumps Inlet Pressure.

A Tocal pressure indicator is provided on the inlet side of each pump.

Containment Spray Pumps to Refueling Water Storage Tank Line Flow

A local flow indicator, used for pump testing, is provided to show flow

in the Tine from the pumps to the storage tank.

Refueling Water Storage Tank Level

Two channels are provided. One channel provides a local indication and
Tow Tevel alarm function. ~The second channel provides indication on the
main control board,.and two Tow level alarms (one alarm is a normal

operating Tow level and the other is a Tow=Tow level alarm).

6.2-119




6.2.3 CONTAINMENT AIR PURIFICATION AND CLEANUP SYSTEM

The containment air purification and cleanup system consists of the
following:

1. HNormal containment preaccess filtration and purge system.

2. Post accident containment venting system.

6.2.3.1 Design Bases

Normal Containment Preaccess Filtration and Purge System

This system provides recirculation and filtration of the air throughout
all containment areas during normal operation and prior to access. This
system is also capable of introducing 100% outside air having sufficient
capacity to provide 1.5 changes of the containment air volume in one

hour. Air exhausted to the plant vent is filtered, monitored, and diluted

to an annual average not to exceed 6 X 10-8 p Ci/cc at the site boundary.

Post Accident Containment Venting .System

This system is designed in compliance with the AEC's Safety Guide 7
(Control of Combustible Gas Concentration in Containment Following a Loss-

of-Coolant Accident) and provides the capability for a controlled purge
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of the containment atmosphere fhrough~éppropriate<fission product removal
systems thereby maintaining the hydrogen in the containment atmosphere
below maximum specified limits. This system is a backup to the hydrogen

recombiners.
6.2.3.2 System Design

Normal Containment Preaccess Filtration and Purge System

This system is shown in Figure 9.4-6. Equipment data are given in
Table 6.2.3-1 entitled, "Containment Ventilation System Equipment Design

Parameters."

The system consists of two 50% capacity supply fans, each equipped with
filter and heating coils and two 50% capacity exhaust fans and associated
filter trains, comprising prefiiters, high efficiency particulate air
filters and activated charcoal filters. The activated charcoal filter
trains are aligned with the operation of one 50% capacity exhaust fan.
The regular HEPA filter trains are aligned with two exhaust fans. All
active components ére located outside the containment walls through which
supply and exhaust air ducts serve the three major regions, namely, upper
compartment, Tower compartment, and instrumentation room. Each penetra-

tion is isolated from the containment by two normally closed valves.
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TABLE 6.2.3-1

CONTAINMENT VENTILATION SYSTEM
EQUIPMENT DESIGN PARAMETERS

SUBSYSTEM
Purge Purge Lower Containment|Control Rod{ Reactor
Supply | Exhaust Upper Compartment| Instru- Drive Vessel
(1) (1) Compartment (2) mentation(3)| Mechanism Support
Number 2 2 2 4 2 4 2
Fan capacity, scfm, v
each 18,000 18,000 20,000 130,000 8,000 20,000 15,000
Filtering p P.,A,C P p P - -
Design Conditions:
Source, Summer, °F - - 110 120 90 150 150
Source, Winter, °F - - 60 60 60
Qutside,Summer, °F 95 - 95 95 95 - -
Qutside,Winter, °F 0 - 0 0 0 - -
Redundancy:
Running 2 as 2 as 2 3 1 3 1
required| required
Standby - - - 1 ] 1 1
NOTES:

(T) Purge rate 1.5 air changes/hr. Charcoal filter capacity for each unit is 9000 cfm.

(2)
(3)

LEGEND:

140°F inside primary shield
Vents to purge system.

P Prefilter or filter, efficiency 50%, NBS, Dust Spot Test.
A Absolute or high efficiency particulate air filter, efficiency 99.97% on .3 micron DOP aerosol.

c Activated charcoal filter, Type BC 727 efficiency 95% and 99% for methyl iodine & iodine, 70% RH

45 FPM.




Post Accident Containment Venting System

The Post-Accident Containment Venting System Flow Diagramvas shown in
Figure 6.2-21 consists of one full capacity line through which air can

be admitted to the containment by utilizing a 6ompressor, one'fu]1 capacity
exhaust line through which hydrogen bearing gases may be vented from the
containmenf through HEPA and charcoal filters to the atmosphere, and
associated valving and instrumentation. Equipment data are given fn

Table 6.2.3-2. The system 1sAa backup system to the Hydrogen Recombiner

System (subsection 6.2.5).

Both supply and exhaust lines in the containment are Tocated in missile
protected areas over the total length of the piping run, and are ter-
minated so as to prevent either spray or sump water from entering the
pipe. Pipes and valves used for the supply line are carbon steel. Pipes
and valves used for the exhaust lines are stainless steel. |

#

6.2.3.3 Design'Eva1uat10n

Normal Containm. . Preaccess Filtration and Purge System

Normal containment and preaccess fi]trafjon and purge system duct work
- ins e the containment is ANS Safety Class 3. Ductwork between contain-

ment isolation valves is ANS Safety Class 2.




TABLE 6.2.3-2

POST-ACCIDENT CONTAINMENT VENTING SYSTEM EQUIPMENT

Compressor

Number
Air flow at discharge pressu
Discharge pressure, psig

Horsepower required, bhp

Aftercooler

Number

Heat removal, BTU/hr

Air, cfm

Inlet air temperature, °F
Qutlet air temperature, °F
Water, gpm

Inlet Water temperature, °F
Qutiet Water temperature, °F

Materials

re, cfm

Shell Side

250
10
10.65

1
18,800
Tube Side

250
165.6
100.0

Carbon steel
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Roughing HEPA Charcoal
Filters

Number 1 1 1
Air flow, scfm 1000 1000 1000
Maximum differential pressure

(clean), in. w.g 0.25 1.0 1.0
Maximum. differential pressure

(loaded), in. w.g. 0.5 2.0 1.0

6.2-125




Operation of the system is initiated manually in response to containment
radiation Tevel monitor readings taken in the control room. The air flow
path is established from the control room to provide the recirculation of
air via activated charcoal filters. The system also has the capability

of providing a once through air purge function.

Post Accident Containment Venting System

Piping, fittings, and valves in the supply line and in the exhaust line
starting inside the containment and proceeding up to and including the
isolation valves are ANS Safety Class 2. Equipment and piping beyond
the isolation valves. do not have ANS Safety Class because the rate of
hydrogen accumulation in the containment is low enough to permit repair
of faulty equipment either before or during operation of the venting

system.

Based on the containment hydrogen concentration and the hydrogen genera-
tion rate, the operator will determine the flow rate required to maintain
the hydrogen concentration below maximum limits by venting the containment.
Normally this'will entail about one hour daily. -The operator will then
determine the containment pressure necessary to obtain the required vent
flow. Air will be pumped into the containment until the required con-
tainment pressure is reached. The air supply will then be stopped and

the supply Tline isolated.
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Because the addition of air to pressurize the containment will also dilute
the hydrogen, the containment will remain isolated until analysis of
samples indicate that thé concentration is again approaching the maximum
1imit.  Venting will be performed when meteorological conditions are
favorable by opening the containment exhaust line to the plant vent, and
adjusting the hand controlled throttling valve to obtain the required
flow. Operation will continue under these conditions for about one hour,

and then the system will be shut down. The vent line will be isolated.
6.2.3.4 Test and Inspections

Tests and inspections will be performed to demonstrate the capability

of componénts and the system to perform their assigned functions.

Shop Testing

Tests wiTl be required to demonstrate the following:

1. Carbon filter capabilities for removal of molecular jodine-131

and methyl iodide-131.

2. . Carbon filter iodine collection capability

3. Carbon filter cell leak tightness integrity
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4, Carbon filter flow resistance.

5. HEPA filter efficiency and resistance test to meet UL label

requirements.

Fan performance characteristics tested according to AMCA test

procedures.

System Testing and Inspection

Operational testing will be performed in accordance with Section 14.]
prior to initial startup to demonstrate proper functioning of the system.
Testing will include the following: | |

1. Leak tightness tests of components and systems.
2. System functional test

Thereafter, periodic tests and inspections will be performed to demon-
strate éystem readiness and operability. For the purpose of periodically
testing the retentive capability of the carbon filter, representative
test carbon samples will be placed in the filter housing in locations
which allow the samples to be subjected to the same air flows as the

carbon bed. The samples will be periodically removed and tested.
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6.2.3.5 Instrumentation and Application

Norma1l Containment Preaccess Filtration and Purge System

The following instrumentation is utilized:

1.

Air Flow Alarm - Located in control room.

Containment Pressure - Located in control room. Provision is made

for locally regulating the air supply fan inlet air dampers.

Exhaust Fan Pressure Differential - Located in control room and

locally.

Fire Detector Alarm - Located in control room and locally, detectors
in duct systems with provisions for automatic shutdown of air supply

systems.

"S" Signal Fan Shutdown - Automatic with manual override in control

room.
High-Low Temperature Alarm - Located in control room.

Filter Pressure Differential - Local indication,
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Post Accident Containment Venting System

1. Temperature Indicators
Temperature indicators located in the supply and exhaust lines give
local readout of temperatures of the hydrogen free air beingLadmitted
into the containment and of the containment air being exhausted.

2. Flow Indicators

Flow meters located in the supply and exhaust Tines provide readout

of process flow rates locally and in the control room.
3. Pressure Indicator

A pressure indicator with local and control room readout is provided

in the exhaust line and used to determine that the containment pressure

is suitable for operating the venting system.




6.2.4  CONTAINMENT ISOLATION SYSTEM

6.2.4.1 Design Basis

The Containment Isolation System performs isolation of the various fluid
1ines which penetrate the containment to prevent release of radioactivity

to the environment following a loss-of-coolant accident (LOCA),

In general, all lines which penetrate the containment are provided with
isolation valves in compliance with AEC General Design Criteria 54, 55,

56 and 57.

Criterion 54 - Piping Systems Penetrating Containment

Criterion 54 addresses requirements for leak detection, isolation and
testing of systems penetrating the containment, with respect to redundancy,

reliability and performance capabilities.

The piping systems penetrating the containment are provided with leak de-
tection, isolation and containment capabilities incorporating redundancy,
reliability, and performance capabilities that reflect the importance to
safety of isolating the systems. A test program provides for periodic
testing to determine if valve leakage is within allowable design limits.

and to verify operability of the isolation valves.
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Criterjon 55 - Reactor Coolant Pressure Boundary Penetrating Containment

Criterion 55 addresses lines which are a part of the reactor coolant pres-

sure boundary that penetrate the containment.

The reactor coolant pressure boundary, as defined in ANS Ni8.2, "Nuclear
Safety Criteria for the Design of Stationary Pressurized Water Reactor
Plants", Section 5.4, is that boundary contafning reactor coolant under
operating temperature and pressure conditions. The entire reactor coolant
system pressure boundary, as defined above, is located within the contain-
ment. Thus, there are no lines that form a part of the reactor coolant

pressure houndary that penetrate the containment.

Criterion 56 - Primary Containment Isolation

Criterion 56 addresses lines that connect directly to the containment

atmosphere and penetrate the containment.
These Tines are provided with isolation in compliance with Criterion 56

as follows, with exceptions. The exceptions are addressed to demonstrate

that the isolation provisions are acceptable.
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One locked closed ﬁso}ation valve inside and one Tocked closed

isolation valve outside containment, or

One automatic isolation valve inside and one locked closed isola-

tion valve outside containment, or

One locked closed isolation valve inside and one automatic isola-
tion valve outside containment, (a simple check valve is not

used as an automatic isolation valve outside containment), or

One automatic isolation valve inside and one automatic isolation
valve outside containment. A simple check valve is not used as

the automatic isolation valve outside containment.

Exceptions to Criterion 56 and the alternate isolation means provided and

design basis are as follows:

1.

Containment Pressure Sensing Lines.

These instrument lines serve an engineered safeguards function.

Due to the particular importance of the pressure measurements with

respect to safety, alternate double barriers are provided which




avoid installing isolation valves in the lines as required by
Criterion 56. Sealed instrument sensing lines are utilized. Each
pressure transmitter, located adjacent to the outside of the con-
tainment, is connected to sealed bellows located adjacent to the
inside surface of the containment shell by means of a sealed fluid
filled tube. This arrangement provides automatic double barrier
jsolation without operator action and without sacrificing reliabil-

ity with regard to the safety function of the lines.
2. Containment Sump Recirculation Lines

The containment sump recirculation Tines are utilized during the
. post-accident recirculation phase of emergency core cooling and Con-
tainment Spray System operation. The lines from the containment
sump are each provided with a single remote manual gate isolation
valve. This valve is surrounded by a chamber which is leaktight
at containment design pressure. This chamber is located outside
of the Shield Building. The portion of the 1ine from the sump
to the valve is enclosed in a concentric guard pipe which is also
Teaktight at containment design.pressure. The isolation valve pro-
-vides a barrier outside the containment to prevent loss of sump
water should a Teak develop #n the recirculation line. Should

a leak develop in the valve body or in the 1ine between the sump

and the valve, the fluid is contained by either the Teaktight chamber




or the guard pipe. Since the sump line connection to the sump is
submerged under post-accident conditions, there is no requirement
for a valve inside the containment. The arrangement meets all

. safety requirements and any additional iso1ation valves are un-

necessary.
3. Post-Accident Containment Sampling Lines

Two manual isolation valves, locked closed except during post-LOCA
containment atmosphere sampling, are provided in each tine outside
the containment. The double valve barriers provide the necessary

isolation to prevent release of radioactivity to the environment.

Criterion 57 - Closed Systems Isolation Valves

Criterion 57 addresses Tines that penetrate the .containment and are neither
part of the reactor coolant pressure boundary nor connected directly to

the containment atmosphere.

With the exceptions noted below, 1ines that penetrate the containment and
are neither part of the reactor coolant pressure boundary nor connected
directly to the containment atmosphere are provided with at least one

isolation valve located .outside the containment, which is either automatic,
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Tocked closed or capable of remote manual operation. A simple check valve

is not used as an automatic valve.
‘1. Residual Heat Removal Supply

The residual heat removal Tines from two reactor coolant loops

each éontain two remote manual motor-operated valves, which are
closed during power operation.  The valves are interlocked to
prevent opening when the Reactor Coolant System pressure is greater
than the design pressure of the Residual Heat Removal System. The
second valve, which defines the reactor coolant pressure boundary,

is considered Tocked closed during power operation.

2. Auxiliary Feedwater Lines

The four auxiliary feedwater lines, which connect to the main

feedwater lines prior to containment penetration by the feedwater
Tines, each contain a check valve. The auxiliary feedwater lines |
perform a safety function under accident conditions. The feed- !
water line comprises part of a closed loop inside the containment
which serves as an isolation barrier. The isolation arrangement ]
utilized provides necessary isolation without sacfificing reliabil-

ity with regard to the safety function performed by the lines.
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6.2.4.2 System Design
6.2.4.2.1 Actuation Features

Containment isolation is automatically initiated by signals developed in
the engineered safety features system des;rﬁbed in Section 7.3. Contain-
ment isolation consists of Phase A and Phase B. Phase A isolation signall
(T) is actuated from the safety injection signal (S) or manually

from the control room. Phase B isolation signal (P) is actuated from HI-HI
containment pressure or manually from the control room. The
containment isolation signals override all other automatic control signals
to the isolation valves.. Air operated valves fail to the closed position

on loss of air or control signal.

In addition, the containment purge Tine isolation valves automatically close

upon a high radiation signal in the containment.
6.2.4.2.2. Isolation Valve Arrangements

The isolation valve arrangements for lines penetrating containment are

described below,
Case:A

Isolation valve outside and isolation valve inside (both incoming and
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outgoing lines).

Case B

Isolation valve outside and check valve inside (incoming lines only).
Case C

Isolation valves outside and closed system inside (both incoming and

outgoing lines).

. The requirements for a closed system inside containment include the

following:

1. Must not communicate with either the Reactor Coolant System or

the containment atmosphere.
2. Must be missile protected.
3. Must meet ANS Safety Classification 2.

4, Must withstand external pressure and temperature equal to contain-

ment design pressure and temperature.
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5. Must withstand accident transient and environment.

A summary of the fluid lines penetrating containment, the associated iso-
lation valves and related design information is presented in Table 6.2.4-1.
The 1ines and isolation valves are shown diagrammatically on the respective

system flow diagrams.

6.2.4.2.3 Missile Protection

Isolation valves and associated actuators and controls are protected a-
gainst damage by missiles. Isolation valves inside the containment are

located outside the paths of missiles or provided with missile protection.

6.2.4.2.4 Assurance of Isolation Components Operability

Design features are incorporated to assure isolation component operability.
Isolation components are designed to safety class 2 requirements, seismic
category 1 criteria and are missile protected. Isolation components Tocated
inside the containment are designed to operatevfor the time period required
in the post-LOCA environmental conditions of temperature, pressure, humidity,
and also radiation. In addition, testing and inspection are performed to

assure operability. .
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TABLE 6.2.4-1

CONTAINMENT PIPING PENETRATIONS

Line Status

Mode of Actuation

Valve Type Actuation| Flow Penetrant
System Service Inside | Outside Normal ]| Shutdown JBlackout |Accident] Primary | Secondary] Signal |Direction Line Size
RCS Gas from Pressurizer Air Air Operated Inter- Inter=- Closed Closed Automatic Remote T Out 3/8"
Relief Tank Operated Globe mittent mittent Manual
Globe
RCS Nitrogen Supply to Check Air Operated Inter- Inter- Closed Closed Automatic  Remote’ T In 3/4"
Pressurizer Relief Globe mittent mittent Manual
Tank
RCS Relief Lines to Check Relief Valve Inter- Inter- Inter- Inter- Pressure --- - In 1 o& 2"
Pressurizer Relief Tank -mittent mittent mittent mittent Actuated |
RCS Deadweight Testing -——- " Two Locked Closed Closed Closed Closed Closed Manual —— ——— Out /8"
Line-0Out Globe Valves
RCS Reactor Makeup Water Check Air Operated Inter- Closed Closed Closed  Automatic  Remote T In 3n
Supply to Pressurizer Diaphragm mittent Manual
Relief Tank
CVC Charging Line Check Motor Operated Open Closed As Is Closed  Automatic  Remote S In 3"
Gate Manual .
cve Letdown Line Alr Air Operated Open Closed Closed Closed Automatic  Remote T Out 3"
Operated Globe Manual
Globe
CVC Reactor Coolant Pump Check Motor Operated Open Open As Is Closed  Automatic  Remote T In 2"
L Seal Supply Water Globe Manual
cvce Reactor Coolant Pump Motor Motor Operated Inter~ As Is Closed Automatic Remote T Out 4n
Seal Water Return Operated Gate mittent Manual
Gate and ;
Check
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TABLE 6.2.4~-1

CONTAINMENT PIPING PENETRATIONS

{cont.)

Valve Type Line Status Mode of Actuation | Actuation Flow Penetrant
System Service Inside | Outside Normal | Shutdown | Blackout | Accident| Primary | Secondary| . Signal Direction Line Size
RHR Residual Heat Removal-In Check Motor Operated Closed Open As 1Is Open Automatic  Remote S In a8y
(2) Globe Manual
RHR Residual Heat Removal-Out  Motor -——- Closed Open As 1Is Closed Automatic Remote - Qut 2%
(2) Operated Manual
Gates
SIS SIS Test Line-Out Air Air Operated Closed Inter- Closed Closed Automatic Remote . T Out 3/4"
: Operated Globe mittent ' Manual ' :
Globe
SIS Boron Injection Surge Globe Globe Closed Inter- Closed Cloged Manual -—- - Out A
Tank Drain - Out mittent
SIS High Head Injection Motor Motor Operated Closed Closed Closed Open Automatic  Remote S In 4n
Pumps - In (2) Operated Gate Manual
Gate
SIS High Head Injection Globe Globe Closed Closed Closed Closed  Manual -—— - In IRL
Pumps Test Line ~ In
SIS Safety Injection Pumps-In  Check Motor Operated Closed Closed Closed Open Automatic  Remote - In 4t
to Cold Legs Gate :
SIS Safety Injection Pumps-In  Check Motor Operated Closed Closed Closed As Remote -- - In 4n
to Hot Legs (2) Gate Required Manual
SIS Nitrogen Supply to Check Air Operated Closed Inter- Closed Closed Automatic  Remote T In IR
Accumulators Globe mittent Manual
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TABLE 6.2.4-1
CONTAINMENT PIPING PENETRATIONS (cont.)

Line Status

Valve Type Mode of Actuation | Actuation| Flow Penetrant .
System Service Inside |outside Normal | Shutdown | Blackout [ Accident | Primary | Secondary, Signal Direction Line Size
CSS Containment Spray-In Check Motor Operated Closed Closed Closed Open Automatic Remote P In 8"
(4) Gate Manual
CsS Containment Spray System Guard Motor Operated Closed Closed Closed Open Automatic  Remote - Out 12t
Out From Sumps Pipe Gate Manual
ESW Reactor Coolant Pump Motor Motor Operated Open Open Open Closed Automatic Remote P In 4"
Thermal Barrier Water Operated Butterly Manual
Supply (For Blackout) Butterfly
ESW Reactor Coolant Pump Air Air Operated Open Open Open Closed Automatic Remote P Out 4"
Thermal Barrier Water Operated Globe Manual
Return (For Blackout) Globe
CAS Service Air Check Locked Closed Closed Inter- Closed Closed Manual -——- -—- In 3"
Globe mittent
CAIL Instrument Air Check Air Operated Open Open Open Closed Automatic  Remote P In "
Globe Manual
CcCcwW Component Cooling Check Motor Operated Open Open As Is Closed Automatic  Remote P In 20"
Watexr Supply Butterfly ' Manual
ccw Component Cooling Motor Motor Operated Open Open As Is Closed Automatic Remote P Out 20"
Water Return Operated Butterly Manual
Butterfly
WTL Nitrogen to Reactor Air Air Operated Inter- Inter- Closed Closed Automatic Remote T In 3/4"
Coolant Drain Tank Operated Diaphragm mittent mittent Manual
Diaphragm
WTL Reactor Coolant Drain Air Air Operated Inter- Inter- Closed Closed Automatic Remote T Out 3"
Pump Discharge Operated Diaphragm mittent mittent Manual
Gate
WTL Containment Sump Pump Air Air Operated Open Open Closed Closed Automatic Remote T Out 2"
Discharge Operated Diaphragm Manual
Diaphragm
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TABLE 6.,2,4-1

CONTAINMENT PIPING PENETRATIONS (cont.)

Mode of Actuation

Valve Type Line Status Actuation|] Flow Penetrant
System Service Inside putside Normal | shutdown |Blackout Y Accident | Primary | Secondary Signal Direction Line Size
NSW Non-Essential Service Check Air Operated Open Open Closed Closed Automatic Remote T In 3¢
Water to Upper Compart=- Diaphragm Manual
ment Fan Coolers
NSW Non-Essential Service Air Air Operated Open Open Closed Closed  Automatic  Remote T Out 3"
Water from Upper Compart- Oparated Diaphragm Manual
ment Fan Coolers . Diaphragm
NSw Non-Essential Service Check Air Operated Open Open Closed Closed Automatic  Remote T In AL
Water to Instrument Diaphragm Manual
Room Coolers
NSW Non-Essential Service Air Air Operated Open Open Closed Closed Automatic  Remote T Out A
Water from Instrument Operated Diaphragm Manual
Room Coolers Diaphragm
NSW Non-Essential Water Motor Motor Operated Open Inter- As Is Closed Automatic  Remote T In lo"
Supply to Reactor Operated Butterfly mittent Manual
Coolant Pump Motor Butterfly
Coolers
NSwW Non-Essential Water Motor Motor Operated Open Inter- As 1Is Closed  Automatic  Remote T Out 1o"
Supply from Reactor Operated Butterfly mittent Manual
Coolant Pump Motor Butterfly
Coolers
PAS Post Accident Air - Two Manual Closed Closed Closed Inter-  Manual - ——- In 3/4"
Recirculation PumpS Diaphragm mittent
Return (2) Valves
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TABLE 6.2-4-1

. CONTAINMENT ISOQLATION PENETRATIONS (cont,)

Valve Type Line Status Mode of Actuation Actuation| Flow Penetrant
System Service Inside Qutside Normal ]Shutdowg;lBlackout JAccident | Primary | Secondary Signal Direction Line Size
PAS Post Accident Air -—- Two Manual Diaphragm Closed Closed Closed Inter- Manual -—— -——- Out 3/4"
Recirculation Fans Valves mittent
Sample Outlet (2)
PAS Sample Point #1 at -—- Two Manual Diaphragm Closed Closed Closed Inter-  Manual -—- —-—- Out 3/4"
Ice Condenser Door Valves mittent
PAS Sample Point #2 at -— Two Manual Diaphragm Closed Closed Closed Inter- Manual ——- -—- Out 3/4"
Ice Condenser Door Valves mittent
PAS Sample Point #3 at --- Two Manual Diaphragm Closed Closed Closed Inter- Manual --- --- Out 3/4"
Ice Condenser Door Valves mittent
HVC Post Accident Contain- Motor Motor Operated Closed Closed Closed Inter-  Remote --- - In 8"
ment Venting System- Operated Diaphragm mittent Manual
In Diaphragm
HVC Post Accident Contain- Motor Motor Operated Closed Closed Closed Inter- Remote - -—— Out 3"
ment Venting System- Operated Diaphragm mittent Manual
Out Diaphragm
HVC Purge Air-Inlet Air Air Operated Inter- Open Closed Closed  Automatic Remote T In 12"
(Instrument Room) Operated Butterfly mittent Manual
Butterfly
HVC Purge Air-Outlet Air Air Operated Inter- Opemn. Closed Closed Automatic Remote T Out 12"
(Instrument Room) Operated Butterfly mittent Manual
Butterfly
HVC Purge Air-Inlet Air Air Operated Inter- Open Closed Closed Automatic Remote T In 24"
(Lower Compartment) Operated Butterfly mittent Manual
Butterfly
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TABLE 6.2.4-1
CONTAINMENT PIPING PENETRATIONS (cont.)

Valve Type Line Status Mode of Actuation Actuation Flow Penetrant
System Service Inside lOutside Normal ] Shutdown | Blackout | Accident | Primary | Secondaryl Signal Direction Line Size
HVC Purge Air-Outlet Air Air Operated Inter- Open Closed Closed Automatic Remote T,HRS(l) Out 24"
(Lower Compartment Operated Butterfly mittent Manual
Butterfly
HVC Purge Air-Inlet Air Air Operated Inter- Open Closed Closed Automatic Remote T,HRS(l) In 30"
(Upper Compartment) Operated Butterfly mittent Manual
Butterfly.
HVC Purge Air-Qutlet Air Air Operated Inter- Open Closed Closed Automatic  Remote T,HRS(l) Out 30"
(Upper Compartment) Operated Butterfly mittent Manual
Butterfly
HVC Containment Vacuum Air Check Open Open Closed Closed Automatic  Remote T In 24"
Relief (&) Operated Manual
Butterfly
ICR Glycol Solution to Motor Motor Operated Gate Open Open As Is Closed Automatic  Remote T In 4"
Ice Condenser Air Operated Manual
Handling Units Gate
ICR Glycol Solution from Motor Motor Operated Gate Open Open As Is Closed Automatic  Remote T Out 4n
Ice Condenser Air Operated Manual
Handling Units Gate
(1)HRS= Containment High Radiation.Signal
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. TABLE 6.2.4-1
CONTAINMENT PIPING PENETRATION (cont.)

Valve Type Line Status Mode of Actuation | Actuation Flow Penetrant
System Service Inside | Outside Normal | Shutdown | Blackout | Accident Primary | Secondary Signal Direction Line Size
SGB Steam Generator Blowdown Air Air Operated Globe Open Closed Closed Closed Automatic Remote T Out 2"
Lines (4) Operated Manual
Globe
SSR Sample Line from Air Air Operated Globe Inter- Closed Inter- Closed Automatic Remote T Out 3/8"
Pressurizer Liquid Operated mittent mittent Manual
Space Globe
SSR Sample Line from Air Air Operated Globe Inter- Closed Inter- Closed Automatic Remote T Out 3/8"
Pressurizer Steam Operated mittent mittent Manual
Space Globe
SSR Sample Lines from Air Air Operated Globe Inter- Inter- Inter- Closed Automatic Remote T Out 3/8"
Pressurizer Steam Operated mittent mittent mittent Manual
Loops (2) Globe
SSR Sample Lines from Air Air Operated Globe Inter- Closed Inter- Closed Automatic Remote T Out 3/8"
Accumulators (4) Operated mittent mittent Manual
Globe
. AXS Auxiliary Steam-In Locked Locked Closed Gate Closed Open Closed Closed Manual -—- - In 2"
: Closed
Gate
AXS Auxiliary Steam-Out Locked Locked Closed Gate Closed Open Closed Closed Manual - -—- Qut 2"
Closed
Gate
CFW/ Main Feedwater/Auxiliary - Check/Check Open/ Closed/ Closed/ Cloéed/ Automatic/ --- --- In/ 16"
AFW Feedwater-In (4) Closed Closed Open Open Automatic ‘ In
1
MNS Main Steam-Out --- Air Piston Swing Open Closed Open Closed Automatic Remote S,MSLIS( ) Out 32"
Disc Stop Manual
(1)Main Steam Line Isolation Signal
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A1l air-operated isolation valves fail closed upon loss of air or signal,

thereby performing the isolation function.
Power operated valves can be manually operated from the control room.

The integrity of isolation components under the dynamic forces resulting

from inadvertent closure is assured by calculational analysis. The time-
histories of pressure in the isolation component resulting from sudden
inadvertent closure are determined. Analyses are then performed to deter-
mine the resulting component displacement stresses and support and re-
straint reactions. The type and location of component support and restraints

are established to accommodate the resultant forces.

6.2.4.3 Design Evaluation

Design features are incorporated to assure performance of containment iso-
lation upon actuation by either the engineered safeguards signal or high
radiation signal in the containment. Redundance and independence is incor-
porated. Testing of the isolation components' operability and Teaktightness

assure reliable isolation.
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6.2.4.4 Tests and Inspections

Tests and inspections performed on containment isolation components are
described in the Technical Specifications. The tests and inspections
assure the leaktightness integrity of the containment and isolation com-

ponents and the operatility of automatic and remote manual valves.
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6.2.5 COMBUSTIBLE GAS CONTROL IN CONTAINMENT

Control of the post-LOCA hydrogen concentration in the containment is
provided by the Containment Hydrogen Recombiner System (CHR). In addition,
the Post Accident Containment Venting System described in subsection 6.2.3

is provided as a secondary means of hydrogen control.
6.2.5.1 . Design Basis

The design basis of the Containment Hydrogen Recombiner System is removal
of hydrogen by the recombination process as required to meet both the
Westinghouse-TID hydrogen generation model and the AEC-TID re1ea$e model.
The AEC-TID release model assumes a value of 5 percent zirconium-water
reaction and assumes that the hydrogen concentration should not exceed

4 percent by volume as specified in AEC Safety Guide No. 7.

The Westinghouse TID model assumes the fission product activity release
specified in TID-14844 and 2 percent zirconium-water reaction. This model
is based on the requirement that an average hydrogen concentration of 2
percent by volume is not exceeded. The recombiner units are designed for
the containment environment conditions given in Table 6.2.5-1. ANS Safety

Classification and ASME Code requirements are shown in Table 3.2-1.
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TABLE 6.2.5-1

CONTAINMENT ENVIRONMENT DESIGN DATA

Normal Conditions

Temperature, Of
Pressure, psig
Humidity, per cent (relative humidity)

Radiation, rads/hr

Post-Accident Conditions

Temperdture, OF

Pressure transient, maximum, psig
in 10 seconds

Pressure, psig
Humidity, per cent (relative humidity)

Radiation

Containment spray solution
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100

250 maximum (first day)
155 thereafter

15
15 maximum (first day)
100

2 X 108 rads, total dose
dose 6

5 x 10" rads/hr,

maximum rate

2000 ppm boric acid
with NaOH added to
pH 10.5




6.2.5.2 System Design

The system consists of two redundant recombiner units located inside the
containment in the upper compartment_and two associated control panels
lTocated outside the containment in the auxiliary area which is accessible
following a LOCA. The recombiner design parameters are presented in Table

6.2.5-2.

Following a LOCA, hydrogen is assumed to be generated inside the contain-
ment by the mechanisms of radiolysis, zirconium-water reaction and corrc-
sion. The hydrogen recombiner unit recombines the free hydrogen in the
containment atmosphere with available oxygen, thereby providing a means

to 1imit the hydrogen level from reaching flammable 1imits. BaSica11y,'
the recombiner utilizes conventional electric heaters to heat a continuous
flow of containment air above the hydrogen-oxygen reaction temperature

causing recombination to occur.

The hydrogen recombiner is shown in Figure 6.2-22. The unit, which has

no moving parts, consists of an inlet preheater section, a heater-recom-
bination section, and a mixing chamber. The preheater section consists

of a shroud placed around the heater section which functions to increase
unit efficiency by reducing heat losses and drying the air before it reaches
the heater section. The heater section consists of five assemblies of

electric heaters stacked vertically. Each assembly contains 60 indjvidual
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TABLE 6.2.5-2

" CONTAINMENT HYDROGEN RECOMBINER

"'DESIGN PARAMETERS

Power, kW (3-phase, 480 volts) ' 75
Capacity, scfm 100
Heaters:
Number ' 5
Surface area/heater, sq. ft. 35
Average heat transfer coefficient
Btu/hr. -sq. ft., OF 2.5
Maximum heat flux, Btu/hr, -sq. ft. , | ,
or watts/sq. in. Lo 3.3
Maximum sheath temperature, OF - 1550

Gas Temperatures
Inlet, °F 80-250
Outlet of heater section, OF 1150-1400
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U-type heaters. The heaters are conventional type e]ectric resistance
heaters sheathed with IncolonSOO. The ﬁeatérs are designed to operate
with sheath temperature achieved with certain commercial heaters; however,
the recombiner heaters operate at significantly lower power densities than
is commercial practice. Protection of the recombiner internals from

containment spray water impingement is afforded by the unit outer enclosure.

Containment air is drawn into the recombiner by natural convection passing

first through the preheater section where preheating of the air occurs.

 The warmed air then passes through a fixed orifice plate used to regulate

';the air flow rate and then enters the electric heater section. In the

heater section, the temperature of the air is raised: to a level sufficient
to cause recombination of free hydrogen and oxygen to occur (approximately
11500F). The flow then enters the mixing chamber where the hot stream

from the heater section is mixed and diluted with cooler containment air
for cooling priof to discharge back to the containment atmosphere. Tests
have verified that recombination is not a catalytic surface effect associ-
ated with the heaters, but occurs due to the increased temperature of the
process gases. Since the phenomenon is not a catalytic effect, satﬁration

of the unit by fission products does not occur.
Assured power to the recombiners during an accident is redundantly

supplied from the emergency diesel generators with control available at

the recombiher control panels. The contrel panels contain an isolation
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transformer and a controller to regulate power to the recombiner. The .
panels, located outside the containment, are not exposed to the post-LOCA-

containment environment. For recombiner testing, a'thermOCOUp1e'readoUt

indicator is provided in the control room to monitor the recombiner tempera-

ture.

Results of recombiner prototype testings are given in WCAP 7820, Supp]émeht

1, "Electrical Hydrogen Recombiner for Water Reactor Containments," May 1972.

Sampling of the containment atmosphere to determine the post-LOCA hydrogen
concentration is performed by the Containment Post-Accident Sampling System,

subsection 9.3.4.

Mixing of the containment atmosphere is performed to preclude unacceptable
localized concentrations of hydrogen within the containment. The contain-
ment air return fans are utilized to circulate air via air distribution -

headers to varibus containment locations.
6.2.5.3 Design Evaluation

Analysis of hydrogen generation following a LOCA indicates that although

the hydrogen production rate deereases with time following the accident,
total hydrogen éccumulatibn can exceed thé regulatory limit of 4 volume pér¥
cent.. Thus, cdntro] measufeé are necessary to brec]Ude hydrogen accumulation

to this limit. Figure 6.2-23 and Figure 6.2-24 show hydrogén accumulation




in the containment based on the Westinghouse Model and on the AEC Safety

Guide No. 7 model respectively.

The recombiners preclude the hydrogen concentration reaching the regulatory
1imit. Each recombiner is capable of continually processing a minimum
of 100 scfm of containment air. The maximum hydrogen concentration is
maintained less than 4 volume percent, if one recombiner is started one day
after the accident. Thus the redundancy of the two recombiners is estab- .

lished.
6.2.5.4 Tests and Inspections

Peroperational testing of the recombiners by applying power to the heaters

and monitoring the unit temperature is performed prior to reactor operation.

6.2.5.5 Instrumentation Application

Recombiner operation following an accident does not require any instrumen-
tation inside the containment. Proper recombiner operation after an acci-
dent is assured by measuring the amount of electrical power to the recom-
biner which is performed outside the containment at tﬁe recombiner con-
trol panels. Propér amount of air flow through the reéombiner is fixed

by an orifice plate requiring no instrumentation.
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6.3 EMERGENCY CORE COOLING SYSTEM

This section is presented in RESAR 3, Section 6.3 with the following ad-

ditional information and modifications:
1. Information for the four loop plant is applicable.
2. System Arrangement

' The»Emergeﬁcy Core Cooling System (ECCS) components and piping
outside the shield building are located in safeguard compartments
and tunnels as shown on Figures 1.2-1, 1.2-2 and 1.2-3. Redundant

. system pump and piping trains are Tocated in separate compartments
and piping tunnels. Four separate compartments ahd four associated
piping tunnels are provided. Major component location outside the

containment is as follows:

a. Safeqguard Compartment No. 1

- High head safety injection pump No. 1

Residual heat removal pump No. 1

" b. Safequard Compartment No. 2

. Safety injection pump No. 1
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Residual heat removal pump No. 2.

c. Safeguard Compartment No. 3

Safety injection pump No. 2.

d. Safeguard Compartment No. 4

High head safety injection pump No. 2.

The separation of redundant equipment and flow paths ensures con-

tinued core cooling, even in the event of a component failure or .

leakage from a train. The system suction piping from the refueling
water storage tanks and the containment sumps are described in
Section 6.2.2.7. The suction piping from the four containment
sumps consists of four separate lines routed in separate safe-

guard piping tunnels.
Modifications to RESAR 3

The flow diagram of the Emergency Core Cooling System (ECCS) is

presented in Figure 6.3-1.

a. High Head Safety Injection Pumps




The centrifugal charging pumps do not comprise part of the
Emergency Core Cooling System. The high Head safety injection
pumps reb]ace and perform the emergency core cooling function
of the charging pumps. The pumps are identical in design to
the charging pumps and serve no function other than the émer-

gency core cooling function.

The high ﬁead safety injection pumps are-ncrma11y aligned to
take suction fkom the refueling water storage tanks for the
injection mode of emergency core cooling. At the te}mination
of the injection mode, suction switchover to the containment
sumps is performed by the control room operator. During the
recirculation mode, the pumps take suction directly from the
containment sumps. The flow 1n~each of the two high head
safety pump trains is indicated in the control room. Adequate

pump net positive suction head is available.

This modification applies to the following RESAR-3 Sections
and Tables.

SECTIONS TABLES

6.3.2.1.4 6.3.3.1.5 6.3-1 through 6.3-9
6.3.2.2.1 6.3.3.6 6A-1
6.3.2.2.2 6.3.3.7 6A-2
6.3.2.2.3 6.3.3.9

6.3.2.2.4 6.3.4.2

6.3.2.2.6 6.3.4.3

6.3.3.1.3 6.3.5.3

6A.3.1
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Residual Heat Removal Pumps and Heat Exchangers Functions

The reSidua] heat removal pump-heat exchanger trains do not operate
during the recirculation mode. Component cooling water supply to
the heat exchangers is isolated during emergency core cooling-
operation. Emergenéy core cooling flow during the recirculation
mode is supplied by the safety injection and high head safety

injection pumps.

A pump minimum flow bypass line is provided on each residual
heat removal pump discharge to.recirculate flow to the refueling
water storage tanks should the Reactor Coolant System pressure
be above the pump's shutoff head. A motor operated isolation
valve is provided in this Tine which is interlocked to permit

opening only after actuation of a safety injection ("S") signal.

Containment heat removal via containment sump water recirculation

is performed by the Containment Spray System, Section 6.2.2.7.

This modification applies to the.following RESAR-3 Sections and

Tables:
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SECTIONS “TABLES
6.3.2.1.4 6.3.3.1.3 6.3-4
6.3.2.1.5 6.3.3.1.5 6.3-5
6.3.2.2.2 6.3.3.6 6.3-6
N 6.3:2.2.3 6.3.3.7 6A-2
6.3.2.2.6 6.3.3.7.1
6.3.5.3

€. Boron Injection Tank and Associated Equipment Location

The boron injection tank and associated boron injection surge
taﬁk, boron injection recirculation pumbs, piping, valves,
heat tracing and instrumentation are located inside the con-
tainment. The boron injection tank design .and associated
isolation piping and valves are compatible with the post-
accident containment environment for the period they are re-
quired to be operable. The surge tank, recirculation pumps,
heat tracing, instrumentation and other valves and piping are
not required to remain operable during emergency core cooling

system operation.
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This modification applies to RESAR-3, Sections 6.3.2 and
6.3.3.10.

Cooling Water Supply to ECCS Pumps for Seal Cooling

The Essential Service Water System (Section 9.2.2) supplies
assured cooling water to the residual heat removal, safety
injection and high head safety injection pumps during emer-

gency core cooling operation for pump seal cooling.
This modification applies to RESAR 3, Section 6.3.3.7.1.
Refueling Water Storage Tanks

The refueling water storage tanks comprise part of the Con-
tainment Spray System, Section 6.2.2.7. Two 175,000 gallon
 (useable) capacity tanks are provided. The tanks are connected
via lines with equal pressure drops to a éommon discharge
header which assures that both tanks are emptied at the same
rate. Two water level indicator channels, with read-out in

- the control room, are provided.  Each channel-alarms on both

Tow and low-low water levels.

This modification applies to RESAR-3, Section 6.3.5.4 and
Table 6.3-1.




Containment Sump Water Level Indicator

The containment sump water level instrumentation comprises
part of the Containment Spray System, Section 6.2.2.7. Four
containment sumps are provided, each with a sump water level
indicator channel. Indication is provided in the control room.
This modification applies to RESAR-3, Section 6.3.5.4.

Changeover from Injection Mode to Recirculation Mode

The sequence of changeover from the injection mode to the

circulation mode is delineated in Table 6.3-4.

This modification applies to RESAR-3, Section 6.3.2.2.2 and
Table 6.3-4.

Single Fajlure Analysis

Single failure analyses for the Emergency Core Cooling System

is presented in Tables 6A-1 and 6A-2.

This modification applies to RESAR-3, Section 6.3.3.1.5 and
Tables 6A-1 and 6A-2.




TABLE 6.3-4
SEQUENCE OF CHANGEOVER FROM INJECTION

"~ MODE TO RECIRCULATION MODE

The following is the changeover sequence for terminating the injection mode

and initiating the recirculation mode.

1. Stop residual heat removal pump No. 1.

2. Stop residual heat removal pump No. 2.

3. Stop high head safety injection pump No. 1.

4. Close high head safety injection pump No. 1 suction valve in line

from the refueling water storage tanks.

5. Open containment sump valve in sump 1ine No. 1.

6. Start high head safety injection pump No. 1.

7. Stop safety injection pump No. 1.

8. Close safety injection pump No. 1 suction valve in 1ine from the

refueling water storage tanks.
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10.
11.

12.

13.
14.
15,

16.

17.

18.

TABLE 6.3-4 (CONT.)

Open containment sump valve in sump line No. 2.
Start safety injection pump No. 1.
Stop safety injection pump No. 2.

Close safety injection pump No. 2 suction valve in line from re-

fueling water storage tanks.

Open containment sump valve in sump 1ine No. 3.
Start safety injection pump No. 2.

Stop high head safety injection pump No. 2.

Close high head safety injection pump No. 2 suction valve in line

from the refueling water storage tanks.
Open containment sump valve in sump 1ine No. 4.

Start high head safety injection pump No. 2.
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TABLE '6A-1

SINGLE ACTIVE FATLURE ANALYSIS FOR EMERGENCY CORE COOLING SYSTEM COMPONENTS

SHORT TERM PHASE

Component Malfunction
A. Accumulator -
o B. Pump
w
é; 1. High head safety injection Fails to start
2. Safety injection Fails to start
3. Residual heat remoVa] Fails to start

C. Automatically Operated Valves
1. Boron injection tank isolation

a. InIet Fails

b. Outlet Fails

to open

to open

Comments

Totally passive system. Hot-
susceptible to active failure.

Two provided. Evaluation based
on operation of one.

Two provided. Evaluation based
on operation of one.

Two provided. Evaluation based
on operation of one.

Two parallel lines; one valve in
either Tine required to open.

Two parallel lines; one valve in
either Tine required to open,
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TABLE 6A-1 (cont'd)

SINGLE ACTIVE FAILURE. ANALYSIS FOR EMERGENCY CORE COOLING SYSTEM COMPONENTS

Valves Operated from Control Room

for Recirculation
1. Containment sump line
recirculation isolation

2. Safety injection pump
suction line from refueling
water storage tanks

3. High head safety injection

~pump suction Tine from re-
fueling water storage tanks

Pumps

1. High head safety injection

2. Safety Injection

LONG TERM PHASE

Fails to open Four parallel sump Tines: valves
in three Tines result in suffi-
cient flow.

Fails to close Check valve in series with gate
valve; operation of only one
valve required.

Fails to close . Check valve in series with gate
valve; operation of only one
valve required.

Fails to operate
Three of the four pumps deliver

Fails to operate adequate flow.
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TABLE 6A-2

EMERGENCY CORE_COOLING SYSTEM RECIRCULATION PIPING PASSIVE FAILURE ANALYSIS

Flow Path

Recircu?atioﬁ Mode

From containment sumps to
the high head safety injection
and safety injection pumps

LONG TERM PHASE

Indication of Loss of Flow Path

Alternate Flow Path

Accumulation of water
in a safeguard compart-
ment

Via the other three inde-
pendent ECCS pumps trains
located in separate safe-
guard compartments.




6.4 OTHER ENGINEERED. SAFETY FEATURES

6.4.1 - AIR RETURN FANS

6.4.1.1 Design Basis

The function of the air return fans is to assure rapid return of air to the
Tower compartment after. the initial loss-of-coolant blowdown. The design basis
of the fans is to assure containment pressure reduction to less than 6.0

psig within six minutes for the case where steam generation by residual

energy is not terminated by -the Emergency Core Cooling System. If the
Emergency Core Cooling System functions as designed, the air return fans

are not required. Two fans are provided, each with the capability to per-

form the assigned function.
6.4.1.2 System Design and Operation

Air return fans, Tocated in the upper containment compartment, are provided
to blow air from the upper compartment through a portion of the equipment
compartments located outside the crane wall and then into the Tower com-
partment. Two full capacity fans are provided, each with the capability

to perform the assigned function. Each fan has a capacity of 40,000 cfm.

Both fans are started by the containment spray actuation signal, The fans

blow air from the upper compartment to the Tower compartment through the
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equipment annulus outside the crane wall. A non-return valve is provided ‘
at the discharge of each fan to prevent reverse flow. Flow enters the lower

compartment through ports in the fan room crane wall énd is ducted to the

Steam Generator enclosures and the reactor vessel cavity. After dischérge

into the lower compartment, the air flows with the steam produced by residua}

heat through the ice condenser doors into the ice condenser compartment

where the steam portion of the flow will be condensed.

'The air return fans haQe sufficient head to overcome the divider barrier.
differential pressure resulting from the residual heat steam flow and fan
air flow entering the ice condenser through the lower doors. The fans
can be powered by either normal or emergency power. Fan design is com-

patible with operation in a post-accident containment environment.

6.4.1.3 Design Evaluation

The analysis in Section 6.2.1.3.3.3, Long Term Containment Performance,

shows the capability of the air return fan to reduce the containment pres-

sure to 6 psig within six minutes.

6.4.1.4 Tests and Inspections

Tests and inspections will be performed to assure the capability of the

air return fans to perform the assigned function.

6.4-2




Shop Testing

Air return fans'performance characteristics will be tested according to

AMCA test procedures.

Inplace Testing and Inspections

Testing will be performed prior to initial startup to assure proper opera-
tion of each air return fan. Thereafter, periodic tests and inspection
will be performed to demonstrate system readiness and and operability.
6.4.1.5 Instrumentation and Application

There is no process instrumentation associated with the air return fans.

6.4.2  ANNULUS FILTRATION SYSTEM

6.4.2.1 Design Bases
This system is designed to:

1. Collect and filter radioactive iodine and particulates from con-

tainment Teakage to the annulus during accident conditions.
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2.. Relieve the post accident pressure increase due to thermal expansion .
of air in the annulus between the containment and shieid building
and pipe penetration areas housing engineered safeguard and mechanical

systems piping.
6.4.2.2 System Design
The system consists of two redundant 100% capacity fan filter trains as
shown in Figure 6.4-1. Each train consists of a heater, HEPA filter,
charcoal filter, fan and associated dampers, ducting and instrumentation.

Equipment data are presented in Table 6.4-1.

The heater consists of an electric heating element capable of increasing

the temperature of the incoming air by a sufficient amount to assure the
air humidity is no greater than 70% relative to saturation prior to enter-
ing the filter train. The electric heating elements are supplied from

separate engineered safequards buses.

Charcoal filters are type BC 727 or equivalent having design efficiencies
at 70 percent relative humidity of 95.0 percent for removal of methyl
jodine and 95.0 percent for removal of elemental iodine. Pressure drop is

1.15 inches of water at 45 fpm superficial air velocity.

Each fan is a full-capacity centrifugal fan. Each fan is supplied from a

separate engineered safeguards bus.
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TABLE 6.4-1

ANNULUS FILTRATION SYSTEM

Fans
Number 2
Type Centrifugal, SWSI
Drive Multiple
Capacity per fan, scfm 8000
Total static pressure, in/wg 8
Motor size, H.P. 20
Heater
Number 2
Heating capacity, kw 40
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TABLE 6.4-2

CONTAINMENT ANNULUS VENTILATION AND FILTRATION

Materials of Construction:

Air Plenums
Ductwork

Dampers

Fans

Absolute Filters
Prefilters

Charcoal filters

Carbon Steel, protective finish
Carbon Steel, protective finish
Carbon Steel, protective finish
AT1 steel construction

Same as Table 9.4.2-

Same as Table 9.4 2

Same as Table 9.4-2-2

6.4-6




Each filter is sized adequately to accommodate the fission products re-

leased to the annulus following any of the postulated accidents.
6.4.2.3 Safety Evaluation

The Annulus Filtration System safety class and code class requirements
are presented in Table 3.2-1. A failure analysis of the system is given

in Table 6.4-3.

During normal plant operation one exhaust fan operates constantly on by
pass of the charcoal filters which are normally isolated from the air
stream. At this time the annulus is maintained at a negative pressure of
2 inches water. In the event of a LOCA the "S" signal actuates system
operation with flow through both filter trains. Since the post-accident
thermal expansion of air in the annulus causes & pressure increase of 1.5
inches water the annulus pressure reaches a negative pressure of approxi-
mately 0.5 inch water, but remains negative and thus prevents leakage

from the annulus through the shield wall to the atmosphere.

After the thermal transient passes (within 2 minutes) the safeguards piping
tunnel and compartments, and piping penetration room are placed in communi-
cation with the annulus space via the pipe penetration exhaust dampers which
open automatically. The. volume of air exhausted is automatically minimized

by recirculating part of the air as shown.

6.4-7




TABLE 6.4-3

'ANNULUS'FILTRATION’SYSTEM'MALFUNCTION ANALYSIS

Component

Malfunction

‘Comments & Consequences

Annulus Filtration
Train

Annulus Filtration
Filter Train

Annulus Filtration
Heater

Component Damper

Filter Train
Isolation Dampers

Filter Train By-
pass Damper

Recirculation Air
Damper

Annulus System to
Plant Vent Damper

.. System Controls -

Fan fails to start

or stop running and
cannot be restarted.

Filter failure

Heater failure

Fails to open

Fails to open

Fails to close

Fails to close

Fails to open

Fails to operate

6.4-8

Two full-capacity fans pro-
vide redundancy. Fan dis-
charge damper closes by
gravity to prevent
uncontrolled recirculation
of air.

Two full-capacity filter
trains provide redundancy.

Two full-capacity heaters
provide redundancy.

Two full capacity dampers

- provide redundancy.

Two full capacity filter
trains and fans provide
redundancy.

Two dampers in series pro-
vide redundancy

Two dampers in series pro-
vide redundancy.

Two full capacity systems
provide redundancy.

Controlled devices take
fail safe positions. Re-
dundant system provides
necessary exhaust function.




Component

TABLE 6.4-3 CONT.

Malfunction

Comments & Consequences

10.

11.

System Exhaust Fan

Crossover Damper

Fails to continue
operating

Fails to open

6.4-9

Crossover damper provides
removal of iodine decay .
heat from charcoal filter.

Two full capacity dampers
provide redundancy.




Both air flow and pressure differenfTaTs'acrds§;£he filter trains are

indicated in the control room.
The air in the annulus is not heated or circulated during normal operation.
The tﬁermal'téup1ing-atnthe steel cdnfainment is. adequate to maintain the
minimum air témperéture above 32°F during normal and shutdown conditions.
6.4;2.4' Tést§'dng Inspections
Tests and inspections will be performed tc assure the capability of com-
ponents and the system to perform their assigned functions.
6.4.2.4.1 Shop Testing
Tests will demonstrate the following:

1. Carbon filter capabilities for removal of molecular iodine-131 and

methyl iodide-131.

2. Carbon filter iodine collection capability

3. Carbon filter cell leak tightness integrity
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4. Carbon filter flow resistance

5. HEPA filter efficiency and resistance test to meet UL label require-

ments.

6. Fan performance characteristics tested according to AMCA test

procedures.

6.4.2.4.2 System Test and Inspection

Operational testing will be performed in accordance with Section 14.1 prior
to initial startup to demonstrate proper functioning of the system. Test-

ing will include the following:

1. Leak tightness tests of components and systems

2. System functional test |

Thereafter, periodic tests and inspections will be performed to demonstrate
system readiness and operability. For the purpose of periodically testing
the retentive capability of the carbon filter, representative test carbon
samples will be placed in the filter housing in locations which allow the
samples to be subjected to the same air flows as the carbon bed. The

samples will be periodically removed and tested.
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6.4.2.5 Instrumentation and Application

The - following instrumentation is used:

1. Containment Pressure
Two -of the four containment -pressure transmitters (see Section-7.3).
through bistables are used to actuate the annulus Filtration System
on high containment pressure. High pressure alarms and indicators

are located in the control room.

2. Annulus Pressure
A pressure indicator is provided in the control room. Additionally,

a pressure controller operates the control air dampers to provide

the required sequence of operation prior to and following LOCA to
maintain the required vacuum condition while minimizing the exhaust-

volume.

3. Filter Train Differential Pressure
. A pressure transmitter is provided to measure the differential
pressure across the filter train. Indication is provided in the

.control room.

4. Air Flow Meter

A flow transmitter is provided to measure the flow in.the‘inlet

header to the annulus filtration fans. Indication is provided in

the control room.

6.4-12




Energy Rate (millions of BTU'S/SEC)

S0

l - |

1O 15 20

Time (seconds)

Rate of Energy addition to the
containment during blowdown

11/1/772 ‘ Figure 6.2-1

25




Total Energy Discharged (millions of BTU'S)

400

300

200

100

I | |

10 15 20 25

Time (seconds)

Total energy addition to the con-
tainment during blowdown

11/1/72 Figure £,2-2




1,000 -

100 -

Energy Release Rate (Thousands of BTU's/SEC)

| 1 | L
10 100 1,000 10000 100,000

Time (Seconds)

Rate of energy release to the con-
tainment, from all sources, during
the first day after blowdown

11/1/72 Figure: 6.2-3




L)OOO -

100}

Total Energy Discharged (millions of BTU'S/SEC)

1 t |
100 1000 10000 100000

Time (Seconds)

Total energy addition to the contain-
ment from all sources, during the first
day after blowdown

11/1/72 Figure 6.2-4




FAN COMPARTMENT
28

FAN COMPARTMENT

e

s A

PLAN AT EQUIPMENT ROOMS ELEVATION
11-1-72  Fig. 6.2-5



25
UPPER COMPARTMENT

TOP OF ICE 25
24,21,18,15,12 | 9
25
23,20,17,14,11
8 25
22,09,16,13,10 |, .
i _ 29 e GATE
|-
1,2,3,4,5 & ¥
6 25
26,27
28,30
31,32 REFUELING
33 CANAL
'} !
SECTION "A-A"

CONTAINMENT SECTION VIEW
11-1-72 Fig. 6.2-6




PLAN VIEW AT ICE CONDENSER ELEVATION-ICE
CONDENSER COMPARTMENTS

11-1-72 -Fig. 6.2-7




2L-1-11

8-2'9 614
NOILYINASIYdIY FWNI0A INIWNIVINOD QWL

25

}/__—— TOP OF ICE
|
I

A ] ] ] | ’
9 12| 15 | 18 I 21 | 24 |
A
1t — —— ———— — — —
1 s no 14 17 20 23 |
L1 l | I I —4Y
f .
7 w0 | 13 I 16 | 19 I 2 f
— “ I.I L 2 2 L 2 /l VAR LB A A A A L 2 L 2L L 2 2L 27 2272 2 72 2 2 2272227 7227 2 IJ o L 2 2 L 2 L 2 L L 27 o 22 2 J <
34 ANNULUS SPACE ABOVE FAN, ACC. & INST. ROOMS
30 FAN ~TACC TNSTRUM ACC FAN ACC
ACC 26 31 27 30 28 33

ZZZZ TIGHT SEAL BETWEEN CONTAINMENT AND COMPARTMENTS

TMD CONTAINMENT VOLUME REPRESENTATION




TMD CODE NETWORK

11-1-72 Fig. 6.2-9




¢L-L-LL

QL-2°'9 6Ly

STEAM PARTIAL PRESSURE, PSIA

251
®—
20
STEAM CONCENTRATION IN A VERTICAL DISTRIBUTION
CHANNEL FOR TEST WITH 115% ENERGY RELEASE
IS
0]
5+
0 i . &
0 S [0 40

HEIGHT IN CONDENSER, FT.




o
= c
’ = =2
v 7
v @
= a
e +-
S =
o b lQuo
= 5
or— (5o}
0 ey
@) a O
t~ o =
c
] o
m .1nl IRVQ
]
~ P
/o) o
(=] —
O w
c s
1™~
N
lrmu. =
=<
® I
llllllllll =Ll
L joe
o} |<C
| o <
: T 3=
| ] '
[ e
_ 7
_ r0 —
< =
| y =
| <
| .
I
o
w _ ~J
0 _
mwAIIIIIIVL ——e
_ [
| !
| |
{ ] ] 11 o

9ISd ‘3UNSSIUd A¥3Id TWNIA

PRESSURE INCREASE FROM
CONDENSER STEAM LEAKAGE

11-1-72 Fig. 6.2-11




ASY3IT3Y WILSAS LNYI00D ¥OLIVIY J0 LNIOHId “3SYITIY ADYINI

062 00¢ 0461l 001 0§
| | _
3Llvd NMOdAMO1d
vaad IYILINI %0L1 lv S1S3L —]
31vd NMOAMOd 1\\||||
vy4a TWILINI %002 LY S1S3l ® -
lllll
\

oL

(9ISd) FUNSSI¥d M¥3d TYNIA

UPPER COMPARTMENT PEAK PRESSURE versus
ENERGY RELEASE FOR TESTS AT 110% and

200% OF INITIAL DBA BLOWDOWN RATE

Fig. 6.2-12

11-1-72




ISYITIY WILSAS INY100D
401dv3Y 40 % 3SV3ITIY ADYING

00¢ . 001 0
_ B 7 0
ALY oz
NMOQMOT8 vyga TVILINI %002
pue 0Ll NI3aML3Id SLS3L
_Jeor
_ |09
— 08
00t

Fig. 6.2-13

ICE MELTED versus ENERGY RELEASE
FOR TESTS AT DIFFERENT BLOWDOWN

RATES
11-1-72

% Q3173w 331




D)

| I
150 175 200

i
125

I
100
INITIAL BLOWDOWN RATE % OF DBA

25

| | |

8l—

10

]

(o) < N o

(9ISd) 3dNSSIYd Mv3id TUNI4 ]

UPPER COMPARTMENT PEAK PRESSURE versus
BLOWDOWN RATE FOR TESTS WITH 175%
ENERGY RELEASE

11-1-72 Fig. 6.2-14




Pressure (PSIG)

2L/L/LL

GL=2°9 d4nbL4

‘Time (seconds)

JUSPLIDY JUR|00) 40 SSO7
® 03 9SU0dS3Y BUNSSAd
1UBWULRIUOY) WUd) bBuoT

(3
(21
(1
10l o Air return fan
starts at 30 seconds
ok
Complete ice meltout
8 b
y4=
Refueling water
6 storage tank empties
~U
5 ] ‘ ] 1
10 100 1000 10000 100!




2L/L/LL
*SA STANLYHIdIWIL

2°9 9unbig

9L-

IWIL
INFWLIYYdWOD ¥3IMOT ANV d¥3ddn

OF)

300
275
250

Y
n
n

150
125
100

~
w

- Air return fan and spray
start at 30 seconds

lower compartment

upper
compartment

Ice isf completely
melted

I 1

100

1000 10000

Time (Seconds)

100000



(spuodas) awlL}

oooﬂo,o_ 0000 000"l 00| o]

Figure: 6.2-17

a4njzedadusy
Aeads

dwns
jueubels

1001

g-muN_

+0P|

109l

108l

100¢

CONTAINMENT SUMP AND SPRAY

TEMPERATURES vs, TIME

jo) uanjedadwa]

(

11/1/72




100000

@)
1O
O
o
[. >
<5
vl
(=}
O
13
)
| o
E
—
e
O
111&!_1111}219
O 0O O O U O O O O O O o O
O 3T O N = &5 e 06 K OB F @™

P ——

(44/Nn3g 40 suoL|Ltw) ILvY TVAOWIY LV3H SPRAY HEAT EXCHANGER

. HEAT REMOVAL RATE

11/1/72 Figure 6.2-18



[TOP OECK DOOR

I-ros- DECK WALKWAY
: 3 —TOP DECK SUPPORT BEAM

Ty

-

1 BRIDGE. (RANE

AIR HANDLING UNIT

T—PLENUM INSULATION PANEL

X X - AR DISTRIBUTION DUCT

.

~~—AIR FLOW CONTROLLER

/]

: S INTERMEDIATE DECK

ﬁ |_—1CE BASKET

——CRANE WALL

| — LATTICE FRAME

>—wau.. PANELS

| END WALL PANEL.

=
WA

2
,

l [’OPERATIN& DECK

o f, T
= = A
L] / il LOWER INLET DOOR
L3l 1 : LOWER SUPPORT STRUCTURE
i
e i i |
X ~— INSULATION

SECTION ELEVATION OF ICE CONDENSER

11/1/72 Figure 6.2-19




"

% g @ - ]
P
> paci BAY -
N
% o} BIA \{::iai'H!
A~ L {
% R . ‘Eiiill
g @ 1M 1
et e - EH[ {kv
- —i £
UPPER | | |
COMPARTMENT ] I
sPRAY | [ [ RN - . - ——
| AR TEST @/J FLUSHING
{ TC - /RN CONNECTION H
i J—
| v -, <] 4 ¥ taw | [E5w '
] 27 By 3¢ £ LL. X
g @ ¥z 4 2 " .
T .. ; & T i s 8” ¥ 8" ¥
AW AWl B L > —/\/- G - { y 2z ®
i -~ o, ' e io” [ L i 55
1
! B | oM CONTAINMENT SPRAY 1] ) e ' f el St
! . Hx-1 | ConTamment X
; X ERW SPRAY Pump-1 NOTE-L !
DH 4
! I £S5 COMPARTMENT 1 p Sl
1 = - - - P
!
i @u
! 4 o
! AIR_TEST - - - - - -
| 2] Ej FLUSHING |
CONNECTION
] ALY 3 FSW — !
| e Tv -, <4 Le. A, !
. 3¢ P Lo » )
ik ! s el 8" T {z B | é % & 5 8’ s -
PAPAWAVAY RS < Ml o -y — P o # 0"
I {k { ; ' (L5s
. g | ome 3 CONTAINMENT SPRAY g i — ] s
i 4 COR0R CONTAINMENT )
| EAW SPRAY PUMP-2 — l
1‘ l 1.ES COMPARTMENT 2 bH p Lo 1
! - — —
| o
|
! gﬁ
[ - - -= -=
] t w FLUSHING !
1 AR_TEST } 4 CONNECTION
TC T ' LC. = |
| Tv 1 <3|
B ' 8" " P }: %n n ﬁ
I Lo, ] % 4 P & & 7 .
{1 e ) 4 i 2 2"
| -~ B i P & G ¥ . .
| Lo et ' TR 2y 2]
| 8| -oMB CONTAINMENT SPRAY_@ i —
i . H¥%-3 CONTAINMENT
i ERW i SPRAY PUMP-3 NOTE-1 1
| £S5 COMPARTMENT 3 E
i . " DH Ym
l
i
i
| nE
i B . o o o}
! ] FLUSHING
|| AR TEST { CONNECTION
L 1 o
| TC N 9 we ;
. 4
| Lo, 8" I . %” %‘ & L3 “
JAYAYAVAYILESS o AN £ £ 2
han L. 10" ' ‘ol
! d; {} -t
i M8 1 oms CONTAINMENT SPRAY <3 T - ]
] HR- 4 .
mmmm e | e zs:m:u |
CONTAINMENT | CONTAINMENT ‘
DH y
. - £S5 COMPARTMENT 4 . ) - X
NOTE?

l CSs
sHe

1L TEMPORARY STRAINER & PLACED IN SRPO0L.
PIECE DURING INITIAL FLUSHING OPERATIONS
STRAINER MUST BE REMOVED BEFORE
PLANT START UP,

OFFSHORE POWER SYSTEMS
Title: CONTAINMENT SPRAY SYSTEM
DIAGRAMS

1171772 Figure: 6.2-20

Sheet 1



3

N

/E 3
REFUELING WATER STORAGE — Lo REFUELING WATER STORAGE
o TANK N1
TANK N°© 2.
A A
€S PUMPS L
n_l:_nmm.?w ¢ - |
EST LINE
L.0.
. 3/~
SAFETY CLASS 2 N s 4 SAFETY CLASS 2 | e -
74 Lo
H.H.S19{51 i
PUMPS MINIFLOW, - - 3,
§ TEST LINE L.0 4
pa—()
2 4 Lo
3 3 LO-L0
- -
LOCAL BLENPER i LOCAL
SAMPLE SAMPLE
4 4
SFC PURIF, f —@
—_— ]
18 8
2& .
? 423 Y
& TAm -
i L.C. >
14 - | .
' L.c.
L 14 10
£ g
il
E S COMPARTMENT N® | COMPARTMENT N= 2

5 ,e

o

v RAR PUMP
p— i - - COMPARTMENT N3 COMPARTMENT NS &
—

")

il»
=

Y %

. "
E,
RHR PUME )
NI SUCTION = = =T o= -“fﬂ—‘
—

~
N
2
[ ]
34
»

H.H.S1 PUMP S1 PUMP ~ba HH. ST PUMP
=g == =aner sUCTION NOZSUCTIONP S B a B e o = 3 Ne2Z SUCTION[® = =
4 ] .

30
oy ]
PR
g
]
[ ]
e
'.E._'_r
|
T
R
t
i)

-3 Yo Won
U7, P 10 /P ] (M
e " ot
TS PUMP &) d B :? FoMP tS PUMP T :‘t‘! CEEUNMP
JOISUCTION [== = 2= Eed s’ 2/ ' = ==No2 SucTIoN Ne3 SUCTIQN [B = = = = = = NOG SUCTION [== = == =
<& 4 J, : & i
ol P ™ £

SHIELD BLDG

AL | 1 o iy j"j\ﬁ

PROTECTIVE
ENCLOSURE

GONTAINMENT-

M

SCREEN CTYP)
[ (YR
£5 TUNNEL Not '
. N 12
CONTAINMENT] ? . ',— Y ’
BUMP N°I . Pé — |

ousrp pipeR | |\
TYP e\ .
] : - ‘ TUNNEL N°2 i

3
CONTAINMENT i
SUMP Ne 2 . ;
5
CONTAINMENT
SUMP Ne§' | T {

: TUNNEL N°4-

T
7 TUNNEL N°3 . 'Ii y
7

CONTAINMENT "gﬂ

SUMP N°4 E — ' s |

OFFSHORE POWER SYSTEMS
Title: CONTAINMENT SPRAY SYSTEM

DIAGRAM

111772 Figure: 6.2-20
Sheet 2




CONTAINMENT, SHELD BUILOING ,
VESSEL /
]
e -1
- 7t
3 M
. <7 /_ G
T 1 E]”

*’ | / w | & /

P - ¢ =it é 1u1s — A} —

FAL EAL z is N

: % ’ VENT STACK.
4‘,

-2 8 -
.3
33 z m X

2 [ R
[
B

P et e A I

. F.R e « FAL
> T o
7 AR, COMPRESSOR
1
Le. LL

/f kel “é =

COMNT LEAK TEST
AR QUTLET

CONT.LEAK TEST
AR INLET

OFFSHORE POWER SYSTEMS

Title: POST ACCIDENT CONTAINMENT
YENT SYSTEM

1171/72 ' Figure 6.2-21




EXHAUST
ELECTRIC
HEATER

N~ INTAKE

SO A G ACER AR AT

o —
] //.Av,/‘ ﬂ‘.q O’ e
S I, 7

XN

VA

AN

//

4 z 9

/ //
\\.

L

77N\
&

/

Cutaway

Electric Hydrogen Recombiner

Figure: 6.2-22

11/1/72




O

DAYS

% INNTOA “NOILVYLINIONOD NIDOUAAH

DESIGN BASIS HYDROGEN
ACCUMULATION
11/1/72 Figure 6.2-23



DAYS.

% 3WM0A “NOILYYINIONOD NIDOYIAH  yypROGEN ACCUMULATION BASED

ON AEC SAFETY GUIDE NO, 7
11/1/72 Figure 6.2-24




CONTAINMENT NOTES

1-LOCATE CONNECTION CLOSE TO TANK
2-LOCATE FLOW INDICATOR OUTSIDE THE

i SHIELD BLDG SAFEGUARD PUMP COMPARTMEN'TS.

. 3- TEMPORARY STRAINER 1S PLACED IN

L SPOOL. PIECE DURING INITIAL FLUSHING

TEST CONNECTION b
IMB [oMB (TvP =
. T
3 3, BORON INJECTION
A 4 SURGE TANK
- NOTE4 ; {
CCCNUEY N N ) I (TYP) "

™~ W D TR | sAFETY class 3 e OPERATIONS. STRAINER MUST BE REMOVED
17 DRAIN \34e/ -, BEFORE PLANT START-UP.CAPPED LINE
' Lo, — ) IS CONNECTED TO PRESSURE GAUGE

DURING INITIAL FLUSHING.
4- ¥g INCH RESTRICTOR

1
1 DRAIN  SAMPLE [\2 5
s o—ped a Bed_ _ _ _|BRS RECYCLE
T by Lo |
“n A \ N N HOLDUP TANKS
i

— el
/ et

N
©
4

| €VC REACTOR n »
NOTE 4 = MAKE UP WATER,, 549, C) :

Cs CL.3 Y I
- .Ah ! N
Ve k'
-5
.
2 N
| "
. : ‘ .
? | BORON 1NJECTION . 7 ¥
4 , L | :
: RECIRCULATION h - 3 5
-Rc.s CL.4] - | PUMPS ——\ B
e U ; I SAMPLE SAFETY CLASS 3 g | :
172 F.C. §
| -

¢
:
o1

- ELECTRIC

STRIP HEATERS | /NECTION

TANK

B ORON “'°'/
>

SAFETY
CLASS 2

SIS TEST UNE
SH-2 LOC G3

i ~ h
515 CL4 INJ] 515 L3I SIS C.L 2 INJ, 515 GL.1ING 2 q 3 Cedh 3 >
SH-2 LocC12 SH-2 Uocoi SH-2 Lot El SH-2 LOC E17 /3 A (L) %

KK

L

v HIGH HEAD SAFETY
INJECTION -PUMP.NO.L
SAFETY CLASS 2 ,

SAFEGUAD COMPARTMENT 30
Nod—— /& 4'<: %

q
f

!
Rl
"‘

NOTE 4
(TYp) 3

exd
* DRAIN SAMPLE HIGH HEAD SAFETY
= i3

TEST CONNECTION [}_ INJECTION ‘PUMP No2
(TYP . !
— k =5 bl
el el -
ls

N
—
Faa
%rm
4
(2]
EEOEY] q..}; v
ed

-

Pl Lol Loy

A

L

IR

_@
IPE

2
=l

SAFETY-CLASS 2
= %
! . ~ 4
2 2 2 4

i
\&/
\/
%' - CSS CONT.SUMP)]
L.O. DH 2 k
:
"TEST CONNECTION b,
P : »-
&/
\/

3

TY ,i _t:d/i SAFEGUARD COMPARTMENT 7 — ]
’ FEle-~ Now 2 -{FF] Lo (esw] X2

7FN P ]

- ex2

g SIS ACCUM.
FILL LINE , [Res PRT
SH-2 LOC G 1S TEST o - X &, o
SH2 LOC €2 A | ? /
ACS HL.2 V‘-ﬁ} ! 3 @_ ec. .
23 F.C.
b-noTE o " ][—D 4
4 -— 4 ’ H I
s -

Y
R % iy

SAFETY INJECTION

~
Y

& S

&S

) ¢ Ez
RCS Hi. 4 : 1i E § N A
i~ f,
> -— ox2 ] allia) -— A

RCS PRT 4 - PUMP NO.1 [
e 4 A “! [E5]- ~. SAFEGUARD COMPARIMENT 1~~~ i SAFETY CLASS 2 _ | /E5s contsomP |
| % EDN No4 ofFP] -
322 | —- - -—
: . : , ) i =
s HL 1 f ~ESW
'I/IL: { | 7 a 1 3 v | NOTE '
-— Gx2 . ? @ — | 34 34 A X e T
4. l U X
e . AL Wﬁ ﬂ X [

»¢ J.‘\J—/* T v -— ? 4x3

g
AN
\
B
_@

SAFETY INJECTION
PUMP NO.2.
N SAFETY (LASS-2

i ’
M - -
he—1—""1 2
e “\_CONTAINMENT o
SIS TEST UNE] |

SH-2 'LOC &
&; _ TR oW Le OFFSHORE POWER SYSTEMS

Title: SAFETY INJECTION SYSTEM

A .
RCS H.L:3 I i
44-5; i —
- ox2 -

F.C.

FLOW DIAGRAM

11/1/72 Figure: 6.3-1
Sheet 1




1 B

&S M, SUPPLY
PALKAGE

A

ACLUMULATOR
TANK NO. |

ALCUMULATOR
TAMNK NO.2

ACLUMDLATOR
TARK HO.%

ALCUMULATOR
TANK ~NG.6

SAFETY cLass? |4

SAFETY CLASS 2 |

GAFETY CLASS 2 BARRTY (LABG 2

;. |, —sreLo BLDG

BRE RECYLE
OLDUP TANKS,

o]
Iy
Tk
.
w LocAL
> W AMAPLE
%
(o}
Qs et o At
i Ed
. g e
N 15 ACCUMULATOR, o
FiLL BINE ¥
| i Skt LOC GRID >
| - i v E &
| s 3
34 i
/ | 0 £
-i s
¢ T vy
- fc. /4 I
| : ﬁi . i
td
/T %
RCS Gl e ) - s Y £
-— Fe. .
!
} M BlomMB . - - - - -
/ CONTAINMENT
v SHIELD BLDG BAFEGUARD COMPARTMENT No |
';‘t ah,
e

515 CL L IN
SH-1 LOGFY

RCS PRT e v ‘ HA
EFFex |4y ) z
& 1 - mmm s — - -
i Vb oy ! V5
¢

& 8 .
f ;'_' 2l Mo { B3 .L S et St Lt s w0
s 2 e niuheQuih o S D i L7 e - - ot S e S ——— W S S——— e . ) fadd] . i :
o, - el ] 1 T".. s o Satar o ’ ‘LL R Fye-On TES RweTS
E"Y Lic e ¥ oLt v | i - - - o -
T Ec. X Risuoum. HEAT ETXQ%EANZG mnr} ~_ 7 RESIDUAL HEAT A ~ ek
15 CLUN ) AFETY CLASS! S {4 7 REMOVAL PUMP NO.L
SH-1 LOCFI3 /] ' I ¢ SHELL NNS g @LJ SAFETY CLASS 2 ;
N L 1) 7 { B —| |
& gl L= a4 = — Jp— ;
T e |
r S AR
'/— L ( r___ J— ___““ ::‘_ AFEGUARD COMPARTMIENT No 2 H
-~

%_DF.C,

sy
r

5
w
O
=
=
(]
I
-7
7 1‘3
<k
——
e o> T o ol

‘el “ L

s ,
w7 ! :)%% A - R L t
i1 Ao PmTmRTT o7 5 ~
2 G --fll--x-l-—'ii'i o ——-:X:J---d:/_":—-h-—-.i-f - 2 M

4
4 T e

e

e
L

1

i} - d N BH . .
— v~ § Lo oo X i V § - —— P TR F— £SS RWETS
4 |R§SIDL;AL gsm‘ EXCHANGERA. 2 i > 1! -T-- ""L.: - g ———; N .
AFETY CLASS! TUBES?2 s da S :
: SOG4 I NG N

- RESIDUAL. HEAT
i REMOVAL BUMP N2
[, SAFETY CLASS 2

|
!
I
|
!
!

R

~ee
W o 9

5

OFFSHORE POWER SYSTEMS
Title: SAFETY INJECTION SYSTEM

V172 Figure: 6,31
Sheet 2




TO PLANT VENT

TO PLANT VENT

# | SAFEGUARDS P/PE TUNNEL
X § COMPARTMEN T

ABOVE ELEV 76-0

PIPING PENETRATION
ROOM

(o1
./
ABOVE ELEV 76-0

ABOVE ELEV 6-0°

FC.

N.O.

SHELD BUILDING

.
L7 aNNBLLS =7

-

e

CONTANMENT

UP TO ELEV 76-0

UP TO ELEV 76'-0

UP TO ELEV 76'-0

—

# 2 SAFEGUARDS PIPE TUNNEL
§ COMPARTMENT

UP TO ELEV 7650 — \

TT—— #4 SAFEGUARDS PIPE TUNNEL
§ COMPARTMENT

\——— #3 SAFEGUARDS PIPE TUNNEL
§ COMPARTMENT

OFFSHORE POWER SYSTEMS

Title: CONTAINMENT ANNULUS FILTRATION
" SYSTEM - FLOW DIAGRAM

1/1/73 Figure: 6.4-1



TABLE OF CONTENTS

CHAPTER 7
INSTRUMENTATION AND CONTROLS

Section - Title o - Page
7.1 "~ Introduction o 7.1-1
7.2 Reactor Trip System RESAR
7.3 | Engineered Safety Features Actuation System - 7.8-1
7.4 Systems Required for Safe Shutdown 7.4-1
7.4.1.2.2 Pumps (Controls) 7.4-1
7.4.1.4 Equipment and Systéms Available for Cold
Shutdown 7.4-2
7.5 ' Safety-Related Display Instrumentation REsAR
7.6 A11 Other Systems Required for Safety RESAR
7.7 Plant Control Systems | 7.7-1
7.7.1.12 Gross Failed Fuel Detector - 7.7-2
7.8 Fire Detection and Alarms 7.8-1
7.9 Hull Leakage Surveillance : 7.9-1
7.9.1 Basis for Design 7.9-1
7.9.2 System Description | - 7.9-1

7.9.3 Testing | 7.9-2




LIST OF FIGURES

Title

Typical Location of Control Board Systems
Gross Failed Fuel Detector Flow Diagram
Gross Failed Fuel Detector Electronics Diagram

Typical Method of Referencing Instrument Drawings
on P & I Diagrams

Typical ITlustrations of P & I Diagram

Figure No.

7.7-10
7.7-15
7.7-16

7.7-17
7.7-18




CHAPTER 7
INSTRUMENTATION AND CONTROLS

7.1  INTRODUCTION

This section is presented in RESAR-3, Section 7.1 with thé following ex-

ceptions:

1. RESAR-3, Sections 7.1.2.4 and 7.1.2.4.3 are modified and are to

be found in Chapter 8.

2. RESAR-3, Section 7.1.2.3.2.b (CVC): Charging pumps are not used
for Emergency Core Cooling. The High Head Safety Injection Pumps
replace and perform the function of the CVYC charging pumps during

a LOCA.

3. RESAR-3, Section 7.1.2.3.2.d (ERW) Essential Raw Water Pumps provide
cooling water to the containment spray heat eXchangér coolers and

is thus the heat sink for containment cooling.

4. RESAR-3, Section 7.1.2.3.3, line 19, page 7.1-15,
Refer to Section 7.3 for a discussion of the Engineered Safety

Features Actuation System.

5. RESAR-3, Section 7.1.2.3.4.5. The floating nuclear plant
uses an ice condenser.

7.1-1




7.2  REACTOR TRIP SYSTEM

This section is presented in RESAR-3, Section 7.2.




7.3  ENGINEERED SAFETY FEATURES ACTUATION SYSTEM

This system is described in RESAR-3, Section 7.3. The following additional

information is applicable to the Floating Nuclear Plant:

Where it is necessary to control four independent engineered safety features
actuators using four independent actuating signals (for example, to start
four diesels as discussed in Chapter 8 of this report) these signals will be
generated by means of Engineered Safety Features Actuation System output

circuits currently being designed.

The jnputs to these circuits will be obtained from the Engineered Safety
Features Actuation System described in RESAR-3, Section 7.3. Each of

four mutually independent circuits will generate an independent actuating
signal. The circuits accomplish this by generating a "Train A or Train

B" output signal; i.e., failure of either train will not prevent generation

- of any of the four independent actuating signals.

The design of the four independent engineered safety features actuation
system output circuits and the implementation of the four independent
actuating signals generated by these circuits will be in accordance with
IEEE-279 (Criteria for Protection Systems for Nuclear Power Generating

Stations").

1

7.3




7.4  SYSTEMS REQUIRED FOR SAFE SHUTDOWN

This section is presented in RESAR-3, Section 7.4 with the following modi-

fications related to implementation of the component cooling, service water,

and containment cooling functions in the Floating Nuclear Plant design.

RESAR-3, Section 7.4.1.2.2 Pumps (Controls) is modified as follows:

Item 2.

Item 3.

Item 6.

Charging and boric acid transfer pumps . These pumps will
start automatically fo]]owfng a loss of normal electrical
power. Start/stop motor controls will bé provided for these
pumps. The controls for the charging‘énd boric acid pumps

will be located outside as well as inside the control room.

Essential service water pumps. These pumps will start auto-

matically following a loss of normal electrical power. Start/
stop motor controls will be located outside as well as inside

the control room.

Containment lower compartment fan cooler units. These units

will start automatically following a loss of normal electrical
power. Start/stop motor controls will be located outside

as well as inside the control room.




Item 7. Control room ventilation {including the control room air in-

let dampers). These units will start automatically following

a loss of normal electrical power. A start/stop switch To-
cated just outside the control room will be provided for these
units;. a control to close the inlet air damper will also

be provided. These controls duplicate functions inside the

control room,

Item 8. Auxiliary raw water pumps. These pumps will start automatic-

~ally following a loss of normal electrical power. Start/stop
motor controls will be located outside as well as inside the

control room,

Item 9. Essential raw water pumps. These pumps will start automatic-

ally following a loss of normal electrical power. Start/stop
- motor controls will be located outside as well as inside the
control room.
RESAR-3, Section 7.4.1.4 Equipment and Systems Available for Cold Shutdown.

Add the following items:.

10. Essential service water pumps (see Section 9.2.2).

7.4-2




11,

12.

Essential raw water pumps (see Section 9.2.2).

Auxiliary raw water pumps (see Section 9.2.1).

7.4-3




l‘

7.5  SAFETY-RELATED DISPLAY INSTRUMENTATION

This section is presented in RESAR-3, Section 7.5

7.5-1




7.6 ALL OTHER SYSTEMS REQUIRED FOR SAFETY

This section is presented in RESAR-3, section 7.6, with the following
exceptions:
Section 7.6.1.1 through 7.6.1.2 is modified and incorporated as part

of Chapter 8 of this report.

Section 7.6.3 is not applicable to the Floating Nuclear Plant.

7.6-1




7.7  PLANT CONTROL SYSTEMS

This section is presented in RESAR-3, Section 7.7, with the following ex-

ceptions:

1.

RESAR-3, Figure 7.7-10 is modified as shown on Figure 7.7-10 of -
this report. o ‘ |
RESAR-3, Figure 7.7-15 is replaced by Figure 7.7-15 of this report,

which reflects a typical gross gamma detector.

RESAR-3, Figure 7.7-16 is replaced by Figure 7.7-16 of this report,

which reflects a typical gross gamma detector.

RESAR-3, Section 7.7.1.12 is modified as féTTows for the Floating

Nuclear Plant:

The faiJed fuel detector is supplied as standard equipment, not
as an option. The type selected is a gross gamma monitor. Para-
graphs 1 and 2, page 7.7-31 RESAR-3 are to be excluded and a.re-
written sectibn is included in this report. Exact valueslof
activity as indicated in Paragraphs 2 and 3, Page ?.7—32 are in-
fluenced by the specific manufacturers equipment; however,

activity values equivalent to those used in Paragraphs 2 and 3

7.7-1




will be used to reduce reactor power and determine the need for
chemistry sampling. The equipment reflected in drawing 7.7-16
is representative of a specific supplier and may change signifi-

cantly once design is finalized and a supplier is selected. 1

The following are the substitute paragraphs for Section 7.7.1.12,

page 7.7-31, RESAR-3, (paragraphs 1 and 2).
7.7.1.12 Gross Failed Fuel Detector

1. The gross failed fuel detector is connected across a portién of
the CVC (Figure 7.7-15). The coolant samb1e (already éooied by
CVCS equipment) passes into a fixed volume chamber. A gamma
scintillation detector utilizing a sodium iodide crysta1 optically
coupled to a photomultiplier tube counts and amplifies the activity
of the sample. The sample continues to flow from thevsamp1e chamber
back into the CVC system and’then to the reactor coolant system.
Flow is so régu1ated that maximum samp1e time (core to detector)

does not exceed 6 minutes.

2. Figure 7.7-16 shows the block diagram of the gross failed fuel
detector channel. The detector, preamplifier, sample chamber and

associated equipment, are located in the CVC area outside the
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containment. The signal processing equipment and readout are
mounted on a rack located in the control room. The gamma signal

generated is displayed on a recorder located in the rack.

Typical control loop symbols are shown in Appendix "A" to this

report.

Typical applications of these symbols are illustrated in Figures

7.7-17 and 7.7-18.



7.8 FIRE DETECTION AND ALARMS

A fire and smoke detection a1arm system gives immediate audible and visual

alarms, as well as locating and identifﬁing the existence of smoke or fire.
The design philosophy used seeks rapid identification of the location of

g . L - -
a fire so that corrective measures may be taken to 1imit damage.

~
\\

The monitored region of the plant is divided into functional areas. The

detection system for each area is indepéhdsnt of every other area, except

i |
for a common alarm panel in the control room.

Areas of fire detection include, but are not necessarily limited to:
Cable pull area |
Major Electrical containment penetration areas
DieSe] generator enc]osufes

*Safety related switchgear rooms

*Switchyard- and Battery rooms

*Note: Some of the’ detectors located in ventilation facil-
ities (Section 6.2, 6.4, and 9.4) servicing certain
areas will be utilized in place of detectors lo-

cated in the area proper.
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7;9 HULL LEAKAGE SURVEILLANCE

7.9.1  BASIS FOR DESIGN

The system provides a positive means for the detection of gross leakage in
any of the watertight hull compaktments. The units must be rugged, shock

and vibration'resistant.and'must actuate at very low water levels.

7.9.2  SYSTEM DESCRIPTION

The water 1e9é1 detector consists of a donut type float, surrounding a
hollow shaft. The shaft contains a sealed magnetic switch. The float
contains a magnet and actuates the switch when water Tevel raises the
float magnet in close proximity to the switch (apprbximate]y 2" of move-
ment). Closing of the detector switch sounds a common alarm in the main
control room and provides position indication on a local panel. Operations
personnel can then check thévlocal pane]l for location and inspect the in-
dicated alarmed compartment for Teakage.

Although one watertight compartment may be divided into two or mdre sections

drain openings are provided on the dividing bulkheads. -This assures a free
~flow of water within the watertight compartment and permits the use of a

single detector to monitor for‘1eakage;
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7.9.3  TESTING

The basic detector used has had years of maritime use on both Navy and

Merchant ships.

Periodic inspections of the compartment space will be conducted.
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 TYPICAL METHOD OF REFERENCING INSTRUMENT DRAWINGS ON P & I DIAGRAMS

A rectangular block is shown on the P & I Diagram containing an instrument
drawing number. (Simple loops, local pressure gages, or thermometers, do not
require this block.) If the instrument has a control function, the final
actuator is either referenced or connected as shown in the example below.

The referenced instrument drawing shows actual hardware needed to obtain

the desired measurements and functions.

. Example:

7 SIGHT " FEEDWATER
GLASS HEATER
1A

{ D]
T&CD l
W<
Jaey | _ lto Lcv-010a >
T 71 Lcy. 0108
} Valves may be shown connected (as below)
; or referenced (as above)
L——T ————————————— 1
' I
‘ I
§ ?
. 3 LCy-010B

. LCV- 010A

Fig. 7.7-17
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CHAPTER 8

ELECTRIC POWER

8.1  INTRODUCTION

8.1.1  UTILITY GRID DESCRIPTION

To be provided in owner's application.

8.1.2 ONSITE POWER SUPPLY

The onsite aC electrical system consists of two preferred power supply cir-
cuits connected to two shore circuits through station auxiliary transformers.
Each station auxiliary transformer has two secondary windings which in turn
feed four sections of 6900V.§witchgear. Each of the preferred circuits also
supplies the four 4160V safety related buses through 63900/4160V station

auxiliary transformers.

The ac standby power supply consists of four diesel generators which are
connected to feed the four 4160V engineered safequards buses and through them

feed other safety related power centers, motor control centers, panels, etc.

The Direct Current System consists of five station batteries along
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with associated chargers, distribution panels and equipment with one
battery and bus for turbine auxiliaries and four other redundant units which

supply power to safety related functions.

8.1.3  SAFETY FEATURES

The identification of safety loads, i.e., the systems and devices that
require electrical power to perform their safety functions, are included
in Table 8.1-1 of this section. This table includes the safety load,
function performed, and type of power required (ac or dc). Reference to

Chapter 15 is made for additional requirements.
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‘ | TABLE 8.1-1

SAFETY LOADS AND FUNCTIONS

SAFETY LOADS oo ~ FUNCTION- - |  POWER

Component cooling Provide cooling water to NSSS equipment ac
water pumps \ during Tloss of offsite power (LQOOP) .
Residual heat . A. Remove reactor'heat during cold shutdown ac
removal pumps B. Provide emergency core cooling dur1ng
. © LOCA (Injection phase only)
|
Centrifugal charg- Provide make-up water dur1ng loss of offsite ac
ing pumps -~ power (LOOP) | '
Essential service Provide coo]1ng water to NSSS dur1ng LOCA or ac
water pumps - (LooP) ‘ :
Safety injection Provide emergency core cooling during LOCA ac
pumps o ‘ » ' ‘
. Essential raw water Provide cooling water during LOCA or LOOP ac

pumps - ' IR -
Containment spray Provide cooling spray in containment dur1ng ac
pumps LOCA

Bofic acid transfer Provide boration during LOOP - L ac
equipment - '

Lower compartment - For cooling containment during LOOP .- - ac:
fan coolers o oL - .
Containment air For recirculating containment air during a LOCA ac
return fans

Soent fuel pit Cool spent fuel pit ac
cnoling pump

Containment hydrogen Maintain a safe level nf hydrogen in contain- ac
raecombiner ment during LOCA
Emergency air cond- Maintain a safe air operating temperature ac

itioning (control rm)

‘ Fire pumps Provide water to extinguish fires ac




SAFETY LOADS

TABLE 8.1-1 (CONT)
FUNCTIONS POWER

Motor control centers

Annulus ventilation
system

Diesel auxiliaries
Pressurizer heaters
Emergency air compres-

sors

Containment hydrogen
purde system

Solid state/Logic
protection system

Instrument power
supply inverter

Auxi]iafy feedwater
pumps

Control postFLOCA hydrogen

Provide power for M.0.V.'s small ac
motors, fans, heaters, and small

pumps associated with safety

related equipment

Minimize offsite dose during LOCA
Provide power for diesel support
systems

Provide reactor coolant pressure
control during LOOP

Provide air during LOOP/LOCA

concentration

A. Initiates ESF signals

B. Prevents reactor from operating
in unsafe conditions.
(Reactor Trip)

Supplies power to the vital
instrument buses

Provide feedwater to steam gene-
rator during LOCA or LOOP




8.1.4 DESIGN CRITERIA

The design bases, criteria, safety guides{ standards, and other documents

that are implemented in the design of\thi; uhit are;
1. Industry Manufacturing Stan@ards.

a. ANSI C37'Sw1tchgear
b. VANSI C50'Rotating E]ectri;a1 Machiﬁery
c. ANSI C57 Transformers, Régu]ators, and.Reactorg
d. IPCEA P-46-426 Power'Cable Ampacities
e. NEMA SG3-1965 Low Voltage Power Circuit éreakers
f. NEMA S64-1968 AC High Voltage Circuit Breakers
g. NEMA 5657]967 Power Switching Assemblies
h. NEMA SG5-1966 Power Swit?hing Equipmenf
i. NEMA R12-1971 Battefy Chargers - General Purposg & Communications

. J. NEMA IB-1-1971 Defintiions for Lead Acid Storage Batteries
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k. NEMA TRI-1968 Transformers, Regulators and Reactors -

1. NEMA TR-P3-1970 Guide for Preparation of Specifications for

Large Power Transformers
m. NEMA MGI-1967 Motors and Generators

The power supply for the reactor protection system and the safety
systems will be in accord with Criteria 17 and 18 of the AEC General
Design Criteria for Nuclear Power Plant Construction Permits,

10 CFR 50, Appendix A, published in Federal Register, February 1971.
Additional design criteria are.as follows:

a. IEEE 279-1971 - Criteria for Nuclear Power Plant Protection

Systems.
b. IEEE 288-1969 - Guide for Induction Motor Protection.

c. IEEE 308-1971 - Criteria for Class 1lE E]ectkica] Systems for

Nuclear Power Generating Stations.

d. IEEE 317-1971 - Electrical Penetration Assembly in Containment

Structures for Nuclear Fueled Power Generating Stations.
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IEEE 323-1971 - General -Guide for Qualifying Class-1 Electrical

Equipment for Nuclear Power Generating Stations.

IEEE 334-1971 - Trial Use Guide for Type Tests of Continuous-
Duty Class 1 Motors Installed Inside the Containment of

Nuclear Power Generating Stations.

IEEE 336-1971 - Standard Installation, Inspection, and Testing
Requirements for Instrumentation and Electric Equipment During

The Construction of Nuclear Power Generating.Stations.

IEEE 344-1971 - Guide fof Seismic Qualifications of Class 1

Electrical Equipment for Nuclear Power Generating Stations.

IEEE 387-1972 - Trial Use Standard Criteria for Diesel Gene-
rator Units Applied as Standby Power Supplies for Nuclear

Power Generating Stations.

IEEE 379-1972 - Trial Use Guide for the Application of the

-'Single Failure Criterion to Nuclear Power Generating Station

Protection Systems.
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The following documents will be considered:

a. AEC'Safety Guide 6 - Independence between Redundant Standby

(Onsite) Power Sources and between their Distribution Systems.

b. AEC Safety Guide 9 - Selection of Diesel Generator Set

Capacity for Standby Power Supplies¥*

¢. AEC Safety Guide 22 - Periodic Testing of Protection System

Actuation Function.

d. AEC Safety Guide 30 - Quality Assurance Requirements for the
Installation, Inspection, and Testing of Instrumentation and

Electric Equipment.

e. AEC Safety Guide 32 - Use of IEEE STD 308-1971, "Criteria
for Class 1E Electric Systems for Nuclear Power Generating

Stations".

*The diesel-electric geﬁerating system fully meets the intent
of Safety Guide 9 except that calculation of estimated elec-
tric Toads given in Table 8.3-1 and 8.3-2 of this report is
based on a motor efficiency of 92%. This efficiency is based
on the average efficiency obtained on similar motors app11éd

on other installations.
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8.2 QFFSITE POWER SYSTEM

8.2.1 DESCRIPTION

Two independent offsite power sources with capacity to supply all of

the protection and safety systems will be provided. Each offsite power
source will be connected to a full capacity station power transfqrmer,,
thereby providing two immediate access circuits connecting offsite power

source engineered safequards buses,

Details of the plant-to-shore transmission network will be provided in the owner's
appTcTatfon; As an example, however, buried high voltage cable circuits

could be used to provide the connection from the owner's onshore switching station
to the Floating Nuclear Plant, The underground cable would be buried indepen-
dently for their entire length to prevent simultaneous damage to both circuits
from dig?ins or anchors. An Edison Electric Institute survey of forced

outages of underground transmissions circuits, based on a 5 year average

for 1,000 miles of cable, reported an outage rate of 0.00068 outages per

mile per year. This average annual rate is about 1/5 the outage rate for

overhead Tine and demonstrate the reliability of underground power trans-

mission.
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8.3  ONSITE POWER SYSTEM

8.3.1 AC_POWER SYSTEM

8.3.1.1 Description
8.3.1.1.1 Normal Source System

The normal source system consists.of two full sized station auxiliary trans-
formers which are connected to the offsite power sources. Each transformer
is connected to one of the two circuits and the associated switchgear is

so arranged that either transformer can serve one half or all of the plant

normal and safety systems.

The enginéered safeguards buses are normally supplied through station auxil-
jary transformers (number 3 and 4), each of which have the capacity, using
the ANSI Guide for Short Term Loading, to supply the total safety system

Toads.

The one line diagram (Figure 8.3-1) illustrates the connections to the
normal offsite power sources, onsite standby power sources, and identifies
the plant Toads to be supplied from each bus. The basis for sizing of all
supply equipment is the nameplate rating of the listed motors and other
loads. Figures-8.3-3 through -8 illustrate the separation of the systems
in‘the plant and shows physical location of the various electrical system -

components,

8.3-1
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Automatic transfer of the engineered safeguards buses (4.16 kV buses)

between the two preferred (offsite) sources on loss of voltage will be
furnished. If for any reason neither of these sources is available or
the transfér is not cempleted the buses will be automatically connected
to their respective onsite ac standby power sources. Each 4.16 kV bus is
an independent redundant system and automatic transfer between ac standby

sources will not be furnished.

The safety related buses and equipment served therefrom are divided into
four separate groups. Sources and load groups are arranged such that one
source, bus, or group can be lost and the system will still have the re-
quired capacity to shut the plant down safely. All equipment associated
with each safety load group is identified in such a way as to allow easy

determination of the redundant load group.

8.3.1.1.2 Standby Power System

The standby power sources consist of four diesel generators, sized, arranged,
and connected to supply redundantly the four engineered safeguards buses.
Reliability is assured by the use of independent controls.and control power

sources. Each unit will be housed in a separate seismic Category I Compartment.

Manual and automatic controls for each diesel generator will be located
in the vicinity of the engine or switchgear with duplication of such
instrumentation in the main Control Room area as required to inform

the operator of the Toad being carried by each engine.
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Cooling water for each diesel generator is éupp]ied from the essential

service water system described in paragraph 9.2.2.1.

The diesel protective systems (for example, 10ss of lubricating 6il pressure)
aré set to trip the engine in order to protect the capability of the engine
to be returned quickly to service after the trouble is corrected. The V

various abnormalities are annunciated locally and are repeated as a master

single alarm in the Control Room.

Sufficient onsite fuel storage is provided to run the engines at rated load

for an extended period. System is described in 9.5.4.

Each diesel generator will be rated for continuous Operatioh'and, in addition,
will have capability to operate at a higher loading for shorter periods out
of every twenty-four hours of operation with increased maintenance. The
engine continuous rating is equal to or greater than the expected loads as

detailed in Tables 8.3-1 and 8.3-2 and will be 2100 kW each.
8.3.1.1.3  Instrument Power Supply
The four instrument power supply panels will be supplied in accordance with

Figure 8.3-9 from: four inverters and will be designed as reduhdant systems.

The inverters desigh will use a non-interrupted transfer. The inverters are




normally equipped from the 480 V engineered safeguards control center. 1In
the event voltage is Tost on the 480 V source, the inverter transfers to

the dc source, the inverter transfers to the dc source without interrupting |
the ac output. A 120 V maintenance source is available to the instrument

bus panels so the inverters can be removed for service if necessary.
8.3.1.1.4 Diesel Generator Starting Air System

This system is designed to provide two fast starts for each diesel
éenerator. Piping, valves, fittings, and other components from the check
valve located in the discharge line of each compressor to the flexible
connection on each dfese1 geherator are designed to ANS safety class 3

requirements. The rest of the system is designed to ANSI standards.

Each djesel generator has an independent air starting system located in
the respective diesel generator room. Each system, as shown on Figure
8.3-2, consists of a starting air tank, an air compressor, and two air
motors on the diesel gernerator. The air compressor operates inter-
mittently to maintain the desired pressure in the starting air tank.

A pressure switch of the tank starts the compressor on low tank pressure
and stops the compressor when a preset higher pressure is reached. An
alarm annunciates LO-LO tank pressure. The starting air tank supplies air

at the desired pressure to the air starting motors.
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Fach diesel generator has two air starting motors with independent supply
1ines from the ajr tank. These two air motors start the engine simul-
taneously; a failure of either air motor will not prevent starting the
engine. In the event of component failure rendering an air starting
system and associated diesel generator inoperable, the three. remaining

diesel generators will supply power for the minimum required safeguards.
8.3.1.2 " Analysis

A failure mode analysis of the safety features auxiliary ac power system
verifies that the system satisfies the AEC General Design Critieria for
single failure and related safety quides. Table 8.3-3 shows the analysis

of each component of the system and the effects of a failure.

Compliance with General Design Criterion 17 is assured by the use of two
connections to shore {utility network) which are both normally instantly

available without primary switching.
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TABLE 8.3-1
Emergency Electrical Loading Requirements

For Loss-of-Coolant Accident

No. HP Each Auto. Delay time
(Seconds)
Installed Nameplate Sequence After Safeqd
' Signal Is

Component ' - Per Unit _ Rating Start __ Actuated
High Head Safety Injection Pumps 2 600 . yes 10
Safety Injection Pumps 2 400 yes 15
Residual Heat Removal Pumps 400 yes 20
Containment Spray Pumps 4 400 yes 25
Essential Service Water Pumps 4 60 yes 30
Auxiliary Feedwater Pumps (Motor) 4 300 yes 40
Motor Operated Valve Group (MCC) - 4 40 yes 10
Annulus Filtration Fans 2 20, yes 20
Annulus Filtration Heaters 2 40KW yes 20
Emergency Relocation Air Cond. Sys. 2. 30 - yes. 60
Containment Air Return Fans 2 40 yes 25
Control Room Air Cond. Units 2 - 100 yes 50 .
Control Room Supply Fans 2 15 yes 50
Control Room Return Fans 2 11/2 yes 50
Control Room Aux. Filter Fans 2 7 1/2 yes 50
Diesel Compartments Supply Fans 4 15 yes 10
Essential Raw Water Pumps 4 250 yes 35
Diesel Compartments Exhaust Fans 4 15 yes 10
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TABLE 8.3-1 (CONT.)
Emergency Electrical Loading Requirements

For Loss-of-Coolant Accident

No. HP Each Auto. Delay time-

: (Seconds)
Installed Nameplate Sequence After Safegd.
: Signal Is
Component . Per Unit Rating Start Actuated
Diesel 0il1 Transfer Pumps 4 B yes 10
Safeguards Equip. Compartments 8 4-15 yes 50
Unit Coolers 4-20 yes 50
Emergency Lighting .Panel Board 4 S5KVA yes Immediately
Battery Chargers 4 40A yes 10
Emergency 1ighting 4 10KW yes 40
Emergency Air Compressors 2 20 yes 40
Battery Rooms Supply Fans 4 3 yes 60
Battery Rooms Exhaust Fans 4 2 yes 60

The following are the projected per train loads based on the Loss-of-Coolant

Accident requirements.

Train 1 = 2197
2253

Train 2
Train 3 = 2153
Train 4 = 163]
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JABLE 8.3-2

Emergency Electrical Loading Requirements

For Loss-of-0ffsite Power

No. HP Each  Auto. Delay Time

(Seconds)
Installed Nameplate Sequence After

Componqnt ‘ Per Unit Rating = Start Blackout
Essential Service Water Pumps 4 60 yes 30
Essential Raw Water Pumps 4 250 yes 35
Auxiliary Feedwater Pumps (Motor) 4 300 yes 40
Motor Operated Valve Groups (MCC) 4 40 yes 10
Control Room Air Cond. Units 2 100 yes 50
Control Room Supply Fans 2 15 yes 50
Control Room Return Fans 2 11/2 yes 50
Control Room Aux. Filter Fan 2 71/2 yes 50
Diesel Compartments Supply Fans 4 15 yes 10
Diesel Compartments Exhaust Fans 4 15 yes 10
Diesel 0i1 Transfer Pumps 4 1 yes 10
Safeguards Equip. Compartmehts 8 4-15 yes 50

Unit Coolers 4-20 .yes 50
Emergency Lighting Panel Board 4 5KVA yes Immediate]y
Battery Chargers 4 40A yes 10
Emeréency Lighting 4 10KW yes 10
‘Centrifugal Charging Pumps 2 400 yes 10
Boric Acid Transfer Pumps 2 10 yes 30
Boron Injection Tank Heaters 2 7Tkw yes 60




TABLE 8.3-2 (CONT)

Emergency Electrical Loading Reguirements
For Loss-of-0ffsite Power

No. HP Each Auto. Delay Time
(Seconds)

Installed Nameplate Sequence After
Component Per Unit Rating Start Blackout
Boron Injection Tank Recirc. Pumps 2 3 yes 60
Associated Heat Tracing 2 40A yes 60
Emergency Air Compressors 2 20 yes 40
Containment Lower Compartment 4 175 yes 60
Fan Coolers
Control Rod Drive Mech.‘Exhaust Fans 4 40 yes 50
Process Rack Room Supply Fans 2 20 yes 50
Process Rack Room Exhaust Fans 2 3 yes 50
Auxiliary Raw Water Pumps 2 600 yes 35
Component -Cooling Water Pumps 2 350 yes 30
Reactor Vessel Support Cooling Fans 2 20 yes 50
Hot Shutdown Room Air Cond. Units 2 2 yes 60
Charging Pump Rooms Unit Coolers 2 5 yes 50
Battery Rooms Supply Fans 4 3 yes 60
‘Battery Rooms Exhaust Fans 4 2 yes 60

The following are the projected per train loads based on the Loss-of-0ffsite
Power Loading Requirements.

2510 HP
976 HpP

Train 1 = 2001 HP Train 3

Train 2 = 1635 HP Train 4
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JABLE 8.3-3

FAILURE MODE AND EFFECT ANALYSIS FOR AUXILIARY AC POWER SYSTEMS

(Reference figure 8.3-1 for Item Location)

FUNCTION

|
HOW FAILURE IS DETECTED

Open circuit

or Electrical Failure.

ITEM DESCRIPTION FAILURE CAUSE OF FAILURE EFFECTS OF FAILURE EFFECTS ON SYSTEM
1 Offsite Power Supply power |Fails to supply | Failure of shore-to-plant|Loss of electrical power to | Loss of voltage, annunciate None, load is transferred to
Source #1 to station power to Stationfcable, onshore switchyard|Station Transformer #1 in control room Station Transformer #2.
Transformer #l{Transformer #l |circuit breaker or SFg
Bus
la Manual Isolator Disconnect Fails Open Mechanical Failure Same as 1 Same as Same as 1
switch, SFg sub- shore-to-plant
station cable from
SF6 substation
ib Demagnetizing cur- |Disconnect Fails Open Same as la Same as 1 Same as Same as 1
rent switch to Station Trans-
Station Transfor- |former #1
mer #2
2 Offsite Power Supply power |Fails to supply |Same as 1 Loss of electﬁical power to | Same as None, load is transferred to
Source #2 to Station power to Station Station Transformer #2 Station Power Transformer #1
Transformer #2|[Transformer #2
2a Manual isolator Same as la Same as la Same as la Same as 2 Same as Same as 2
switch, SFg sub-
station
2b Demagnetizing Disconnect Same as la Same as la Same as 2 Same as Same as 2
current switch to |Station Trans-
Station Transfor- |former #2
mer #2
3 Station Transfor- |Supply power Fails to supply|Internal fault, bushing L oss of power to one half of Same as 1 None, load is transferred to
mer #1 to station and| power fail&r% losg,of Station and safeguard loads Station Transformer #2,
insulafing oil
safeguard load
4 Station Transfor- |[Same as 3 Same as 3 Same as 3 Same as 3 Same as None, load is transferred to
mer #2 Station Transformer #1
5 6.9kV Bus Duct Same as 3 Short Circuit ([Mechanical Damage, Fire, game as 3 Same as Same as 3
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FAILURE MODE AND EFFECT ANALYSIS FOR AUXILIARY AC POAER SYSTEMS

(Reference Figure 8.3~-1 for Item Location)

ITEM DESCRIPTION FUNCTION FAILURE CAUSE OF FAILURE EFFECTS OF FAILURE HOW FAILURE IS DETECTED]V EFFECTS ON SYSTEM
5a 6.9V Circuit Protect Fails to open Mechanical failure, stuck|Fails to open: Loss of one | Loss of voltage, annunciate| None: Load is transferred to
Breaker Station Trans-| Fails to close | contacts, relay failure, |power source to safeguards in control room Station Transformer #4.
former #3 control power failure or jbuses. Fails to close: Loss
electrical failure of power to two safeguard
buses.
5b 6.9kV Bus Duct Supply power Short Circuit MEchanica¥ Damagg, Firé> |Loss of power to two safe- Same as 5a Same as 5a
to Station Open Circuit or Electrical Failure. guards buses ,
Transformer #3| -
‘ Loss of power to one half of None, load is transferred to
6 6.9kV Bus Duct Supply power t¢ Same as 5b Same as 5b .Station and safeguard loads | Same as 5 a Station Transformer #1
station and
safeguard loadg.
ba 6.9kV Circuit Protect Statior Same as 5a Same as 5a Same as 5a Same as 5a None: Load is transferred to
Breaker Transformer #4 Station Transformer #3,
6b 6.9kV Bus Duct Supply power td Short Circuit |Mechanical Dawmage, Fire, |Loss of Power to two safe- Loss of Voltage Annunciate | Nome: Load is transferred to
Station Trans- | Open Circuit or Electrical Failure. guards buses. in control room Station Transformer #3,
former #4
7 Station Trans- Supply power Fails to de~ Internal fault, bushing |Loss of power to two safe- Same as 6b None: Load is transferred to
former #3 to safeguards liver power fajlure, loss of guards buses, Transformer #4.
buses. insulating oil
8 Station Trans- Same as 7 Same as 7 Same as 7 Same as 7 Same as 6b Same as 6b
former #4
9 4,16kV Bus Duct |{Supply power Same as 6b Same as 6b Same as 7 Same as 6b Same as 7
to safeguards
buses,
10 4,16kV Bus Duct Same as 9 Same as 6b Same as 6b Same as 7 Same as 6b Same as 6b
11, 4.16kV Main Cir- |Protect 4kV Fails to open, |Mechanical failure, stuck [Fails to open; Bus is lost Annunciation, periodic tests None: Redundant buses or
(18, cuit Breakers Buses No. El, Fails to close |contacts, Yelay Ffailure, [Fails to close; Loss of for operational readiness transfer to altermnate source,
25,32, E2, E3, E4 control power failure, or [power to 4kV bus
12, 19 electrical failure
26, 33
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TABLE 8.

3-3 Cont'd.

FAILURE MODE AND EFFECT ANALYSIS FOR AUXILIARY AC POWER SYSTEMS

(Reference Figure 8,3-1 for Item Location)

ITEM DESCRIPTION FUNCTION FAILURE CAUSE (QF FAILURE EFFECTS OF FAILURE HOW FAILURE IS DETECTEP EFFECTS ON SYSTEM
13 4,16kV Circuit Supply Breaker | Fails to open |Mechanical failure, stuck Fails to close: failure to Loss of voltage, annunciate| None: redundant engineered
(20, Breaker Eor diesel Gen{ Fails to close |contacts, relay failure, |provide Bus with power, in control room safeguards equipment provided.
27,34) F1(2,384) control power failure or [Fails to open: loss of bus
electrical failure

13a 4.16kV Cable Connect Short Circuit Mechanical damage, fire, |Fails to provide power to Same as 13 Same as 13
(20a, Diesel to Open Circuit or electrical failure. 4.16kV buses,
27a, i, 16kV buses ‘
34a)
13b Diesel Generator Safeguard Fails to Does not start, generator |[Fails to provide 4.16kV Bus Same as 13 Same as 13
(20b | #1 (2,3, & 4) power for deliver power |[failure with power
27b buses El (E2 to 4.16kV Bus
34b) E3, E4)
14 4,16kV Circuit Protect Same as 13 Same as 13 Fails to open; backup Same as 13 Same as 13
(21,28| Breaker Station breaker opens. Fails to
35) Service close; loss of power to

Transformer Station Service Transformer.

E1(E2,E3,E4)
l4a Cable Connect Same as l3a Same as 13a Fails to provide power to Same as 13 Same as 13
(21a Station Station Service Transformer
28a Service
35a) Transformer

to circuit

breaker
15 Station Service Supply power Fails to pro- [Mechanical damage, short ([Loss of power to 480V Bus Same as 13 Same as 13
(22, Transformers #El |to 480V Bus vide power to |circuit, overheating
29,36)| (E2, E3, & E4) E1A (E2A, E3A,| 480V Bus

E4A)
15a Transformer Connects trans} Fails to Mechanical damage, fire, [Same as 15 Same as 13 Same as 13
(22a, | Throat Connection |former to bus | supply power or electrical failure.
29a, i
36a)




FAILURE MODE AND EFFENT ANLAYSIS FOR AUXILIARY AC POWER SYSTEMS

(Reference Figure 8.3-1 for Item Location)

FAILURE

ITEM DESCRIPTION FUNCTION FAILURE CAUSE OF FAILURE EFFECTS OF HOW FAILURE IS DETECTED EFFECTS ON SYSTEM
16 480V Switchgear Distributes Open circuit Mechanical failure, fire }Loss of 480V load Loss of voltage annunciate | None: Redundant Engineered
(23, 480V power Short circuit | or electrical failure in control room : Safeguards Equipment provided.
30,37
16a 480V Breaker Protects Fails to open | Mechanical failure, stuck|Fails to open: Loss of 480V| Same as 16 Same as 16
{23a MCCE1l (MCCE2 Fails to close| contacts, relay failure, {Bus. Fails to close: Loss b
30a MCCE3, MCCE4) control power failure or |of power of MCC. :
37a) electrical failure
16b Cable 600 volt Same as 16 Mechanical damage, fire, |Loss of power to MCC Same as 16 Same as 16
(23b cable between or electrical failure,
30b, 480V switch-
37H) '{ gear and

B MCCE1 (MCCE2,

MCCE3, MCCE4)

17 MCCE1l (MCCEZ, Supplies 480V { Same as 16 Same as 16 Loss of MCC Same as 16 Same as 16
(24, | MCCE3, MCCE4) loads
31,38
39 4,.16kV Switchgear | Distributes Same as 16 Same as 16 Loss of 4.,16kV Same as 16 Same as 16
(40, 4.16kV power
41,
42)
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8.3.1.2.1 Tests and Inspections

Safety related electric power systems are designed to allow testing of the
operability and performance of the Class 1E compqnents under ‘design '
operational sequehce té the fullest extent possible without requiring shut-
down of the plant. Where such testing cannot be accomplished without
shutdown the complete sequence test will be run during the periodic shutdown

time.

The 4160 and 480 volt circuit breakers and associated equipmenf are tested
while individual equipment is shut down. The circuit breakers may be
placed in the TEST position and tested functionally. Breaker opening and
closing may also be performed. Circuit breakers and contactors for redun-
dant or duplicated circuits may be tested in service without interfering

with the plant operation.

The dc system will be ungrounded and will have detectors to indicate when

an accidental ground has occurred on any leg of the system. A ground in

one leg of the system will not cause'trip-out of equipment being served by
that leg and the ground may be found and removed in an orderly fashion. If
simultaneous grounds on two legs of one system occuf, the circuit protective
device will interrupt the legs involved and service to all other Toads on
that system will continue to be served‘without interruption. The batteries

are under continuous automatic charging and are inspected and checked on a
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routine basis while the unit is in service. Grounds on the dc system,

and battery charger failures, are annunciated in the Control Room.

During olant startup testing each diesel will be tested to verify the ability
of the unit to perform to the design requirements. The diesel generétor
units or other units of the same design are given a sufficient number of
cycles of tests to certify the adequacy of the units for the ihtended
service. Tests will include starting tests to demonstrate the ability to
attain ‘and stabilize frequency and voltage within the rated 1%mits and

time, and Toad acceptance tests to demonstrate the ability tb accept

loads in the desired sequence and time duration. In addition, operational
tests will be run to demonstrate the ability te carry the continuous rated
load without exceeding the manufacturer's design 1imits. Load rejection
tests will be run to demonstrate the ability to reject the maximum rated
load without exceeding speeds or voltages that cause tripping, mechanical or

harmful overstresses.
After being placed in service, the diese] generator unit can he tested
periodically to demonstrate the continued ability of the unit to perform

to design Timits.

The peribdic testing program will be defined in the Owner's Application.




8.3.1.2.2 Quality Assurance

A1l electrical equipment associated with the safety features is listed on
table 3.2-2, section 3.2 and is subject to the rquireménts of the Quality
Assurance Program defined in Chapter 17. Supp]iers>of7iE class equipmént
will have quality assurance programs that satisfy the requirements of

10 CFR 50, Appendix B and equipment will be inspectedA"in—shopf for com-
pliance with the specifications. In addition certain operational tésts "1n-
facility" and documentation of such procedures will assure pre-shipment
(plant) system compliance and operation integrity equivalent to “on—sfte"

testing.




8.3.1.2.3 Cable Design and Routing of Circuits

The design of cable, electrical penetrations, and circuit routing minimizes

failure in electrical cable and penetration systems. Design criteria

encompass the areas listed -below:

1. Cable construction
2. Circuit protection
3. Sizing of power cable

\ ‘

4. Cable tray loading, construction, and wiring

5. Cable tray separation

6. Cable routing

7. Fire detection and alarms
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8.3.1.2.3.1 Cable Construction

To meet stringent service.and environmental requirements, all cable complies,
where applicable, with the 1atestAstandards of the Insulated Power Cable
Engineers Association (IPCEA), National Electrical Manufacturers Associa-
tion (NEMA), Institute of Electrical and Electronic Engineers (IEEE),
Instrument Society of America (ISA), and American Society for Testing

Materials (ASTM).

A11 cable is flame-retardant. Power and control cable insulation will be
ethylene-propylene rubber-base with an overall jacket of neoprene or hypalon
or will be an insulation having properties equal to or better than the above
insulation. Instrumentation cable varies with the type of signal conveyed

but will meet the insulation properties of power and control cables.

The insulation and jackets described are thermally stable compounds

which can perform their designated functions even when subjected to severe
loss-of-coolant accident (LOCA) conditions where applicable. Power and
control cables have been subjected to Underwriter's Laboratories (UL),

NEMA, IPCEA, and other flame tests required to prove cable reliability.

Flame tests have been conducted on two horizontal cable trays,. spaced ver-

tically per the criteria for cable tray separation. (See paragraph
8.3.1.2.3.5.}% With the lower row of cables subjected to over 900°F, fire was

not propagated and the cables in the upper tray were unaffected.




The cable constructions were chosen to offer an optimum balance of elec-
trical, physical, aging, and water absorption characteristics,.and flame
retardant and mechanical propertiesi The excellent test and performance

record of.this type cable was a fagtor in formulating the cable tray

separation criteria.

Several cable manufacturers have conducted tests which demonstrate the
insulations to be servicable after having been subjected to a radiation
dose of 2.0 x ]ograds and pressure, temperature, and humidity conditions of
50 psig, 3GO°F and 100% respectively. Actual aging tests simulated a 40
year life by subjecting cable to temperatures in excess of 300C°F for

14 days to substantiate that the cable was still serviceable.

6.9 kV system cable is single conductor, 8 kV insulation, strand and in-

sulation shiefded, 900C, copper conductor, ungrpunded.

4.16kv system cable is single conductor, 5 kV insulation, strand shielded,

QOOC, copper conductor, . ungrounded.

480 V system cable is single.or three conductor, 600 V insulation, 90°C,

copper conductor. N




120 VAC, 125 VDC, and 250 VDC system cable is two conductor, 600 V

insulation 90°C, copper conductor.

Generally, control cable will be #16 AWG stranded copper, however, #12

and #14 will be used where required. Power cable will be a minimum #12 AWG.
8.3.1.2.3.2 Circuit Protection

Cables are protected>against overloads and faults. - A1l 6.9kv, 4.16kV
and 480 V power circuits are breaker protecfed. A1l three phases will be

simultaneously interrupted by circuit breakers.

A1l control power feeders are protected by circuit breakers and secondary

control circuits are pfotected by fuses or breakers.

High-speed clearing of faults prevents damage to cables. The sizing of
cables preQents the conductor temperature from exceeding the design value

for the maximum possible fault current.
8.3.1.2.3.3 Sizing of Power Cables
Power cable ampacity and installation conform to the latest IPCEA re-

quirements. Cables will be derated based on raceway fill to prevent

overheating.




8.3.1.2.3.4 Cable Tray Loading, Construction, and Wiring

The percentage of cable tray fill, determined by total cross-sectional

area of cables in tray, will be a maximum of 40% for power cables.

Control and instrumentation trays may be filled to the top of the side
rails. The allowable load capacity (in pounds per linear foot) will be

based on the latest NEMA and IEEE Standards.

Cable trays will be hot-dipped galvanized steel. Either Tadder or solid
bottom type will be used depending on the protection needed for the cables .

in the tray.
Cable trays will be supported according to NEMA Standards.

" Cable trays, conduits, or other raceways carrying Class 1E circuits will

meet seismic Category 1 requirements.

Where cable trays are installed directly above or beneath equipment at
which cables terminate, the cables may be run from the tray to the equip-
ment without support provided such cables are supported by other means

at intervals not to exceed 42 inches.
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Generally, cable will be run without splices. If necessary, splices will
be made in a junction, except for cables penetrating the containment which

will be spliced at the containment penetration without a junction box.
8.3.1.2.3.5 Cable Tray Separation

Separation criteria will be established based on the location of the trays
within the plant so as to preclude any single credible event from rendering
inoperative the redundant countérparts of any system. Special consideration
will be given to potential hazards, including missiles, in the various,areaé.
The routing of redundant safety related cables in hazardous areas is min-
imized. Barriers will be provfded and maximum ﬁractica1 physical separation

will be provided where needed.

In general, cable trays containing‘safety related power cables will be
separated fkém other redundant power and control trays by a distance of
no less than 36 1nche§ vertically or 12 inches horizontally. Redyndant
control cab]evtray will be separated by no less than 18 1ncHes vertically
or 12 inches horizontally. Where these minimum distances cannot be met,
suitable fireproof barriers will be installed, or protection will be

furnished by conduits, tray covers, solid bottom trays, or other means.

Cables of redundant systems will be routed separately. Redundant, safety-

related cables will bevphysica11y ;eparated by such a distance so that
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damage from potential hazards will not prevent the plant safety systems
from fulfilling their intended functions. Routing of one redundant safety-

related cable above another redundant cable will be minimized.
8.3.1.2.3.6 Cable Routing
There will be three types of cable raceways:
1. Medium voltage power - 6900 V and 4160 V
2. Low voltage power - 480 VAC, 118 VAC, 125 VDC, and 250 VDC.
3. Instrumentation and Control.

These types will be separated from each other by being 1nsté11ed in differ-

ent raceways.

An exception to this rule will be that #10 AWG and smaller low voltage
power (Type 1) cables may be run in an instrumentation and control (Type 3)
tray if a barrier separates the cables. Wherever possible, medium

veltage power Type 1) trays will be the uppermost tray with Tower voltage
power and instrumentation and control trays being successively lower in

elevation.

8.3-23




Cables will be run in the appropriate Type and Channel tray. If a cable
has no channel c1assification; it may be run with any one channel. How- L
ever, once a cable is run with a channel, it may not be run with any other -

channel.

The * arrangement of components on control boards will be in a logical re-
lationship so as to optimize safe operation. This normally dictates that
redundant control devices and circuits be located in close proximity to
each other on the same panel section. The wiring associated with these
redundant circuits will be 5und1ed and routed to maintain maximum air .
separation between redundant circuit bundles. Each redundant wire bundle
will be indentified as to its particular saftety channe]vor train thereby.
The mutally redundant bundles will be kept separate and will be terminated
on geparate terminal blocks. Mutually redundant cables will enter the en-

closure through separate openings of not otherwise isolated.

Fire retardant wiring will be utilized throughout the control boards for

both. redundant and non-redundant circuits as an additional safety factor.

When it is necessary to preserve the water-tight integrity of a compart-
meﬁt, a multi-cable transit system or the equivalent will be used for

cable entry and exit from the containment.

Openings in wall and floors for cable or conduit runs will be sealed with

fire-resistant material.




Cable routing records (conduit and cable schedule) will be prepared to
establish a permanent record of cable designations, cable types, ofigins,
terminations, and routings. The coding of cables will allow easy identi-
fication of safety-related cables. A1l cables will be identified by a
tag affixed at both ends bearing the code and cable designation of the

cable,

8.3.1.2.4 Lightning Protection

The uncoated platform steel and building columns, trusses, girders, sheath-
ing, etc., are considered to be a continuous distributed ground grid con-

necting all parts of the structure to earth through the basin saline water.
By this continuous sheath all apparatus contained within the plant is con-

sidered to be shielded from the effects of 1lightning.

The containment shield building will be protected by suitably mounted

grounded air terminals.

.
<
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8.3.2 DC DISTRIBUTION SYSTEMS

8.3.2.1 Description

The 125 volt dc systems provide a source of reliable,uninterruptible, dc
power for all normal and emergency control, instrumentation, emergency
lighting and power 1oads. Five independent and separate dc systems are
provided, four 125 vdc systems and one 250 vdc system, each with its own
battery and battery charger. Only the 125 vdc systems are used fdr safety
related equipment. These 125 vdc systems are separate and redundant so

that failure in one system will not affect the other systems.

As shown in Figure 8.3-9, the system consists of 125 vdc distribution panels,
125 vdc battery chargers, and 125 vdc batteries. Each dc bus is supplied
from a battery charger with the battery f]oating on the bus. Power for

each 125 vdc distribution bus is supplied through the battery charger from

a separate 480 V safety\related motor control center, which is automatically

powered from a standby diesel generator on loss of the preferred source.

Each charger supplies the normal dc loads and periddica]ly supplies the
equalizing charge. One spare battery charger is provided on site and

in the unlikely event that a charger fails, it can be connected and placed
in service. The basis for sizing each battery charger is to provide
capacity to restore the battery to full charge after the battery has been

~discharged, while also carrying}normal load.
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To maintain separation in the essential 4160 and 480 Vac systems,

separate dc systems are provided for each set of essential buses. Channel

independence is maintained in the feeds to the safety related apparatus.

8.3.2.1.1 Station Batteries

The design basis for each of the 125 volt station batteries is to provide

capacity to sugpjy vital loads without charger support.
Each battery has adequate storage capacity to carry the following required
loads without charger support for a period of two hours:

1. Instrument inverters

2. Engineered safeguards control

3. Emergency lights

4. Circuit breaker tripping and closing

5. Diesel generator control

6. DC so1en§ids for air-operated valves,

7. Miscellaneous controls and alarms




The 125 volt batteries are mounted on racks, with non-combustible spacers
between cells to prevent shifting. Each battery room has an independent
ventilation system adequate to remove any toxic gases that may be

generated.

The batteries are in separate areas 'in the auxiliary building near the
essential dc buses they serve, thus maintaining isolation between the

" four systems.
8.3.2.2 Analysis

The dc system is so arranged that a single fault within the system will
not prevent the reactor protection system and the engineered safeguards
systems from performing their safety functions. A failure mode analysis
of the safety features dc power system verifies that the system satisfies
the single failure criterion. Table 8.3-4 show the analysis of each

component of the system and the effect of a failure. The Testing, Ouality

Assurance, Cable Routing, Separation, Marking and Fire Detection are

covered in paragraph 8.3.1.2 for both ac and dc systems.




TABLE 8.3-4

FAILURE MODE AND EFFECT ANALYSIS FOR AUXILIARY DC POWER SYSTEMS

(Reference Figure 8.3-9 for Item Location)

CAUSE OF FAILURE

ITEM DESCRIPTION- FUNCTION FAILURE EFFECTS OF FAILURE HOW FATLURE IS DETECTED EFFECTS ON SYSTEM
El-1 Rattery charger Supply de Fails to pro- Component failure, Loss of charging capability|Periodic testing, Annun- None: Battery El supplies
(E1) power vide power Loses source Loss of dec bus El1 after 2 ciation power for 2 hours
hours with continuous ES equipment provided from
normal load busE2, E3, E4. Vital
instruments still supplied
from inverter.
E1-2 | Feeder breaker Protect bus Fails to open Stuck contacts, Mechani-j Fails to open: Loss of Annunciation, Periodic Fails to close:
El cal failure bus El. Testing None: Battery EI supplies
Fails to close Fails to close: Loss of power for 2 hours with con-
charging capability and tinuous normal load,
loss of de bus El after 2 Fails to open:
: th .
Egzzzlwigadcontlnuous None: ES Equipment provided
from buses E2, E3, and E4.
Vital instruments still
supplied from inverter.
E1-3 | Battery fuse Protect bus Fails to open Bus or cable fault Fails to open: Loss of Annunciation, Periodic None: ES Equipment provided
El bus El Testing by buses E2, E3, E4. Vital
Battery instruments still supplied
from inverter.
El-4 | DC Bus El Distributes Fails to Mechanical failure Loss of one ES load group Annunciation None: ES Equipment provided
power deliver power by buses E2, E3, E4. Vital
instruments still supplied
from inverter.
E1-5 | 480V supply feeder| Power feeder | Loses source Cable fault Loss of ac power to inverter|Annunciation, Periodic None: Inverter will be
from MCCEl No. 5 Testing supplied from dec bus.
to inverter
No. 5
El-6 DC Supply breaker Protect Fails to open Mechanical failure, Fails to Open: Loss of Annunciation, Periodic Fails to open:
Inverter Stuck contacts inverter No., 5 Testing None: Computer is lost. Not
No. 5 a safety related item,
Fails to close Fails to Close: None: Fails to close:

Power supplied through
regular ac source

None:
MCCE1.

Regular supply from

NOTE:

ES= Engineered Safeguards
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FAILURE MODE AND EFFECT ANALYSIS FOR AUXILTIARY DC POWJER SYSTEMS

(Reference Figure 8.3-9 for Item Location)

ITEM DESCRIPTION FUNCTION FAILURE CAUSE OF FAILURE EFFECTS OF FAILURE HOW FAILURE IS DETECTED EFFECTS ON SYSTEM

E1-7 | DC Supply breaker| Protect Same as El-6 Same as E1-6 Fails to open: Loss of Same as E1-6 Fails to open:
inverter inverter No. El None , ES equipment provided
No. El Fails to close: None, from bus E2, E3, and..E4

Power supplied through Fails to close:
regular ac source None , Power supply from
MCCEL.

E1-8 | Load breaker Protect Same as El-6 Same as El-6 Fails to open: Loss of Same as El-6 None: ES equipment provided
distribution Distribution panel El by bus E 2, E3, and E4. Vital
panel El Fails to close: Loss of instruments still supplied

power to distribution panel from inverter.
El

El-9 Inverter No. 5 Supplies ac Does not con- Component failure Loss of power to computer Annunciation, Periodic None: Computer is shutdown.
power to vert dc to ac Testing Not a safety related item
computer .

E1-10 DC feeder Supplies dc Loses source Cable fault Loss of dc power to inverter|Annunciation, Periodic None: Inverter is supplied
power to in- Testing through regular ac source.
verter No.E1l

El-11 Distribution Distribution|{ Fails to de- Mechanical failure Loss of one ES load group Annunciation None: ES Equipment provided

Panel E1 power liver power by bus E2, E3, E4. Vital
ingtruments still supplied
from inverter.

E1-12 480V supply Power feeder| Loses source Cable fault Loss of ac power to inverter|{Annunciation, Periodic None: Inverter will be

feeder from MCCEL Testing supplied from alternate dc
to inverter source
No. El
E1-13 Inverter No, El Supplies ac Does not con- Component failure Loss of power to vital Periodic Testing, None: ES Equipment provided

Power

vert dc to ac

instrument bus

Annunciation

by bus E2, E3, E4

NOTE:
ES= Engineered Safeguards
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TABLE 8.3-4 Continued

FATLURE MODE_AND EFFECT ANALYSIS FOR AUXILIARY DC POAER SYSTEMS _

(Reference Figure 8.3-9 for Item Location)

ITEM DESCRIPTION FUNCTTI ON FATLURE CAUSE OF FAILURE EFFECTS OF FAILURE HOW FAILURE IS DETECTED EFFECTS ON SYSTEM
El-14 [Maintenance
Tie breaker Provides alter-Fails to close | Mechanical failure Fails to open: Loss of Periodic testing Fails to Open:
Inate s?pply vital instrument bus None, ES Equipment provided
.for mainte-- Fails to close: Loss of by bus E2, E3, F4. Fails to
nance power to vital instrument Close: None > Vital in-
bus strument bus supplied by
inverter,
E1-15 |Feeder breaker Protects Fails to open Mechanical failure Fails to open: Loss of Periodic Testing None: ES Equipment provided
vital in- Fails to close vital instrument bus by bus E2, E3, E4.
strument bus Fails to close: Loss of
instrument bus
E1-16 |Vvital instrument Distributes |[Fails to deliver | Overload, short circuit Loss of one ES load, group Annunciation None: ES Equipment provided
bus No, 1 Power power by bus E2, E3, E4
3
NOTE

Engineered safeguards trains E2, E3, and E4 are identical to Train El in Design and
Failure Mode and Effect Analysis with the following exceptions:

El-5 - Computer Inverter Auxiliary Feeder

El-6 - Computer Inverter Feeder Breaker

El-9 - Computer Inverter

NOTE:
ES= Engineered Safeguards
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TO ONSHORE SWITCHYARD

EQUIPMENT LOADING : @_.). e J._@
ENGINEERED SAFEGUARDS i . @)
6.9 KV AN6 KN T : )
EQUIPMENT (4.16KV & 69KV) ~ | BUSI | BUS2 | BUS3 | BUS4.| BUSEl | BUS E2| BUSER| BUSE4 NE 1
REACTOR COOLANT PUMP | THRU 4 7OQOHP | TO00 HP | TOOOHP | 7000 HP ne ne
NC NG
CONDENSATE PUMP | THRU 3 .| BOOOHP | 3000 HP | 3000HP o sTATION GENERATOR GENERATOR NG/ , j
CIRCULATING WATER PUMP | THRU 6 2000 HP| 2000HP|2-2000HP |2-2000 HP SEAANAA ALy TRANSTORMER MALAN TRANERORMER | TRANSFORMER 2 \MLW : TRANSFORMER 2
NON-ESSENTIAL RAW WATER PUMP (THRU4|  TOOHP| 700HP| TOOWP| 7O0HP ® l | T ®
HIGH PRESSURE HEATER DRAIN PUMP 182 | 1250HP| 1250WP ‘ '
4 GENERATOR
—)— -——
N = ) N.O.
COMPONENT COOLING WATER PUMP | THRU 3 ' 350HP | 350HP | 350HP ge- k- B gz 4 - . -
0Z 3 u.{_ h
CENTRIFUGAL CHARGING PUMP 142 . 400HP | 400HP bl BF Gy SE £2y
. Z 2 ZZ0 .
FIRE PUMP |THRU 3 - 300HP | 300WP | 300HP B9 i M A 6o wveusy . 'n
AUXILIARY FEEDWATER PUMP | THRU 4 300 HP | 300 HP | 300 HP | 300 HP ' ' _
STA.SERNW, STA.SERV,
CONTAINMENT SPRAY PUMP | THRU 4 ' 400 HP | 400 HP | 400 HP | 400 WP TRANRE. Zh o TR 2
"HIGH HEAD SAFETY INJECTION PUMP | § 2 600 HP ©00 HP P > 4aov US 24 420\/‘ Bus 1B
T o a o !
RESIDUAL HEAT REMOVAL PUMP 1 ¢ 2 400HP | 400HP A N N
- Q = b 43 o E
SAFETY INJECTIONPUMP | & 2 400 1P 400 HP e 423 22 43 et ;25
' + g3 8§ ga  zkR o 6.9 K\ BUS 3
AUXILIARY RAW WATER PUMP | THRU 3 . | 60DHP T 600 HP | 60O 1P { =
ENGINEERED TR s E ity ‘%’e
SAFEGUARDS
: 4B0V [ZEON [ABON |4B0Y. | 4BON [4B0N | 480V | 48DV [ 480V | 280V ] 480V 480V > __rm_}:uov ABov Bus 38
EQUIPMENT (480V) BUS1A |BUS 2A[60S 28/BUS 34 | BUS 38]8US £A|8US &RJBUS EIA/BUS E2NBUSE3AIBUSEL £ bo  fo £ BEo ;
wn 3
LOW PRESSURE HEATER DRAINPUMP 14 2 [350HP 350HP g3 &% Y %; \1’1;2
* ; 5 g5 .
SCREEN WASH PUMP | & 2 , 125WP [12Z5HP , = 482 52 2 B R 69y BuS s ne
[ l_J
SERVICE WATER PUMP | THRU 4 OHP| . 350HP 350HP 350HP NG [5 I Eﬂ ca sem -
Sa. . Y. Ga
BRINE RECYCLE PUMP 1A, IB, 2A ¢ 2B 200HP|, OOHP 200HP 200HP TRANSE. 4®
: pdor RSN e RSN &
CONTROL BLDG. REFRIG.COMPRESSOR 182  193KW|.. | 93KW N asoy | musaa Bus ey parred i
. 2%
CONTROL ROD DRIVE M-GSET 142 I50HP 150HP NT @ g’;: y E« £, ,ﬁg«
: A ; PO
LIGHTING TRANSFORMER 1 & 4 225 KA 225Ky " doz & g% 3% §¥§ o
‘ 208 a S s a> 4.6 KV BUS B 3 m
LIGHTING TRANSFORMER 3 250KWA { - 1
[ AUX. BLDG. MAIN SUPPLY FAN- 150HP ‘ —® © g — im@g«;\ @ @ ©
__AUX BI DG MAIN EXHAUST EAN 182 _ » - 250HP 250HP @—’. D‘,ESE‘_
CHARGING PUMP 200HP : ' : .——. 8o~ Lows ) ® CENERRTOR
OFF LOAD DERRICK (MAIN HOIST) 125HR] (@ F: —
_CONTAINMENT LWR, COMPT. CODLING FANS | THRU 4 V2547 | 1254P |125HP 125 WP ! pe 416wy BUS E2 = "
1 a | S T
PRESSURIZER HEATER CONTROL GROUP 41GKW _ 2 @—_' sTasee, g
PLANT VENTILATION SUPPLY FAN |, 2¢3 125 1P 125HP 125Hp 3 C TRANSE. B2 - §
w
MOTOR CONTHOU CENTERS 300KVA[ZD0KVA|300KVA[300KVA|300KVA[BDOKNA|Z00KVA]300KNA 4 ® @‘W’ Bus g2A c.&:éi:\"?m F
ADMIN.¢ SERVICE BLI.COMPRESSOR 142 ] 120 KN - 120KW o @C}‘—- ) a
3p) w
|_AUX. BLDG. BASEMENT4 SAFEGUARDS EXHAUST 142 1251P |- 125HP z N ﬁ r
u M A, \BK%EB . o B w
é (0 L Z
z D) @ @ STaseRy —@ @9 %
.——v RAN €3 C 9
. 480\/ BUl E3A GER!IEE%'\FOR
@y
ESSENTIAL RAW WATER PUME. | THRU 4 : 250 4P [250HP | 250MP|250HP Q C ﬁ
MOTOR CONTROL CENTER, E|,E2,E3 £E4 . ' " [Boo kva|300Kva|300 Kva[z00KVA pe 416wy BUS E4 s
ANNULUS FILTRATION HEATER 1§ 2 A0KW| 4OKW . ® 6> I— ®
- STA,SERV. K
ESSENTIAL SERVICE WATER PUMP | THRU 4 6OHP, [60 HP [60 HP (60 HP & G5———— TRaN® e &
CONTAINMENT AIR RETURN FAN | & 2 40HP 40HP D ‘_—'—489\1 Bus g4 SENEARTOR
CONTAINMENT HYDROGEN RECOMBINER 1§ 2 T5KW 75 KW 3 ¥
CONTROL ROOM REFRIG. CONDENSER 1§ 2 ‘ \00HP |1001P G eced -
SPENT FUEL PIT PUMP. . 12BHP i (O NUMBER TO BE USED WITH FAILURE MODE ANALYSIS.
CONTAINMENT LWR. COMPT. FAN COOLERS | THRU 4 . J75HP|175HP |175HP | 1751 ’ OFFSHORE POWER SYSTENS
PRESSURIZER HTR, BACKUP GROUP | THRU 4 346 KW [346 KW (346 KW |346 KW .
Title: FLOATING NUCLEAR PLANT MAIN
ONE LINE
1/1/73 Figure: 8.3'—]
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