Tennessee Valley Authority, Post Office Box 2000, Soddy-Daisy, Tennessee 37384-2000

September 12, 2001

TVA-SON-TS-01-04 10 CFR 50.90

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D. C. 20555

Gentlemen:

In the Matter of ) Docket Nos. 50-327
Tennessee Valley Authority ) 50-328

SEQUOYAH NUCLEAR PLANT (SQN) - UNITS 1 AND 2 - TECHNICAL
SPECIFICATION (TS) CHANGE NO. 01-04, REVISED ICE WEIGHT

In accordance with the provisions of 10 CFR 50.4 and 50.90,
TVA is submitting a request for an amendment to SQON s
Licenses DPR-77 and 79 to change the TSs for Units 1 and 2.
The proposed change revises the SQN Ice Condenser
Specification 3/4.6.5 to increase the total ice weight from
2,082,024 pounds to 2,225,880 pounds. The proposed change is
required to address a computer modeling input error that was
identified by Westinghouse Electric Company (reference
Westinghouse Potential Issue Number PI-00-011) regarding the
treatment of mass and energy inputs in SQN' s long-term
containment pressurization analysis. The input error affects
the ice mass required by the analysis to maintain the present
calculated peak containment pressure. The basis for TVA' s
proposed TS change is provided in an enclosed topical report
entitled, “Tennessee Valley Authority Sequoyah Nuclear Plant
Units 1 and 2 Containment Integrity Reanalyses Engineering
Report (WCAP-12455, Revision 1, Supplement 1R).”
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The analysis input error is being addressed within TVA’s
Corrective Action Program and is being administratively
controlled in accordance with NRC Administrative Letter 98-
10. This administrative control is provided as a commitment
in TS 01-07, “Ultimate Heat Sink,” submitted to NRC on

July 10, 2001.

TVA has determined that there are no significant hazards
considerations associated with the proposed change and that
the change is exempt from environmental review pursuant to
the provisions of 10 CFR 51.22(c) (9).

The SQN Plant Operations Review Committee and the SQN Nuclear
Safety Review Board have reviewed this proposed change and
determined that operation of SON Units 1 and 2, in accordance
with the proposed change, will not endanger the health and
safety of the public. Additionally, in accordance with

10 CFR 50.91(b) (1), TVA is sending a copy of this letter to
the Tennessee State Department of Public Health.

Enclosure 1 to this letter provides the description and
evaluation of the proposed change. This includes TVA's
determination that the proposed change does not involve a
significant hazards consideration, and is exempt from
environmental review. Enclosure 2 contains copies of the
appropriate TS pages from Units 1 and 2 marked up to show the
proposed change. Enclosure 3 forwards the revised TS pages
for Units 1 and 2 which incorporate the proposed change.
Enclosure 4 provides a copy of the engineering topical report
(WCAP-12455, Revision 1, Supplement 1R).

As previously discussed, administrative controls are in place
for this TS change. Thus, TVA does not have a specific need
date for NRC review and approval. No commitments are
contained in this letter.

In accordance with NRC RIS 2001-05, only one paper copy of
this document is being sent to the NRC Document Control Desk.
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If you have any questions about this change, please telephone
me at (423) 843-7170 or J. D. Smith at (423) 843-6672.

. Liéé551ng and Industry Affairs Manager

Subscribed and sworn tofbefpore me
this [;QHZ day of ;
e /1 6//44@/&/6\

Notdry Public

My Commission Expires October 9, 2002

cc (Enclosures):
Mr. Lawrence E. Nanney, Director (w/o Enclosures)
Division of Radiological Health
Third Floor
L&C Annex
401 Church Street
Nashville, Tennessee 37243-1532

(Via NRC Electronic Distribution)
Mr. R. W. Hernan, Project Manager
Nuclear Regulatory Commission
Mail Stop 0-8G9
One White Flint, North
11555 Rockville Pike
Rockville, Maryland 20852-2739

NRC Resident

Sequoyah Nuclear Plant

2600 Igou Ferry Road

Soddy-Daisy, Tennessee 37384-2000

U.S. Nuclear Regulatory Commission
Region II

Sam Nunn Atlanta Federal Center

61l Forsyth St., SW, Suite 23T85
Atlanta, Georgia 30303-8931
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ENCLOSURE 1

TENNESSEE VALLEY AUTHORITY
SEQUOYAH NUCLEAR PLANT (SQN)
UNITS 1 AND 2
DOCKET NOS. 327 AND 328

PROPOSED TECHNICAL SPECIFICATION (TS) CHANGE NO. 01-04
DESCRIPTION AND EVALUATION OF THE PROPOSED CHANGE

DESCRIPTION OF THE PROPOSED CHANGE

TVA proposes to modify the Sequoyah Nuclear Plant (SQN)
Units 1 and 2 technical specifications (TSs) to revise TS
3.6.5.1 and Surveillance Requirement (SR) 4.6.5.1.d.2 to
raise SQN's minimum TS ice basket weight from 1,071 pounds
(1bs) to 1,145 1lbs, and to raise the overall ice condenser
weight from 2,082,024 1lbs to 2,225,880 lbs. The
associated TS Bases section is also revised to include
these changes in ice weight values.

REASON FOR THE PROPOSED CHANGE

TVA is proposing a revision to SQN TSs to ensure that TS
ice mass values remain consistent with design basis values
as contained in SQN’ s containment integrity analysis.

Westinghouse Electric Company has determined that the
interface between two computer models (i.e., computer
model for loss-of-coolant accident [ LOCA] mass and energy
release for containment design and the computer model for
long-term ice condenser containment [ LOTIC-1] ) contained
an incorrect input assumption regarding the separation of
steam and water from the two-phase mixture released
downstream of a primary reactor coolant pipe break
following a postulated LOCA. This resulted in erroneous
treatment of the two-phase mixture which causes the
calculated peak pressure inside containment to be non-
conservatively low. A containment integrity reanalysis
(WCAP-12455, Revision 1, Supplement 1lR) was performed to
implement corrections to the LOTIC-1 computer code input
assumptions that account for the mass and energy interface
error. The reanalysis determined that an increase in the
analytical ice mass value is necessary to retain the
current calculated peak pressure. Consequently, TVA is
proposing the enclosed change to the TSs to increase the
licensing basis minimum ice mass.
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III.

SAFETY ANALYSIS

The current containment integrity analysis for SON Units 1
and 2 1is documented in WCAP-12455, Revision 1 (September

1995). The analysis utilizes a Westinghouse computer
model (LOTIC-1) to calculate the peak containment pressure
following a LOCA inside containment. The calculated peak

pressure for SQN is 11.44 pounds per square inch gauge
(psig) which is below the containment design pressure of
12.0 psig. The assumption contained in the LOTIC-1
computer model for this analysis includes an initial ice
mass in the ice condenser of 1.792 x 10° lbs of ice. A
discussion of SQN’ s design basis analysis (WCAP-12455) is
contained in Section 6.2.1.3 of the SQN Final Safety
Analysis Report.

A reanalysis of SQN s containment integrity analysis was
performed to account for a correction to the LOTIC-1 code
The reanalysis is provided in Enclosure 4 as WCAP-12455,
Revision 1, Supplement 1R, “Tennessee Valley Authority
Sequoyah Nuclear Plant Units 1 and 2 Containment Integrity
Reanalyses Engineering Report.” The reanalysis determined
that the ice mass necessary to maintain the same
containment peak pressure (11.44 psig) increases from
1.792 x 10° to 1.916 x 10° 1lbs. Additional changes to the
SQN plant specific pressurization model include:

(1) revision of SQN’' s ultimate heat sink temperature from

85 degrees Fahrenheit (°F) to 87 °F, and (2) enhancement of
containment spray heat exchanger performance.

The SQN TSs currently contain minimum operational ice mass
values that provide margins above the analytical minimum
ice mass values. The TS minimum ice mass ensures that
adequate ice is available over an entire 18-month fuel
cycle. Currently, the SON TS minimum ice basket weight is
1071 1lbs of ice per basket which includes a 15 percent
conservative allowance for ice loss through sublimation.
The current TS minimum for total ice weight in the ice
condenser is 2,082,024 lbs of ice which includes an
additional 1 percent conservative allowance to account for
systematic error in weighing instruments.

TVA adds ice to SQN’ s ice condensers each refueling outage
to ensure that the TS minimum ice mass is achieved prior
to startup (this ice mass is referred to as the as-left
value). As a conservative measure, TVA adds additional
ice to the ice condensers over and above the TS minimum.
The addition of ice over the TS minimum is a TVA
maintenance practice (servicing plan) that is based on
historical ice weight data and visual inspection history
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of the ice baskets. This maintenance practice ensures
that distribution of ice is uniform throughout the ice
condenser. During the last refueling outages (Cycle 10
refueling outage for each unit), TVA added additional ice
to the ice condensers as part of TVA' s servicing plan.
The additional ice mass provided as-left ice weight for
Cycle 11 operation. The as-left ice weight for Unit 1 at
the start of Cycle 11 operation was 2,672,000 lbs of ice
for an average as-left weight per basket of 1374 lbs

(95 percent level of confidence). The as-left ice weight
for Unit 2 at the start of Cycle 11 operation was
2,582,761 lbs of ice for an average as-left weight per
basket of 1346 lbs.

TVA’ s proposed TS change increases the TS minimum ice
weight from 2,082,024 lbs to 2,225,880 1lbs. This

6.9 percent increase in weight reduces the margin between
the TS required minimum and the as-left ice weight,
however, TVA' s servicing plan and the as-left ice weight
values from Cycle 10 as provided above, ensure that
sufficient ice is present to support safe operation during
cycle 11.

SON’ s containment integrity analysis remains unchanged
with regard to SQN' s containment design pressure and the
analytical peak containment pressure following a
postulated LOCA. The margin of safety provided by the
containment design is not affected by TVA' s proposed TS
change. Accordingly, justification exists for increasing
SON' s TS minimum ice weight wvalues to account for the
LOTIC-1 code error.

NO SIGNIFICANT HAZARDS CONSIDERATION DETERMINATION

TVA has concluded that operation of Sequoyah (SQON)

Units 1 and 2, in accordance with the proposed change to
the technical specifications (TS), does not involve a
significant hazards consideration. TVA's conclusion is
based on its evaluation, in accordance with 10 CFR
50.91(a) (1), of the three standards set forth in 10 CFR
50.92 (c).

TVA proposes to modify SQON TS 3.6.5.1 and Surveillance
Requirement (SR) 4.6.5.1.d.2 to raise SQN's minimum TS ice
basket weight from 1,071 pounds (lbs) to 1,145 1lbs, and to
raise the overall ice condenser weight from 2,082,024 lbs
to 2,225,880 lbs. The associated TS Bases section is also
revised to include these changes in ice weight wvalues.

E1-3



The proposed amendment does not involve a significant
increase in the probability or consequences of an
accident previously evaluated.

The analyzed accidents of consideration in regards to
changes affecting the ice condenser are a
loss-~of-coolant accident (LOCA) and a main steam line
break (MSLB) inside containment. The ice condenser
is a passive system and is not postulated as being
the initiator of any LOCA or main steam line break
(MSLB) and is designed to remain functiocnal following
a design basis earthquake. In addition, the ice
condenser does not interconnect or interact with any
systems that have an interface with the reactor
coolant or main steam systems.

For SQN, the LOCA is the more severe accident in
terms of containment pressure and ice bed meltout and
is therefore the more limiting accident. SQN’ s LOCA
Containment Integrity Analysis calculates the post-
LOCA peak containment pressure to be 11.44 pounds per
square inch gauge (psig), which is below SQN’ s
containment design pressure of 12.0 psig. The
analysis contains an assumed ice mass that is an
input value to the calculation to ensure that
sufficient heat removal capability is available from
SQN' s ice condenser to limit the accident peak
pressure inside containment. The analyzed peak
accident pressure must remain below the containment
design pressure.

TVA’ s proposed TS revision reflects the ice mass
assumed in the SQN’ s Containment Integrity Analysis.
Accordingly, TVA’ s proposed change ensures that ice
mass values retain the existing margin between the
calculated peak containment accident pressure and
SON' s containment design pressure.

Since the proposed changes to the TS and TS bases are
solely to revise ice weight values to reflect current
margins within SQN" s analysis, and are not the result
of or require any physical changes to the ice
condenser, there is no change in the probability of
an accident previously evaluated in the Safety
Analysis Report.

Based on the above discussions, the proposed changes

do not involve an increase in the probability or
consequences of an accident previously evaluated.
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The proposed amendment does not create the possibility
of a new or different kind of accident from any
accident previously evaluated.

Because the TS and TS bases changes do not involve any
physical changes to the ice condenser, or chemical
changes to the ice contained therein, or make any
changes in the operational aspects of the ice
condenser as required by the TS, there are no new or
different kind of accidents created from those already
identified and evaluated.

The proposed amendment does not involve a significant

reduction in a margin of safety.

The ice condenser TSs ensure that during a LOCA or
MSLB the ice condenser will initially pass sufficient
air and steam mass to preclude over-pressurizing
Jower containment, that it will absorb sufficient
heat energy initially and over a prescribed time
period to assist in precluding containment vessel
failure, and that it will not alter the bulk
containment sump pH and boron concentration assumed
in the accident analysis. TVA' s proposed change does
not physically alter the ice condenser, but rather
accounts for changes to input assumptions for SQN s
containment pressure analysis to correct a computer
model input error. The correction to the model
provides a more accurate accounting of the pressure
response inside containment following a LOCA. The
error correction requires an increase the ice mass
assumed in the analysis to ensure that SQN s post-
LOCA peak containment pressures remain unchanged.
The margin that exists between the accident peak
pressure and the containment design pressure is
unaffected. Accordingly, TVA’' s proposed change does
not reduce the margin of safety.

ENVIRONMENTAL IMPACT CONSIDERATION

The proposed change does not involve a significant
hazards consideration, a significant change in the
types of or significant increase in the amounts of any
effluents that may be released offsite, or a
significant increase in individual or cumulative
occupational radiation exposure. Therefore, the
proposed change meets the eligibility criteria for
categorical exclusion set forth in 10 CFR 51.22(c) (9).
Therefore, pursuant to 10 CFR 51.22(b), an
environmental assessment of the proposed change is not
required.
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ENCLOSURE 2

TENNESSEE VALLEY AUTHORITY
SEQUOYAH PLANT (SQN)
UNITS 1 AND 2

PROPOSED TECHNICAIL SPECIFICATION (TS) CHANGE 01-04
MARKED PAGES

AFFECTED PAGE LIST
Unit 1

3/4 6-26

3/4 6-27

B 3/4 6-4

Unit 2

3/4 6-27

3/4 6-28
B 3/4 6-4

MARKED PAGES

See attached.
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CONTAINMENT SYSTEMS

3/4.6.5 ICE CONDENSER

ICE BED

LIMITING CONDITION FOR OPERATION

3.6.5.1. The ice bed shall be OPERABLE with:

a. The stored ice having a boron concentration of = 1800 ppm and < 2500 ppm boron as
sodium tetraborate and a pH of 9.0 to 9.5,

b. Flow channels through the ice condenser,

C. A maximum ice bed temperature of less than or equal 27°F,

d. A total ice weight of at least 2,882,824 pounds at a 95% level of confidence, and

e. 1944 ice baskets.

APPLICABILITY: MODES 1, 2, 3and 4.

ACTION:

With the ice bed inoperable, restore the ice bed to OPERABLE status within 48 hours or be in at least
HOT STANDBY within the next 6 hours and in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.6.5.1 The ice condenser shall be determined OPERABLE:

a.

At least once per 12 hours by using the ice bed temperature monitoring system to verify that
the maximum ice bed temperature is less than or equal to 27°F.

At least once per 18 months by verifying, by visual inspection, accumulation of ice on
structural members comprising flow channels through the ice bed is £ 15 percent blockage
of the total flow area for each safety analysis section.

NRC approved change for TSC 00-02 that becomes effective during U1C11 refueling outage (Fall 2001).

July 13, 2001

SEQUOYAH - UNIT 1 3/4 6-26 Amendment No. 4, 126, 131, 224, 267, 269




CONTAINMENT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

C. At least once per 40 months by lifting and visually inspecting the accessible portions of at
least two ice baskets from each 1/3 of the ice condenser and verifying that the ice baskets
are free of detrimental structural wear, cracks, corrosion or other damage. The ice baskets
shall be raised at least 10 feet for this inspection.

d. At least once per 18 months by:
1. Deleted.
2. Weighing a representative sample of at least 144 ice baskets and verifying that each

basket contains at legst 4074 Ibs of ice. The representative sample shall include 6
baskets from each of the 24 ice condenser bays and shall be constituted of one
basket each from Radial Rows 1, 2, 4, 6, 8 and 9 (or from the same row of an
adjacent bay if a basket from a designated row cannot be obtained for weighing)

within each bay. If any basket is found to contain less tharmi0Z4 pounds of ice, a
1145 representative sample of 20 additional baskets from the same bay shall be weighed.

The minimum average weight of ice from the 20 additional baskets and the discrepant
basket shall not be less thJar; 4074 pounds/basket at a 95% level of confidence.

The ice condenser shall also be subdivided into 3 groups of baskets, as follows:
Group 1 - bays 1 through 8, Group 2 - bays 9 through 16, and Group 3 - bays 17
through 24. The minimum average ice weight of the sample baskets from Radial
Rows 1, 2, 4, 6, 8 and 9 in each group shall not be less than pounds/basket at a
95% level of confidence. /3-97—\

The minimum total ice condenser ice weight at a 95% level of confidence shall be
calculated using all ice basket weights determined during this weighing program and
shall not be less than 2,082,024 2 295 880

€. At least once per 54 months by chemical analysis of the stored ice in at least one randomly
selected ice basket from each ice condenser bay verify:

1. ice bed boron concentration is = 1800 ppm and < 2500 ppm as sodium tetraborate
and;

2. pHis29.0and < 9.5

NOTE: The requirements of this SR are satisfied if the boron concentration and pH values
obtained from averaging the individual sample results are within the limits specified above.

f. Each ice addition verify, by chemical analysis, that ice added to the ice condenser meets the
boron concentration and pH requirements of SR 4.6.5.1.e.

NOTE: The chemical analysis may be performed on either the liquid solution or the resulting ice.

NRC approved change for TSC 00-02 that becomes effective during U1C11 refueling outage (Fall 2001).

July 13, 2001
SEQUOYAH - UNIT 1 3/4 6-27 Amendment No. 4, 98, 131, 224,269




CONTAINMENT SYSTEMS

BASES

3/4.6.4 COMBUSTIBLE GAS CONTROL

The OPERABILITY of the equipment and systems required for the detection and control of
hydrogen gas ensures that this equipment will be available to maintain the hydrogen concentration within
containment below its flammabile limit during post-LOCA conditions. Either recombiner unit or the
hydrogen mitigation system, consisting of 68 hydrogen ignitions per unit, is capable of controlling the
expected hydrogen generation associated with 1) zirconium-water reactions, 2) radiolytic decomposition of
water and 3) corrosion of metals within containment. These hydrogen control systems are designed to
mitigate the effects of an accident as described in Regulatory Guide 1.7, "Control of Combustible Gas
Concentrations in Containment Following a LOCA", Revision 2 dated November 1978. The hydrogen
monitors of Specification 3.6.4.1 are part of the accident monitoring instrumentation in Specification
3.3.3.7 and are designated as Type A, Category 1 in accordance with Regulatory Guide 1.97, Revision 2,
"Instrumentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant Conditions During and
Following an Accident,” December 1980.

The hydrogen mixing systems are provided to ensure adequate mixing of the containment
atmosphere following a LOCA. This mixing action will prevent localized accumulations of hydrogen from
exceeding the flammable limit.

The operability of at least 66 of 68 ignitors in the hydrogen mitigation system will maintain an
effective coverage throughout the containment. This system of ignitors will initiate combustion of any
significant amount of hydrogen released after a degraded core accident. This system is to ensure burning
in a controlled manner as the hydrogen is released instead of allowing it to be ignited at high
concentrations by a random ignition source.

3/4.6.5 |ICE CONDENSER

The requirements associated with each of the components of the ice condenser ensure that the
overall system will be available to provide sufficient pressure suppression capability to limit the
containment peak pressure transient to less than 12 psig during LOCA conditions.

3/4.6.5.1 ICE BED

The OPERABILITY of the ice bed ensures that the required ice inventory will 1) be distributed
evenly through the containment bays, 2) contain sufficient boron to preclude dilution of the containment
sump following the LOCA and 3) contain sufficient heat removal capability to condense the reactor system
volume released during a LOCA. These conditions are consistent with the assumptions used in the

accident analyses.
1145

The minimum weight figure of 4874 pounds of ice per basket contains a 15% conservative
allowance for ice loss through sublimation which is a factor of 15 higher than assumed for the ice
condenser design. The minimum weight figure of 2,082,024 pounds of ice also contains an additional 1%
conservative allowance to account for systematic error in weighing instruments. In the

2,225,880

June 10, 1997
SEQUOYAH - UNIT 1 B 3/4 6-4 Amendment No. 4, 5, 131, 149, 224



CONTAINMENT SYSTEMS

3/4.6.5 ICE CONDENSER

ICE BED

LIMITING CONDITION FOR OPERATION

3.6.51 The ice bed shall be OPERABLE with:
a.  The stored ice having a boron concentration of > 1800 ppm and < 2500 ppm boron as
sodium tetraborate and a pH of 9.0 to 9.5,
b.  Flow channels through the ice condenser,
c. A maximum ice bed temperature of less than or equal to 27°F,
d.  Atotal ice weight of at least 2,082,024 pounds at a 95% level of confidence, and
e. 1944 ice baskets.
APPLICABILITY: MODES 1, 2, 3 and 4.
ACTION:
With the ice bed inoperable, restore the ice bed to OPERABLE status within 48 hours or be in at least

HOT STANDBY within the next 6 hours and in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.6.5.1 The ice condenser shall be determined OPERABLE:

a.

At least once per 12 hours by using the ice bed temperature monitoring system to verify that the
maximum ice bed temperature is less than or equal to 27°F.

At least once per 18 months by verifying, by visual inspection, accumulation of ice on structural
members comprising flow channels through the ice bed is < 15 percent blockage of the total
flow area for each safety analysis section.

2002).

NRC approved change for TSC 00-02 that becomes effective during U2C11 refueling outage (Spring

July 13, 2001

SEQUOYAH - UNIT 2 3/4 6-27 Amendment No. 80, 118, 215, 258,259




CONTAINMENT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

C. At least once per 40 months by lifting and visually inspecting the accessible portions of at least
two ice baskets from each 1/3 of the ice condenser and verifying that the ice baskets are free of
detrimental structural wear, cracks, corrosion or other damage. The ice baskets shall be raised
at least 10 feet for this inspection.

d. At least once per 18 months by:

—1 1. Deleted.

2. Weighing a representative sample of at least 144 ice baskets and verifying that each
basket contains at leasf 4674 Ibs of ice. The representative sample shall include 6
baskets from each of the 24 ice condenser bays and shall be constituted of one basket
each from Radial Rows 1, 2, 4, 6, 8 and 9 (or from the same row of an adjacent bay if a
basket from a designated row cannot be obtained for weighing) within each bay. If any
mﬂ— basket is found to contain less than 4874 pounds of ice, a representative sample of 20
additional baskets from the same bay shall be weighed. The minimum average weight of
ice from the 20 additional baskets and the discrepant basket shall not be less than 46744
pounds/basket at a 95% level of confidence.

The ice condenser shall also be subdivided into 3 groups of baskets, as follows: Group 1
- bays 1 through 8, Group 2 - bays 9 through 16, and Group 3 - bays 17 through 24. The
minimum average ice weight of the sample baskets from Radial Rows 1,2, 4,6, 8 and 9
in each group shall not be less ter 1674 pounds/basket at a 95% level of confidence.

The minimum total ice condenser ice weight at a 95% level of confidence shall be
calculated using all ice basket weights determined during this weighing program and shall
not be less than 2,082,024 pounds. 2,225,880

e At least once per 54 months by chemical analysis of the stored ice in at least one randomly
selected ice basket from each ice condenser bay verify:

1. Ice bed boron concentration is = 1800 ppm and £ 2500 ppm as sodium tetraborate and;

2. pHis >98.0and < 9.5

NOTE: The requirements of this SR are satisfied if the boron concentration and pH values obtained
from averaging the individual sample results are within the limits specified above.

f. Each ice addition verify, by chemical analysis, that ice added to the ice condenser meets the
boron concentration and pH requirements of SR 4.6.5.1.e.

NOTE: The chemical analysis may be performed on either the liquid solution or the resulting ice

NRC approved change for TSC 00-02 that becomes effective during U2C11 refueling outage (spring 2002).

July 13, 2001
SEQUOYAH - UNIT 2 3/4 6-28 Amendment No. 80, 87, 118, 215,259



CONTAINMENT SYSTEMS

BASES

3/4.6.4 COMBUSTIBLE GAS CONTROL

The OPERABILITY of the equipment and systems required for the detection and control of
hydrogen gas ensures that this equipment will be available to maintain the hydrogen concentration within
containment below its flammabile limit during post-LOCA conditions. Either recombiner unit or the
hydrogen mitigation system, consisting of 68 hydrogen igniters per unit, is capable of controlling the
expected hydrogen generation associated with 1) zirconium-water reactions, 2) radiolytic decomposition of
water and 3) corrosion of metals within containment. These hydrogen control systems are designed to
mitigate the effects of an accident as described in Regulatory Guide 1.7, "Control of Combustible Gas
Concentrations in Containment Following a LOCA," Revision 2, dated November 1978. The hydrogen
monitors of Specification 3.6.4.1 are part of the accident monitoring instrumentation in Specification
3.3.3.7 and are designated as Type A, Category 1 in accordance with Regulatory Guide 1.97, Revision 2,
"Instrumentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant Conditions During and
Following an Accident," December 1980.

The hydrogen mixing systems are provided to ensure adequate mixing of the containment
atmosphere following a LOCA. This mixing action will prevent localized accumulations of hydrogen from
exceeding the flammabile limit.

The operability of at least 66 of 68 igniters in the hydrogen control distributed ignition system will
maintain an effective coverage throughout the containment. This system of ignitors will initiate
combustion of any significant amount of hydrogen released after a degraded core accident. This system
is to ensure burning in a controlled manner as the hydrogen is released instead of allowing it to be ignited
at high concentrations by a random ignition source.

3/4.6.5 ICE CONDENSER

The requirements associated with each of the components of the ice condenser ensure that the
overall system will be available to provide sufficient pressure suppression capability to limit the
containment peak pressure transient to less than 12 psig during LOCA conditions.

3/4.6.5.1 ICE BED

The OPERABILITY of the ice bed ensures that the required ice inventory will 1) be distributed
evenly through the containment bays, 2) contain sufficient boron to preclude dilution of the containment
sump following the LOCA and 3) contain sufficient heat removal capability to condense the reactor system
volume released during a LOCA. These conditions are consistent with the assumptions used in the
accident analyses.

[1145] - _ x . . .

The minimum weight figure of 4074 pounds of ice per basket contains a 15% conservative
allowance for ice loss through sublimation which is a factor of 15 higher than assumed for the ice
condenser design. The minimum weight figure of 2,082,024 pounds of ice also contains an additional 1%
conservative allowance to account for systematic error in wel'gqmg instruments. In the

June 10, 1997
SEQUOYAH - UNIT 2 B 3/46-4 Amendment No. 21, 118, 135, 215



II.

ENCLOSURE 3

TENNESSEE VALLEY AUTHORITY
SEQUOYAH PLANT (SQN)
UNITS 1 AND 2

PROPOSED TECHNICAL SPECIFICATION (TS) CHANGE 01-04
REVISED PAGES

AFFECTED PAGE LIST
Unit 1

3/4 6-26

3/4 6-27

B 3/4 6-4

Unit 2

3/4 6-27

3/4 6-28
B 3/4 6-4

REVISED PAGES

See attached.



CONTAINMENT SYSTEMS

3/4.6.5 ICE CONDENSER

ICE BED

LIMITING CONDITION FOR OPERATION

3.6.5.1. The ice bed shall be OPERABLE with:

a. The stored ice having a boron concentration of = 1800 ppm and < 2500 ppm boron as
sodium tetraborate and a pH of 9.0 to 9.5,

b. Flow channels through the ice condenser,
C. A maximum ice bed temperature of less than or equal 27°F,
d. A total ice weight of at least 2,225,880 pounds at a 95% level of confidence, and

e. 1944 ice baskets.

APPLICABILITY: MODES 1, 2, 3 and 4.

ACTION:

With the ice bed inoperable, restore the ice bed to OPERABLE status within 48 hours or be in at least
HOT STANDBY within the next 6 hours and in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

>

4.6.5.1 The ice condenser shall be determined OPERABLE:

a. At least once per 12 hours by using the ice bed temperature monitoring system to verify that
the maximum ice bed temperature is less than or equal to 27°F.

b. At least once per 18 months by verifying, by visual inspection, accumulation of ice on
structural members comprising flow channels through the ice bed is < 15 percent blockage
of the total flow area for each safety analysis section.

NRC approved change for TSC 00-02 that becomes effective during U1C11 refueling outage (Fall 2001).
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CONTAINMENT SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

C. At least once per 40 months by lifting and visually inspecting the accessible portions of at
least two ice baskets from each 1/3 of the ice condenser and verifying that the ice baskets
are free of detrimental structural wear, cracks, corrosion or other damage. The ice baskets
shall be raised at least 10 feet for this inspection.

d. At least once per 18 months by:
— | 1. Deleted.
2. Weighing a representative sample of at least 144 ice baskets and verifying that each

basket contains at least 1145 Ibs of ice. The representative sample shall include 6
baskets from each of the 24 ice condenser bays and shall be constituted of one
basket each from Radial Rows 1, 2, 4, 6, 8 and 9 (or from the same row of an
adjacent bay if a basket from a designated row cannot be obtained for weighing)

within each bay. If any basket is found to contain less than 1145 pounds of ice, a |
representative sample of 20 additional baskets from the same bay shall be weighed.
The minimum average weight of ice from the 20 additional baskets and the discrepant
basket shall not be less than 1145 pounds/basket at a 85% level of confidence.

The ice condenser shall also be subdivided into 3 groups of baskets, as follows:

Group 1 - bays 1 through 8, Group 2 - bays 9 through 16, and Group 3 - bays 17
through 24. The minimum average ice weight of the sample baskets from Radial
Rows 1, 2, 4, 6, 8 and 9 in each group shall not be less than 1145 pounds/basket at a |
95% leve! of confidence.

The minimum total ice condenser ice weight at a 95% level of confidence shall be
calculated using all ice basket weights determined during this weighing program and
shall not be less than 2,225,880 pounds.

e. At least once per 54 months by chemical analysis of the stored ice in at least one randomly
selected ice basket from each ice condenser bay verify:

1. Ice bed boron concentration is > 1800 ppm and < 2500 ppm as sodium tetraborate
and;
— 2. pHis>29.0and < 9.5

NOTE: The requirements of this SR are satisfied if the boron concentration and pH values
obtained from averaging the individual sample results are within the limits specified above.

f. Each ice addition verify, by chemical analysis, that ice added to the ice condenser meets the
boron concentration and pH requirements of SR 4.6.5.1.e.

NOTE: The chemical analysis may be performed on either the liquid solution or the resulting ice.

NRC approved change for TSC 00-02 that becomes effective during U1C11 refueling outage (Fall 2001).
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BASES

3/4.6.4 COMBUSTIBLE GAS CONTROL

The OPERABILITY of the equipment and systems required for the detection and control of
hydrogen gas ensures that this equipment will be available to maintain the hydrogen concentration within
containment below its flammable limit during post-LOCA conditions. Either recombiner unit or the
hydrogen mitigation system, consisting of 68 hydrogen ignitions per unit, is capable of controlling the
expected hydrogen generation associated with 1) zirconium-water reactions, 2) radiolytic decomposition of
water and 3) corrosion of metals within containment. These hydrogen control systems are designed to
mitigate the effects of an accident as described in Regulatory Guide 1.7, "Control of Combustible Gas
Concentrations in Containment Following a LOCA", Revision 2 dated November 1978. The hydrogen
monitors of Specification 3.6.4.1 are part of the accident monitoring instrumentation in Specification
3.3.3.7 and are designated as Type A, Category 1 in accordance with Regulatory Guide 1.97, Revision 2,
"Instrumentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant Conditions During and
Following an Accident,” December 1980.

The hydrogen mixing systems are provided to ensure adequate mixing of the containment
atmosphere following a LOCA. This mixing action will prevent localized accumulations of hydrogen from
exceeding the flammable limit.

The operability of at least 66 of 68 ignitors in the hydrogen mitigation system will maintain an
effective coverage throughout the containment. This system of ignitors will initiate combustion of any
significant amount of hydrogen released after a degraded core accident. This system is to ensure burning
in a controlled manner as the hydrogen is released instead of allowing it to be ignited at high
concentrations by a random ignition source.

3/4.6.5 ICE CONDENSER

The requirements associated with each of the components of the ice condenser ensure that the
overall system will be available to provide sufficient pressure suppression capability to limit the
containment peak pressure transient to less than 12 psig during LOCA conditions.

3/4.6.5.1 ICE BED

The OPERABILITY of the ice bed ensures that the required ice inventory will 1) be distributed
evenly through the containment bays, 2) contain sufficient boron to preclude dilution of the containment
sump following the LOCA and 3) contain sufficient heat removal capability to condense the reactor system
volume released during a LOCA. These conditions are consistent with the assumptions used in the
accident analyses.

The minimum weight figure of 1145 pounds of ice per basket contains a 15% conservative |
allowance for ice loss through sublimation which is a factor of 15 higher than assumed for the ice
condenser design. The minimum weight figure of 2,225,880 pounds of ice also contains an additional 1% |
conservative allowance to account for systematic error in weighing instruments. In the

SEQUOYAH - UNIT 1 B 3/4 6-4 Amendment No. 4, 5, 131, 149, 224,
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3/4.6.5 ICE CONDENSER

ICE BED

LIMITING CONDITION FOR OPERATION

3.6.51 The ice bed shall be OPERABLE with:

_ + [ Thestoredice having a boron concentration of > 1800 ppm and < 2500 ppm boron as
ium tetrabor n Hof9.0109.5

b.  Flow channels through the ice condenser,

c. A maximum ice bed temperature of less than or equal to 27°F,

d. A total ice weight of at least 2,225,880 pounds at a 95% level of confidence, and
e. 1944 ice baskets.

APPLICABILITY: MODES 1, 2, 3and 4.

ACTION:

With the ice bed inoperable, restore the ice bed to OPERABLE status within 48 hours or be in at least
HOT STANDBY within the next 6 hours and in COLD SHUTDOWN within the following 30 hours.

SURVEILLANCE REQUIREMENTS

4.6.5.1 The ice condenser shall be determined OPERABLE:

a.  Atleast once per 12 hours by using the ice bed temperature monitoring system to verify that the
maximum ice bed temperature is less than or equal to 27°F.

b.  Atleast once per 18 months by verifying, by visual inspection, accumulation of ice on structural
members comprising flow channels through the ice bed is < 15 percent blockage of the total
flow area for each safety analysis section.

> NRC approved change for TSC 00-02 that becomes effective during U2C11 refueling outage (Spring 2002).

SEQUOYAH - UNIT 2 3/46-27 Amendment No. 80, 118, 215, 258, 258,
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SURVEILLANCE REQUIREMENTS (Continued)

c. At least once per 40 months by lifting and visually inspecting the accessible portions of at least
two ice baskets from each 1/3 of the ice condenser and verifying that the ice baskets are free of
detrimental structural wear, cracks, corrosion or other damage. The ice baskets shall be raised
at least 10 feet for this inspection.

d. At least once per 18 months by:

—» [T Deleted. |

2. Weighing a representative sample of at least 144 ice baskets and verifying that each
basket contains at least 1145 Ibs of ice. The representative sample shall include 6 |
baskets from each of the 24 ice condenser bays and shall be constituted of one basket
each from Radial Rows 1, 2, 4, 6, 8 and 9 (or from the same row of an adjacent bay if a
basket from a designated row cannot be obtained for weighing) within each bay. If any
basket is found to contain less than 1145 pounds of ice, a representative sample of 20 |
additional baskets from the same bay shall be weighed. The minimum average weight of
ice from the 20 additional baskets and the discrepant basket shall not be less than 1145 |
pounds/basket at a 95% level of confidence.

The ice condenser shall also be subdivided into 3 groups of baskets, as follows: Group 1
- bays 1 through 8, Group 2 - bays 9 through 16, and Group 3 - bays 17 through 24. The
minimum average ice weight of the sample baskets from Radial Rows 1, 2, 4,6, 8 and 9
in each group shall not be less than 1145 pounds/basket at a 95% level of confidence. |

The minimum total ice condenser ice weight at a 95% level of confidence shall be
calculated using all ice basket weights determined during this weighing program and shall
not be less than 2,225,880 pounds.

e. At least once per 54 months by chemical analysis of the stored ice in at least one randomly
selected ice basket from each ice condenser bay verify:

1. Ice bed boron concentration is = 1800 ppm and < 2500 ppm as sodium tetraborate and;
2. pHis>29.0and < 9.5

NOTE: The requirements of this SR are satisfied if the boron concentration and pH values obtained
from averaging the individual sample results are within the limits specified above.

f. Each ice addition verify, by chemical analysis, that ice added to the ice condenser meets the
boron concentration and pH requirements of SR 4.6.5.1.e.

NOTE: The chemical analysis may be performed on either the liquid solution or the resulting ice

L' NRC approved change for TSC 00-02 that becomes effective during U2C11 refueling outage (Spring 2002).
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BASES

3/4.6.4 COMBUSTIBLE GAS CONTROL

The OPERABILITY of the equipment and systems required for the detection and control of
hydrogen gas ensures that this equipment will be available to maintain the hydrogen concentration within
containment below its flammable limit during post-LOCA conditions. Either recombiner unit or the
hydrogen mitigation system, consisting of 68 hydrogen igniters per unit, is capable of controlling the
expected hydrogen generation associated with 1) zirconium-water reactions, 2) radiolytic decomposition of
water and 3) corrosion of metals within containment. These hydrogen control systems are designed to
mitigate the effects of an accident as described in Regulatory Guide 1.7, "Control of Combustible Gas
Concentrations in Containment Following a LOCA," Revision 2, dated November 1978. The hydrogen
monitors of Specification 3.6.4.1 are part of the accident monitoring instrumentation in Specification
3.3.3.7 and are designated as Type A, Category 1 in accordance with Regulatory Guide 1.97, Revision 2,
"Instrumentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant Conditions During and
Following an Accident," December 1980.

The hydrogen mixing systems are provided to ensure adequate mixing of the containment
atmosphere following a LOCA. This mixing action will prevent localized accumulations of hydrogen from
exceeding the flammabile limit.

The operability of at least 66 of 68 igniters in the hydrogen control distributed ignition system will
maintain an effective coverage throughout the containment. This system of ignitors will initiate
combustion of any significant amount of hydrogen released after a degraded core accident. This system
is to ensure burning in a controlled manner as the hydrogen is released instead of allowing it to be ignited
at high concentrations by a random ignition source.

3/4.6.5 ICE CONDENSER

The requirements associated with each of the components of the ice condenser ensure that the
overall system will be available to provide sufficient pressure suppression capability to limit the
containment peak pressure transient to less than 12 psig during LOCA conditions.

3/4.6.5.1 ICE BED

The OPERABILITY of the ice bed ensures that the required ice inventory will 1) be distributed
evenly through the containment bays, 2) contain sufficient boron to preclude dilution of the containment
sump following the LOCA and 3) contain sufficient heat removal capability to condense the reactor system
volume released during a LOCA. These conditions are consistent with the assumptions used in the
accident analyses.

The minimum weight figure of 1145 pounds of ice per basket contains a 15% conservative |
allowance for ice loss through sublimation which is a factor of 15 higher than assumed for the ice
condenser design. The minimum weight figure of 2,225,880 pounds of ice also contains an additional 1% |
conservative allowance to account for systematic error in weighing instruments. In the

SEQUOYAH - UNIT 2 B 3/4 6-4 Amendment No. 21, 118, 135, 215,
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WESTINGHOUSE NON-PROPRIETARY CLASS 3

EXECUTIVE SUMMARY

Loss-of-Coolant (LOCA} Containment Integrity Analyses have been updated lo support recent
changes to the Westinghouse computer code, LOTIC-1 and fo include effects due o pest-LOCA

twydrogen generation for the Sequoyah Nuctear Plant Units 1 and 2. The analvses conducted are
consistent with current censed methodology.

The objective of this effort was to address 1) the LOTIC-1 mass and energy interface issue, 2) the
addition of post-l OCA evolved hydrogen to the containment, and 3) determine an ice weight that
preserved the cument LOCA containment integrity pressure margin. Additionally, the containment
spray switchover interval (approximately 156 seconds) relafionship between ice bed meltout time
and containment spray swilchover time was to be preserved,

The results of the analysis support the following:

- Ary ice mass of 1.916 x 16°bms

- A calculated containment peak pressure of 11.459 psig
occutyiryg at 7068.86 seconds

~ {ca bedd mellowt cociurred at 3387 seconds
{Containmaent spray switchover is complated at 3113 serands
thus the containmant spray switchover ice bad meflout
relationship is 250 setonds).

Thes ice bed mase of 1.016x10% Lbms equates to an average of 980 Lbm per baskel.
This average value recognizes that all baskets may not have the same initial weight nor
have the same sublimation rate. To ensure that a sufficient quantity of ice exdsts in sach
basket to survive the blowdown phase of a LOGCA, a sinimum amount of ice per basket
1o survive Me DIowaown would be approxemately 325 Lbm, based on Tabke 2-3. To
ensure that an adequate distribution of ice exists in the lce Condenser to prevent early
burn-through of a localized area, 325 Lbm of ice should be the minimum weight of ice per
basket al any time while also ensuring that the average weioht per basket remains above
986 Lbm.
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1.0 INTRODUCTION

Containment Integrity reanalysis were performed to implement the recent comections to the
LOTIG-1 computer code due 1o the mass and energy interface issue, and to inciuds fhe effects on
containment peak pressure due to evolved hydrogen posti OCA. The analysis used the mass
and energy releases generated for the curment Sequoyah design basis containment integrity

analysis documented in WCAP-12455, Revision 1 {Septembar 1995} {1,7024875 millian potirwd
ice mass case),

Containment Integrity Analysis are performed during nuctear plant design to ensure that the
pressurs inside confainment will remain badow the containment buliding design pressure if s Loss-
of-Coolant Accident (LOCA) inside containment should occur during plant operation. The analysis
ensures that the containment heat removal capability is sufficient to remove the maximum
pessible discharge of mass and energy o contalnment from the Nuglear Steam Supply System
withaut exceeding the accepteance wituria [design pressure),

This reanalysis utilized revised input assumptions that efiminated analytical conservatisms from
the present analysis. Areas addressed were the decay heat release, and the ice condenser metal
mass. The analysis was compieted to provide the analytical basis for a change to the Sequoysh
design basis ice mass of 1.7924875 million pounds with minimal impact on cument margins in
peak calculated containment pressure and ice bed meltout time to containment spray switchover
fime.

In addition to the design basis (WCAP-14255, Revision 1), this analysis accounted for the effects
of a change fo the containment spray heat exchanger performance and included margin in the
Essantial Raw Cooling Wator (ERCW) temperature assumption of two (2) Degrees-F, (crease
from 85 to 87 Deg-F). It should be noted that these items were included for completeness even
though any or all of the items may not currently be implemented at the Sequoyah Units 1 and 2.

PURFOSE OF ANALYSIS

The purpose of this program was fo reanalyze the containment integrity response in order to
incorporale the corrected LOTIC-1 code and account for the postL.OCA hvdrogen addition to the
containment. The objective of this affort will be to determine the necessary analvlical ice mass
that results in the same peak pressure as was calculated in WOAP-12455, Revision 1, while
maintaining the current ime interval {156 seconds) relationship batween containment spray
switchrvar fime and ice bed meltout time.

This program will provide the analyical basis and the resuffs which show that the containment
design pressure Is not exceeded in the event of a LOCA. The conclusions presented will
demonsirate, with respect lo LOCA, it conlainment Integity has not been compromised. | his
vontainment analysis bounds both Units 1 and 2.

Rupture of any of the piping camrying pressurized high temperalure reaclor coolant, termed a
LOGA, will result in release of steam and waler into the containment. This, in turn, Will result in an
increase in the conlainment pressure and temperature, The mass and energy release rates
described in WCAR-12455, Revision 1, Section 2.0 forms the basis for computations to evaluate
the structral integrity of the containrent follnwing a postulated accident to satizty the Nuciear
Regulatory acceptance criteria, General Design Criterion 38, Section 2.0 presents the
Containment Pressure Calculations.
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TABLE 1-1
SEQUOYAH UINITS 1 AND 2
SYSTEM PARAMETERS
INITIAL CONDITIONS

PARAMETE VALUE
LCore Themmal Power (MW1) 3455
Reactor Coolant System Flowrate, per Loop (gpm) 91400,
Vessel Outlet Temperature' (°F) 608.7
Core Inlet Temperature {°F) 546.7
Wessel Average Temperatina {°F) 578.2
initial Steam Generator Steam Preasure {psia) 857
Steam Generator Design Maodet 59
Sleam Generator Tube Plugging (%) o
Initial Steam Cenerator Secondary Skle Mass (o) 114075
Accurulator

Water Volume (%) 1103

Na Gover Gas Pressure: (psig) 800

Temperature (°F) 120
Safely Injection Delay {sec) 280

{inchudes time to reach pressure selpoint)

{analysis value includes an additional +5.5°F allowance
for instrumant error and deadband)
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WESTINGHOUSE WON-PROPRIETARY CLASS 3

2.0 LOCA CONTAINMENT INTEGRITY ANALYSIS

2.1 Desaription of LOTIC-1 Modsl and Interface Issue
The LOTIC code is described in reference 4.

The LOTIC model of the containment consists of five distinct coniral volumes. the uppar
compartment, the lower compartment, the portion of the ice bed from which the ice has melfed,
the portion of the ice bed containing unmelted ice, and the dead endsd comparimenl. The ice
condansar control volume with unmelied and melted ice is further subdivided into six
subcompartments to aliow for maldistribution of break flow to the ice bed,

The conditions in these compariments are obtained as a function of ime by the use of
fundamental equations solved through numerical techniques. These equations are solved for
lhroe phases in Ume, £ach phase cormesponds 10 a distingt physical characteristic of the
problem. Each of these phases has a unique set of simplifying assumptions based on test
results from the ice condenser test facility. These phases are the blowdown period, the
depressurization period, and the long term,

The most significant simplification of the problem is the assumption that the total pressure in the
containment is uniform. This assumption is justified by the fact that after the initia} blowdown of
the Reaclor Caolant Systam, the remaining mass and orergy releaced from this aystem into the
containment are small and very siowly changing. The resulling flow rates batwaen the control
volumes will also be relatively small. These flow rates then are unable to maintain significant
pressure differences between the compartments,

In the controfl volumes, which are always assumed to be saturated, steam and air are assumed
to be uniformiy mixed and at the control volume temperature. The air is considered a perfect
gas, and the therrmotlynamic properties of sieam are taken from the ASME steam table.

The condensation of steam is assumed 10 take place in a condensing node located, for the
purpose of calculation, between the two control volumes in the ice storage compartment. The
exit temperature of the air leaving this node is set aqual 1o A specific value that is equal to the
temperature of the ice filled conirol volume of the [ce storage comparbment. Lower
compariment exit temperalure Is used if the ice bed sechion is melted.

The Reference 4 model was developod when the Reference 5 modet was the predoninate
modet for developing LOCA mass and energy releases. The Reference 1 analysis used LOCA
mass and energy releases developed from the Reference 6 model. Recently, Westinghouse
has detarmined that the interface between the Reference 6 mass and energy release model
and Ul LOTIC sode contained an incompatible assumption regarding the separation of sieam
and water from the two-phase mixiture exiting the pump side of @ pump suction break. Previously,
when the Reference 5 model was used mass and energy release wore separated outside of
LOTIC. When the Reference 8 methodology was implementad, the mass and energy releases
wexne direclly input into LOTIC. However, the LOTIC-1 code did not separate the steam but put the
two-phase mixture directly into the sump where LOTIC-1 then assumed the mixture to become
hot water. This treatment of the two-phase mixlure is not acceptable and a modification to the
LOTIC1 eode tn saparate the steam into the contaimment atmoephers resulled in an increase in
the calculated containment peak pressure for Sequoyah. This change to LOTIC required the
reanalysis presented below and an increase in the licensing basis minimum ice mass,
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22 Containment Pressure Calculation

The following are the major input assumplions used in the LOTIC analysis for the pravip suction
pipe rupture case with the steam generators considered as an sctive heat source for the
Sequovah Nudlear Plant Confainment:

1.

10.

1,

Minimum safeguards are employed in all calculations, e.g., one of two spray

pumps and one of two spray heal exchangers; ona of two RHR pumps and one
of two RHR haat exchangers providing flow to the core; one of two safety

injection pumps and one of two centrifugal charging pumps; and one of two air
raturn: fans,

1.916 * 10% ibs, of ice Initially i the Ice CoNYenser.

The blowdown, reflood, and post reflood mass and energy releases described in
Bection 2.5 of Reference 1 were used.

Blowdown and post-blowdown ice condenser drain temperature of 190°F and
130°F are used. (These values are based on the Long-Term Waltz-Mil ice
condanser last data dascribed in WCAP-8110.8up 8.)

Nitrogen from the accumulators in the amount of 3676 Ibs. is included in the
caleulations.

Hydrogen gas was added to the contaimment in the amount of 21,366 Standard
Cubic Feet (SCF) over 24 hours. Sources accounted for were radiolysis in the
core and sump post-LOCA, corrosion of plant miaterials {Alwminum, Zine, and
painted surfases found in containment), reaction of 1% of the Zircontum firel rod
cladding in the core, and hydrogen gas assumed to be dissolved in the Reactor
Coolant System water. (This bounds tritium producing cote designs)

Essential service water temperature of 87°F is used on the spray heat exchanger
and the component cooling heal exchanger,

the air return tan is effective, 10 minutes alter the transient is initiated.

No maldistribution of steam flow to the ice bed is assumed. {This assumption is
conservative, contributes to early ice bed melt cul ima )

N ice condenser bypass is assumad. {This assumption depletes the ice in the
shorlest time and is thus conservative.)

The iniial conditions in the containnent are a temperature of 100°F in the lower
and dead-ended volumes, 85°F in the upper volume and a temperature 15°F in
the lce condenser. All volumes are at a pressure of 0.3 psig and a 10% relative
humidity, except the ice condenser which 1s at 100% relative humidily,



12.

13.

14.

15.

16.

17.
18.

18
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The minimum ECCS and Containment Spray flow rates
versus Gme assumed in the peak containment pressure
caiculations were caloulated based upon the
a5sumption of loss of offsite power

{See Reference 1, Table 3-1 and APPENDIX A).

Containment structural heat sinks are assumed with conservativaly Iow heat
transfer rates. {See Tables 2-1,and 2-2) Note: The Dead-Ended compartment
struchural heal sinks were conservatively neglected.

The Containment compartment volumes were based on the
following: Upper Compantment 851,000 1£%; Lower
Compartment 248,500 #t"; and Dead-Ended Compartment
128,900 f°,

The operation of one containment spray heat exchanger

{UA = 2.853 * 10° Btu/hr-"F), for containment cooling and the operation of one
RHR heat exchanger {UA = 1.402 * 10° Btwhr-°F) for core cooling. The
component cooling heat exchanger was modeled at 2.793 * 10° Buwhr-"F. All
heat exchangers were modeled as strictly counterflow heat exchangers,

The air return fan ratums air ata rate of 40,000 ofm from the upper to the lowor
compartment,

An active sump volume of 38,400 1t is used.
100.7% of 3455 MW! power is used in the calculations,
Subcooling of ECC water from the RHR heat exchanger is assurmed,

Nuclear service water flow o the contalnment spray heat exchanger was
modeled as 3400 gpm. Also the nudear service water flow to the compaonent
cooling heat exchanger was modeled as 4000 gpm.

Decay Heat Model - On November 2, 1878 the Nuciear Power Plant Stardards
Commitlee (NUPPSCO) of the American Nuclear Society approved ANS standard
5.1 for the datermination of decay hoal. This standard waa used in the mass and
energy refaase model with the following input specific for the Sequoyah Units 1

and 2. The primary assumptions which make this calculation specificforthe
Sequoyah Unils 1 and 2 are the ensichment factor, minimum/maximum new fuel
kasdigg per Cyde, and a conservative end of cycle core average bumup, A
conservalive lower bound for enrichment of 3% was used. Table 1-2 lisls the decay
heat curve used in the Sequoyah lce Weight Optimization analysis.

Sigrdficant assumptions in the generation of the decay heat curve:

A. Decay heat sources considered are fission product decay and heavy element
daray of LL229 and N-230.

B, Decay heat power fram the following fissioning isotopes are inchuded; U-238,
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U-235, and Pu-239,
C. Fission rate is constant over the operating history of maximum power level,

D, The factor accounting for neutron capture in fission products has been taken
from Equation 11, of Reference 2 {up to 10,000 seconds) and Table 10 of
Reference 2 (beyond 10,000 seconds),

E£. The fuel has been assumed to be at full power for 1116 days.

F. The number of atoms of U-230 produced per second has been assumed to be
equal to 70% of the fission rate.

G. The tolal recoverable encrgy associated with one fission has been assumed o
be 200 MeVissivn,

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

22.  Core stored energy based on the ima in life for maximum fuel densification. The
assumplinns used io caleulate the fuel temperatures for the core stored crergy
walculation account for appropriate uncertainties associated with the models in
the PAD code {e.g., calibration of the thermal model, peliet densification modet,
cladding creep model, etc.). In addition, the fuel temperatures for the core
stored enargy calculation accournd fur appropriate uncertanties associated with
manufacturing tolerances (e.g., pellet as-built density), The total uncertainty for
the fuel temperature calculation is a stafistical combination of these effects and
Is dependent upon fuel type, power level, and burnup.

23, Reloads ufilizing Mark-BW 17 fuei with up to 96 Tresh azsemblies are bounded
based on the evaluation providad in Reference 8.

The minimum time at which the RHR pumps can be diveried to the RHR sprays are specified in
the plant operating procedures as 60 minutes after the aocident.

23  Structural Heat Removal

Provision is made in the containment pressure analysis for heat storage in interior and exterior
walks. Euch wall is divided Int a number of nodes. For each node, a conservation of energy
equation expressed in finite difference fotrms accounts for transient conduction into and out of
the node and temperature rise of the node for the containment structural heal sinks used in the
analysis. The heal sink and material properly data used sre found in Tables 2-1 and 2.2,

The heat transfer coafficient to the containment siructure is based primarily on the work of
Tagami (Referencn 7] When applying the Tagami corelations, a conservative Himit was plased
on the lower compartment stagnant heat transfer cosfficients, They wers limited to a steam-alr
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ratio of 1.4 according to the Tagami correlation. The imposition of this limitation is 10 restrict the
use of the Tagami correlation within the test range of steam-air ratios where the correlation was
derived.

With these assumptions, the heat removal capabifity of the containment is sufficient to absorb
the energy releases and still keep the maximum caleulated pressure below the design pressure.

24 Analysis Resulls

The results of he analysis shows that the moximum calculated containment pressure is 11.459
psig, for the double-ended pump suction mininwm safeguards break case. This pressure peak
occurs at approximately 7068.86 seconds, with ice bed meltout at approximatsly 3367 seconds,

The fultuwing pluts show the conlalinment integrity ransient, as caklated by the LOTIC-1
code.

Figure 2-1, Containment Pressure Transient

Figure 2-2, Upper Compartment Temperature Transient
Figure 2-3, Lower Compartment Temperature Transient
Figure 2-4, Active and inactive Sump Temperature Transient
Figure 2.5, lee Melt Transiant

Tables 2-3 and 2-4 give energy accountings at various points in the fransient. Table 2.5
provides the sequence of events, which includes results previously calculated in Reference 1.

25  Relevant Acceptance Criteria

The contanment imtegrity peak pressure anatysis hias been performed in sccordance with the
criteria shown in the SRP section 6.2.1,4.b, for ive condanser containments. Conformance to
GDC's 16, 38, and 50 is demonstrated by showing that the containment design pressure is not
exceeded at any time in the transient. This analysis also dermonstrales that the contalnment
heat removal systems function o rapidly reduce the containment pressure and temperature in
the eveni of a LOCA.

286 Conclusions

Based upon the information presented in this report, it may be concluded that operation with an
inilial iue weight of 1.516 mililon pounds for the Sequoyah Nuciear Fiant is acceplable,
Operation with an Initial ice mass of 1.916 milion pounds results In a caleulated peak
containment pressure of 11.459 psi, as compared 1o the design pressure of 12,0 psig. Thus,

the most limiting case has been considered, and has been demonstrated 1o vield acceptable
results,
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Sink S Material
Upper Compartment

1.

Operating Deck
Concrete

Crane Wall

Paint
Concrele

Refueling Canal
{Steellined)

Stainless Steel
Conerete

Operating Deck

Paint
Goncrete

Containment Sheli

& Misc. Steel

Paint
Sieed

Misc, Steel

Painl
Siged

Lower Corfipartment

7.

Operating Deck,
Crana Wall &
Interior Concrete

Concrete

TABLE 2-1

SEQUOYAH UNITS 1 AND 2
STRUCTURAL HEAT SINK TABLE

AREA Thickness
{7 {ft)
4,880
107
18,280
0.0005
1.202
3,840
0.0208
1.5
760
0.00125
1.5
49,560
0.000625
0.0463
2,260
0.000625
0.12
32,200

1416
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Heat Sink / Material

Lower

8.

10.

14,

12,

artment (Continued

Area in Contact
with Sump Water

Concrete
interior Concrele
Paint

Concrete
Reactor Cavily

Stainless Steel
Concretle

Containment Shell
& Misc. Steel

Paint
Siesl

Misc. Steel

Paint
Steel

TABLE 2-1 (Confinued)

SEQUOYAH UNITS 1 AND 2
STRUGTURAL HEAT SINK TABLE

15,540

3,590

2,270

18,500

9,000

Thicknass
_(Ry

1.6

0.0011

0.02082
20

0.006625
0.0495

0.000825
0.1008
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Heat Sink / Material

13.

14.

15.

186.

17.

18.

lee Condensar

Iee Basket
Steel

Lattico Frames
Stesl

Lower Support
Structure

Steel

ice Condenser
Floor

Paint
Concrate

Containment Wall

TABLE 2-1 (Continued)

SEQUOYAH UNITS 1 AND 2
STRUCTURAL HEAT SINK TASBLE

AREA Thickness
2

148,600

0.00663
75,868

0.0217

28,870

0.0587
3,336

0.000833

0.333
19,100

Panels & Containment

Shall

Stes! & Insulation

Steal
Crane Wall

1.0
0.4625

13,085

Panels & Crane Wall

Composite Panel 1.2
{Steel & Insulation)

Concrate

1.0
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TABLE 2.2
SEQUOYAH UNITS 1 AND 2
MATERIAL PROPERTIES TABLE

Thesrmed Volumetric

Conductivity Heat
Material BtuhrftoF Btu/t’.+F
Painty 0.2 140
Paint 0.0633 284
Concrete 0.8 8.3
Stainless Steel 84 £65.35
Carbop Steel 20 56.35

Note: Paint; = on stesl

Painty = on ¢concrele
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TABLE 2-3
SEQUOYAH UNITS 1 AND 2
ENERGY ACCOUNTING

Approx’ End of Blowdown Approx™ End of Reflood
{t = 10.0 Sgoonds) {t = 215.0 Seconds)

{in Millions of Btus)

ice Heat Removal 195.86 2444
Structural Heat Sinks. 18.08 61.74
RHR Heat Exchanger Heal 0.00 0.00
Removal

Spray Bgat Exchanger Heat 06.00 0.00
Removal

Energy Content of Sump 183.7 2358
ice Melted (Pounds)10% 0,832 0.8265

* ntegrated Energles

+- End of Blowdown is redefined in LOTIC-1 to ocour at 10 seconds, per results from the Wattz
Mill loa condenser test,

- The approximate time is the time dlosest {0 the event that is captured in the LOTIC-1 code
major print cat, Table 2-6 provides the sctual sequence of avents
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lce Heat Rermaoval

-

Structursl FHeat Sinks

RHR Heat Exchanger Heat
Removal

Gpray Heat Exchanger Hoat
Removal

Energy Content of Sump

ive Melsd {Pounds){10%)

* infegrated Energies

TABLE 2-4

SEQUOYAH UNITS 1 AND 2

ENERGY ACCOUNTING

Approximate’ Time of ice Melt  Approximate” Time of Peak

Qut {t=3363 Seconds) Pressure {1=6983 Seconds
{In Millions of Blus)

516.45 5168.45
79.795 121.440
16.085 45919
4,105 6933
623.99 651.71

1.916 1,918

¥ - The approximate time is the time closest to the event that is captured in the LOTIC-1 code
major print out. Table 2-5 provides the aciual sequence of events,
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TABLE 2-5
SEQUOYAH UNITS 1 AND 2
DOUBLE ENDED PUMP SUCTION LOCA
MINIMUM SAFEGUARDS
SEQUENCE OF EVENTS

Event

Ruplure

Actumulator Flow Starts

End of Blowdown

Assumed Initiation of ECCS

Accumnufators Emply

End of Reflond

Assumed Initiation of Spray System

Low Level Alarm from Refueling Water Storage Tank
Start of ECCS Cold Leg Recirculation

Low-Low Lavel Alarm from RWST - Spravs Stopped
Spray Pumps Reslart in Recirculation Mode

loe Bed Meltout

RHR Spray Reafignment

Peak Conlainenl Pressure

Time (Sec
uu

15.0

325

325

83.6

216,

250,

1681,
1891,

3113

3387.

Flous.
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Containment Pressure (psig)
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Lower Compartment Temperature {F)
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Active Sump and Inactive Sump Temperoture (F)
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Melted ke Mass (Lbm)

Mass {lbm}
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APPENDIX A

FSAR MARKUP




For » furiher discussion, see Section S of Reference 231,

Containment Preseure Calclation )

The following are the major Inpis assumptions used to calculate the containment transtents for
the pump suction pipe rupture cases with the steam generators considered as an active heat
source for the Sequoyah Nuclear Station Containment:

1. Minimum contaimawat safeguards ars emptoyed in all caleulstions, £.4., one of two sprsy
pumps and ons of two spray heat exchangers: one of two EHR pumps and one of two
RHR heat exchangers providing flow to the core; one of Two safety injection pumps and 14
one of two centrifugal cherging pumps; and one of two air recirculation fans.,

2.  inhial ice welght in the lce condenser as specified in Table 6.2.1-1.

3. The Blowdown, Refiood, and Post-Reflood mass and energy releases described in
Section 6.2.1.2.6 ure used,

4

4. Blowdown and post-blowdown ice condenser drain temperature of 190°F and 130°F were

used. {These numbers are based on the fong-termn Waltz Milt ice condenser test dats
described in Referonon 21,

5. Nitrogen from the accumulators in the amount of 3676 Ibs. fs included in the calculstions. | [4

The alr recirasdation fan is necumsd to be eHoctive, appromimately 10 minutes after the
transiont is initiated,

Essentind service water termperatuse of/a{"F is used on the spray heat exchanger and the )
component cooling hast axchangar. A

Even distibution of steam flow into the loe bed is assumed,

No ice condenser bypass is assumed. (Thix Aseumption deplotes the ice in the stortest
tme and is thus conservative,)

10. The initial conditions in the containment are a temperature of 100°F in the lower and
dead-anded volumes, & temparature of 15°F in the e condensar, and a tomperature of
85°F in the upper volume. AR volumas are st & pressure of 0.3 psig snd a 10% retative
humidity, except for the fce condenser which is ut a 100% relative humidity.

11, The pismp flows vs. time given in Table 6.2.1-7 wers used.

12, Aresidual spray of 1277 gpm is assumed at 1 hour into the sccident. Residuat heat R
removal pump end spray pump take suction from the sump, after 1691 seconds, and 3113
seconds respectively.

13, Containmant structursl heat sinks aro sssumed with tonservatively fow heat transter rates.

14.  The Containment compartment volumes were based on the following: Upper Compartmant
081,000 1t%; Lower Compartment 248,500 ft*; and Dead-Ended Compartment 129,800 i4
3,

s W) T b o
| mmw%ﬁ@w )
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18, Tho operation of one contalnment spray hodt exchanger (UA w{g{gﬂo‘ Btufhr-°F}, for
containment cooking and the operation of one RHR heat exchanger (UA = 1,402 *10¢
Btushr-°F} for core cooling. The somponent cooling heat exchanger was modeled at
2.793 » 10° Btufhe-"F. Al heat exchengers were modsted as striotly counterfiow heag
exchangers.

18. The air return fan returng 8ir at a rate of 40,000 ofm from the upper to the lower
compariment. ’

17, An active sump volume of 38,400 1% is used.

18, 102% of 3411 MW power is used in the calculations.

18.  Subcooling of ECC water from the RHR heat exchanger is azsumed.

20.  Nuclear service water flow to the containment sprey heat sxchanger wag modoked as
was modeled as 4000 gpm.

21. The decsy heat curve used to caloulate mase snd eneray releases aftor stoam gencrator
equliibration is presentes in Table §.2.1-8,

The minimum time at which the BHR pumps can ba diverted to the RHR sprays is specified in
the plant operating procedures as 60 minutes after the accident,

Provision is made in the containment pressure analysis for heat storage in intarior and exterior
walls. Each woll is divided Into « ssmber of nodes. For pach node, a conservation of energy
equation expressed in finite difference forms socounts for rensient conduction into and out of
the node end temperature tise of the node for the contalnment structural heat sinks usad in the
analysis. The heat sink and material property data used are found in Table 6.2.1-32,

The heat transfer coefficient to the comainment structare Is based primarily on the work of
Tagami {Reference 77), When applying the Tagami correlations, a conservative fimit was placed
on the lower compartment stagnant heat transfer cosfficionts, They were limited to 8 steam.alr
ratio of 1.4 aecording to the Tagami eorrclation. The aposition of His fimitation i to restrict
the use of the Tagami correlation within the test fenge of steam-ai ratios where the correlation
was derived.

With these'assumpﬁnm, tha heat removal capobifity of the cortalinnent bs BUTTicient to absorh
the ensrgy releases and still keep the maxinwm calcudated pressure below the design pressure.

Analvsis Rosults

The results of the analysis shows that the maximem caiculated containment pressure &5 1 1.4.5’
peig, for the double-ended pump suction minimum safeguards break case. This pressuve, peak
occurs st approximately 8398 saconds, with ice bed meltout at approximstely 3267 scconds,

Pelr FH3
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The following plots show the containment integrity transient, as calculated by the LOTIC-1
code.

Figure §.2.%-15 Containment Pressure Transient
Figure B.2,1-18  Temperature Transient for Upper Compartinent
Figure 6.2.1-17  Tempersture Transient for Lower Compartment

Figure 6.2.1-18  Temperature Transiant of the Active Sump and tnactive Sump
Figure 8.2.¥-19 Isa Melt vorsus Time

Tha following tabdes have also been provided:

Table 6.2.1.9 Ensrgy actounting until end of reflood
Table 6.2,1-10 Energy accounting at time of jee melt and peok prassure

Relevant Acceptance Criteria

The LOCA mass and energy analysis has been performed In accordance with the criteria shown
in the Standard Review Plan {SRP) section 6.2.1.3. I this analysis, the relevant requirements of
General Design Criteris (GDC) 50 and 10 CFR Part 50 Appendix K have beern included by
confirmation that the calmdated presswre it less then the design prossure, and because
available sources of snergy have been Included. These sources include: resctor power, decay
heat, core stored energy, energy stored in the reactor vessel amd internals, metak-water reaction
energy, ard stored energy in the secondary system.

The containment integrity poak pressure analysis has been performed in acoordance with the
eriteria shown in the SRP section 8.2.1.1.5, for ice tondenser contsinments. Conformance to
GDC's 18, 38, and 50 is demonstrated by showing that the comtainment design pressurs is not
excesded ot any time in the transient, This analysis also demansteates thet the contsinment
heat removal gysterns function to rapidly reduce the containment pressure and temperature in
the svent of a LOCA,

Conehisions }.'f ?f é / 4]L

Based upon the informationipregdinted in this report, it may be concluded that operation with ans
initial ice weight of ] pbounds for the Sequoysh Nuclear Plant is acceptable. Operation
with an initial ice mass of | rmidlion pounds rosults in s calculated peak conteinment presstre

1345 paig, as compared 1o the design pressure of 12.0 psig. Thus, the mast Jimiting case
has been considered, and has been demonstratad to vield acceptable resuits.

J 4 ok BWI7 Fuel Eveluation

The effect of transitioning to and loading Mark-BW 17 fuel on the previously discussed snalygis
rasults, which utilized Westinghouse fuel, was evalusted. The important aspects of the fuel
change that have the possibility of impacting the analysis include the changes in the flow
charactenstics past the 1usl, the RCS operating Toee: the core-stored energy snd fusl-heat
capacity, and the decay heat.

Thers ate very small deviations in fiow characteristics past tha fust. However, for an ice
condenser design, sinco the peak pressure ocours late in the transient, wel Mter the ice bed has
melted out, the single effect of small deviations in flow is insignificant relative 1o analysis
resuits. Total snergy content, of total energy available for releass 10 conteinment, Is significant,
which remains urichanged. The RCS T, remalns at $78.2°F.

|13
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For the reioad core, thure i TR feat capacity of the fusl; however,

the core stored energy has increasétlightly. The incffase was evaluated, and it wasg
determined to have an increased energy & ~82x10° BTUs. However, there afe marglns
in tho current calculations thot offset this griS 3¢, For example, the current basis utilizes
the specific TVA Sequoyah Decay Hea able 6.2.1-8a until the time of
steam genesator equilibration (5.7 1897.2 seconds). The de then conservatively
determines the decay heat hated upon Table 6.2.1-8 after equilibrati

HO the Sequoyah
specific dets fo aloo uopd Bitar stoam genorai equilibration, 1t is found At 2A1E+06 BTUs _
can be removed frerfi the calculation up 1o the time of ice bed mslitout, and 8. 00EF -3
the
{

can be removed up 1o the time of peak pressure. This conservatism more than offsets
incresssd core-stored energy effect, }

o

The matric tons of Uranium, the enrichment, and the fuel reload eycle utifized in the cuprent
analysis remain bounding for the BRW fuel, Therefore, the Sequoyah-specific decay heat curve
reraaing bounding.

In summaty, the effect of including Mark-BW17 Fuel on the cument LOCA MRE and the

containment integrity analysis has been avaluated. it has been concluded that the current
anafysis results remain bounding.

6.2.9.3.5 Effect of Steam Bvpass

The senzitivity of the compression peak pressure 1o deck bypass is shown in Figure 8§.2.1-22,
which shows that an incréase in deck bypaes ares of 50 peorcont woubd cause on Incisase of
sbout 0.2 psi in final peak comprassion pressure. Also, it is important to note that the plant
final peak compression pressure of 7.18 psig ahready includes a contribution of 0.4 psi from the
plant deck bypass area of 5 #t2,

This effect of deck leakage on upper containment pressure has boen verified by & series of four
special, full-scale section tasts. ‘These tests ware alf identical except different size deck jeakage
areas werd used,

The results of these tests gre given in Figbre 6.2,1-23 which includes two curves of test resuhs,
£ach curve shows the difference in upper compartenent pressure between one test and another
resulting from a difference in deck leakage area. One curve shows the increase in upper
compartment pressure at the end of the boiler blowdown (after the compression pesk pressuts,
at about 50 seconds in-these tests], and the sacond curve shows the increase in upper
compartrrent peak pressure (at about 10 ssconds in these tests), It should be noted that the
pressure ot the end of the blowdown is less than the pesk compression ratio pressure vocuering
at sbout 10 seconds for reference blowdown test,

The containment pressure increase due 1o deck leakage is directly proportional to the totat
amount of steam leakage into the upper compartaent, and the amount of this steam leakage is,
in tum, proportional to the amount of stesm reteased Trom the boiler, less the Inventory of steam
remaining in the jower compariment. Notably, the increase in uppar eompartment compression
peak pressure is substantially less than the uppér compartment pressurs increase at the snd of
blowdown, because the peak compression pressure cccurs before the baller has released alf of
itz energy, and measured increase in peak compression pressure due 1o increasad deck leakage,



INSERT
Mark.-BW17 Fuel Bvaluation

For the reload core, there is no difference in the mechanical heat capacity of the fuel;
however, the core stored energy has increased stightly. The increase was evaluated, and
it was determined 1o have an increased energy effect of 132,000 BTUs, However, the
Tech-Spec ice mass based on the Refererice 72 analysis containg an additional 384 Lbms
of ice due to roundoff. The increase in core stored energy is offset by the roundof¥ in the
Fech-Spec operational limit. Therefore, the Reference 72 analysis bounds operation with
reloads having up to 96 fresh Mark-BW17 fuel assemblies.
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TABLE 8.2.1-1 iSheet 13

General Information
A Design pressure, psig

B. Design temperature, °F
C. Free volume, 1
o. Design arsd shaximum aliowabie leak rates, %fday

Initial Conditions

A, Reactor Coclant System (st design averpower of 102% and at normal Hiquid lovels)

1. Reactor power tovel, mwi

2, Average coolant temperature, *F

R Mast of Reactor Coolant Systen Ingpaid, Hm
4. Mass of Renctor Coolant System Kquid, tbm

5. Liguid plus steam energy, BT {relative to 32°F) -

B. Containment

1. Normal pregsure, psi
2. Normal Inside tempereture, F
y i rt :
~ lower eompartment
~ ice condenser
3. Outside temperature, °F
4. Avorage relative humidity, %
5. Maximum essoential raw water 1smpetatwve, *F

€. Mexdmumm rafuclig water temporaturs (if applicable), *F

7. Inftis foe mass imin.), 16
C. Stored Water {as applicable)
1. Hetueling water st tank, gal
2. Guench spray tank,
3. Four safety injection sccumulators, 100}

4. Condensate storage tanks, #°

T n i i

See Figures 6.2.1-15, 6.2.1-16, 6.2.1-17, 6,2.1-18, and 6.2,1-18

Mass and Energy Addition Tables

Seoe Tables 6.2.1-18, 6.2.1-15, and 6.2,1-18

TB21-1 . don

12
327
11 38.920

s

3.479.2
578.2
538,640
4660

384.6 x 10

T
VX i
376,000
Not applicabie
4,372 madmum
4,253 mindmurs

pet unit
108,337 total

of two tanks

for both unite

14

| 4



(53%d - oy} fssed - aburg)
ALY g LT oS
SRR P n
Histiueen fing
0}
STy oeN
N (=T} 0 ]

12180433 -1°2°0 F18v)

NODS




1 |

&t

B Yid 8

S EG 07 oo ighy]

“*Rmod i01eas Ag uonaes Burkidnmus Aq punay 1es

ROBOONO
L26000Q
1601000
9581000
BOGLOL'O
312060
OQEZ00"0
PEREDOO
LOZEMy
OL28080
120900
gLLLOBD
LEOOLO0
28924100
000ZL0'0
orogL0
L8L#10°0
5188100
1266100
8842200
G8EET00
bE6YZOO
8LoLEZYO
9£6020°0
YeLLe0'o
91rGEQ'g
S90L80
rvzeghio
LOYI00
Bigetoo
FOS0'0
{88500

(HET(HETT M

2y uoiriouen
ey Aeaag

LO+I00° %
20+30078
90+300'g,
90+300;
FO+I0G
SO+t
O +F0 ¢
S04700°g
300°g
U+300°%
Q43007 L
O+ 300"y
$O+305°¢
#¥O+300°L
£04-300°8
£0+300°9
LO+I00™F
EQ+300°Z
€0+306°L
€0+300°1

. 20+300'Q

Z0+300'9
0+ 300"
Mt 3007
Frd H0G* 1
Z20+O°L
10+ 308
10+ 300
L0 +300°P
0+300°T
$10+305°L
+300'1 |

s
aun )

NOLLYHEININGT oLviEngs YIIS-1804

L¥3H AVDOIG GIINVINLON,

8-1°2°9 3V
NOS

9300 (€10}




SON

TABLE 6.2.1-8
NORMALIZED DECAY HEAT"

Time Decay Heat
{sec) (BTUBTLY
0 0.052263
15 £.049034
20 0047562
40 (.041504
60 0.038493
80 {.038410
100 0.034842
150 0032180
200 0.030432
400 0.026664
600 0.024486
800 0022043
1000 0021722
1500 0.019483
2000 0.017903
4000 0014388
G000 0012584
8000 0.011645
10000 0.010916
18000 0.9N30
20000 0.009368
40000 - 0.007784
60000 0.008876
80000 0.008430
100000 0.006034
150000 .D05336
200000 0.054850
400000 0003781
$00000 0.003212
800000 (.002844
10006000 (.002589
1500000 D.OU2175
2000000 0.001815
4000000 0.001356
6000000 0.0010%0
5000000 0.000924
10000000 0.000804

Key Assumplions

~18 month fuel cyde

-Standard afd V5H fuel

-End of Cydle Core Average Bumup of 52,687 MwdiMTL
~Low bound for ervichment: 3.0%

* Total decay heat found by multiplying the fractions from above by the reactor power.



+i

/Ay /.

(saod sopeas Aq uonel Bikdnnut &g punoj 18ay Aesep o))

PO8000°0 GOo00001L
¥Z6000°0 000000
06040070 0000009
96210070 000000V,
W 5161000 QOO
WGLLZ000 00000
WSZO00 0000801
PR 000 DADO0Y
FAR, 5.1 ¥1] 30009
192800 Q0000
65808 F 000002
9£E500 8 : 00003+
YE0000'0 000001
SEPO000 00002
8769000 00009
¥o2100°0 X LLE
£9€600°0 4 00002
oE10L00 i 00051
160800 4 00001
59951070 0008
yeCI0°0 0009
8gErice 000t
£06L1070 0002
£8¥610°0 } 0054
2anza0 . v 0001
£468200 002
a0 0 w9
$09820°g 0op
FAR 21Xy o0z
0giZgh 0 PGt
TEBYE0 0 113
118 251Xy  ?
Peea’Q 08
FOSHYO o
£98450°0 114
PEOEHI0 413
£62250°0 . Q
fiTania . %)
1eay Aesag eus,
HOLYYEIINDI3 YOLVUANGD WYILS-IUd
FAHRD IV3IH AYD30
SHILINVYUYY INZISAS
2]HWee ™YL

NGS




SON
TABLE 6.2,1-9

ENERGY ACCOUNTING

Approx. End
of

{t= 10,0 asc.)

ice Heat Hemoval
Structural Heat Sinks*

RHR Heat Exchanoer Heat Remaval

Spray Heat Exchanger Heat Removal
Energy Content of Sump
fco Meited [Pounds) {10%

“intergrated Enangies

WoplonLs Lotth paus” 624

S P A

{in Millions of BTUSs}

Approx. End
of

14
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TABLE 6.2.4-9
ENERGY ACCOUNTING

Approxt End of Blowdown Approx™ End of Reflood

{t= 10.0 Seconds) {t = 216.0 Secords)
{in Miflions of Btus)

ice Heat Removal 195.88 2444
Structural Heat Sinks. 18.05 61.74
RHR Heat Exchanger Heat 000 0.00
Removal

Spray Heat Exchanger Heat 0.00 0.00
Removal

Energy Content of Sump 183.7 - 23586
lce Melled {Pwnds)gw‘s) 0.632 0.8266

* Integrated Energies

- End of Blowdown is redefined in LOTIC-1 to cour at 10 seconds, per resuits from the Waltz
Il lce condenser test, ‘

11- The approximate time is the time closest to the event that is captured in the LOTIC-1 code
major print out. Table 6.2.1-21 provides the achial sequence of events
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TABLE 8.2.1-10

ENERGY ACCOUNTING | 4

Approx. Time
of fee Molt Out

{t=3262 wec.j

lce Heat Bemoval 485,4

Structural Heat Sinks* 113.21

RHR Heat Exchanger Heat Remaval " 45.49 .1.
Spray Heat Exchanger Heat B £4.13

Energy Content of Sy

—— o m s -
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TABLE 6.2.1-10
ENERGY ACCOUNTING

Approximate’ Time of lce Melt  Approximate’ Time of Peak

Out (1=3363 Seconds) Pressure (126983 Seconds
{in Millions of Bius)

ice Heal Removal 518.45 516,45
Structural Heat Sinks. 79.795 121440
RHR Heat Exchanger Heat 16.085 45919
Removal
Spray Heat Exchanger Heat 4,185 69.33
Remaval
Energy Content of Sump /2300 651,74
fce Melted (Pounds)}{10%) 1.918 1.916

* integrated Energies

- The approximate Bmeo is the time closest to the event that is wphared In the LOAG-1 oode
major print out. Table 6.2.1-21 provides the actual sequence of svents,
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TABLE 6.2.1-21

DCUBLE ENDED PUMP SUCTION LOCA
MINIMUM SAFEGUARDS

Event
Rupture

Accumutator flow starts |
End of blowdown | 14
Assumed inifiation of ECCS R2.8 | 14
Accumulators empty 83.6 | %
Assumed initlathon of spray system 250 .

End of reflood 216 | &4
Lovr levet alarm of refueling water storglf€ tank

Recirculation phase of safeguards

fce Bed Meitout I 14

RHR spray resfignment

Pesk containment pr

(s Lo e E.2)-2)

TE21.21 desm
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TABLE 8.2.1-21

DOUBLE ENDED PUMP SUCTION LOCA

MINIMUM SAFEGUARDS

Event
Rupture

Accurmdator Flow Staris

End of Blowdown

Assumed Initiation of ECCS

Accurmaiiators Emply

End of Reflood

Assumed Initiation of Spray System

Low Level Alarm from Refusling Waler Storage Tank
Btart of ECCS Cokd Ley Rediraulation

Low-Low Level Alarm from RWST - Sprays Stopped
Spray Pumps Reszalrt In Recirculation Mode

ice Bed Melout

RHR Spray Realignment

Peak Containment Pressure

Time
00
158
325
325
23.8
216.
250,
1681,
1691,
2803.
KERRY
3383
3600.
7068,
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TARLE 6.2.1-32 {Shoot 1)

g
Passive Heat Sinks
A. Material Properties
Volumetric
Thermal Heat
Conductivity Capacity
Material BlUMeBdt BrTUMEE
Paint, 0.2000 14,0
Paing, 0.0883 28.4
Concrete 0.8 28,8
Stainless Stesl 8.4 56.35
Carbon Steel 260 . 56.38
B. Sufaces
Aroa Laver and Thickness
Heat Sink Material i ) .
Upper Compartment
¥ épo ,
1) Operating Deck  Concrete Aee8 1,07 Concrete ~ >
2} Crane Wal Concrete 18,280 00005 Paint
1.29 Concreta
3} Refucling Canal  Steeldined 0.0208 Stainlere
Concrete 3,840 Steel
1.5 Concrete
4} Operating Deck  Concrete 760 0.00125 Paint

1.5 Concrate — I

T A b
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TABLE 8.2.1-37 {Shaet 2)

SEQUOYAH STRUCTURAL HEAT SINKS

[ Y R Y

Ares Layer and Thickness
Heat Sink Materin 1 {1
Lipper Combariment
fcontinued)
5} Containment Shell Stesl 49,960 0.000625 Paint
& Misc. Stee! 0.0403 Stesl
B} Misc. Stes! Steel 2,260 0.000626 Paint
032 Btoel
. Lower Compartroent
7} Operating Deck,
Crane Wall & .
interior Conciets 32,200 1.416 Conticrate
Concrete
8} Areain Contact Conorste - 15640 Dboomlll.l.u&sf.ws
With Sump Water . 18 Concrate
. ol
91 Intesior Concrete Concrete .\\m&ﬁﬁ . Paint
30 £5  Concrete
wA-latetior Concrete A OB - i
Pl o ——— . Pt Ponoret
16 ¥ Reasctor Covity Steet-Lined 2,270 0.02082 Stairdess
Concrete Stant

24 \& \ Concrets




Heat Sink

“Lower t

L2 Containment Shell &
h 2 Misc. Stest

1?‘,19’1;4&0.&4,@

Jee Condenser
13 ) ke Baskets
i+ }6§Latticel=ms

{5’ 36} Lower Support

Structurs

1b 3% 1ce Condenser
Floor

[7 34} Lontalisment
Wall Panets

& Containment
Shelt

1 & ¥4 Crane Wi
Fanels and
Crane Wall

AR AP D o

SON

TARI £ £.2.1.32 {Sheot 3}

YAH &
Ares
Material 0l
Steel 19,500
Stesl 8,000

Steel /ﬁgg:’
Steel —%% ¢

Steel 28,870

Concrete 3,338

Cornposite 18,100

Panel

stoel and

Insulation

Composite 13,055
~ panad

steet andd

insulation

T
Layver and Thickness
0.000626 Paint 12
0.0485 Steal
0.000625 Pairt
0.1008 Steel
00663 Steol
0.217 Stes!
&,
Steel
000833 Paint
0.333 Concrete
1.0 Steol &
o nsidation
.85/, Steel shaet
e f2 Steed &
Instdation
140 Conorots
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Pressure (psig)

Sequoyah Units 1 and 2

Containment Integrily Analysis

———— LContoinment Pressuvre {Psig)
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Sequoyah Units 1 and 2
Containment Integrily Anslysis

Upper Comportiment Temperoture (F)
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Sequoyah Units 1 and 2
Containment Integrity Analysis

~———— Lower Compariment Temperoture (F)
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Figure 6.2.1-17
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Sequoyah Units 1 and 2
Containment Integrity Analysis
Active Sump Temperglure (F}
e Inocltive Sump Temperaiure {(r
200
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i _ - e
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Figure 6.2.1-18
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Mass  (Ibm)

Sequoyah Units 1 and 2
Containment Integrity Analysis
Melted lce Moss (Lbm)
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Figure 6.2.1-19
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CONTAINM SYSTEMS

ICE BED

NSER

LIMITING CONDITION FOR OPERATION

3.6.5.1. The ice bed snall be OPERABLE with:

a

e

mmmmammwakammmm@m
etraborate and a pH of 8.0 10 9.5,

Flow channets through the ice condenser,
Afnaoci:nwnicabedtempemeonessthanorequd ITF,
waaibem@uofatm&w;nmmma 85% Jevel of confidence, and

1944 koo baskets. Sy RS, FPO

APPLICABILITY: MODES 1, 2, 3and 4.

HCTION:

Wihﬁ)eicebedimpemﬁa,mi?ﬁhbedbOPERABLEﬁBmmhdamorbahaieast
HOTSTANDBYMMnﬂ:ethﬁhwmandinOLDSﬂﬂmm%m%bow&

SURVEILLANGE REQUIREMENTS

4.5.5.1 The ice condenser shall be determined OPERABLE:

a,

b,

At least once per 12 Mmhymiwﬂmiwbedwummmmﬁngmbveﬁfym
the maximum foe bed temperature is less than or equal to 27°F.

At least oncs per 12 moms by;

Vem,wmwammaammmmmmatmmm
passages (33 percent} per ice condenser bay, thal the accumulation of frost of ice on flow
pasaages between i ixishels, past ks frames, through the intermediate and top deck
MQm&:g,mpaﬁmwmupkmmemwmnﬁmm%m{m
wmwasmbm¢mwmwmmmw,mammwof
confidence,

:fmmaummmmﬁswmtmemmmm 100
percent of the passages of that bay shall be inspedied, H the 100-percent inspaction falis to
mest the acceptance critenia, then the flow passages shall be deanad fo meet the
acceptance criteria. Each liow passage that ks cleaned will be reinspected, Any
inaccessible flow passage that is not inspected will be considered blocked,
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“Instumentation for Light Water-Gooked Nuclear Power Plants 1o Agsees Plant Conditions Nuting and
Fullowing en Acciient,” December 1980.

The hydrogen mixing systems ane provided 1o ensune adequate miting of the contsinment

atmosphere following a LOCA. ‘This mixing aclion will prevent localized acourmisiations of hydragen from
excaeding e fammable fmit

gg@imwggﬁgagﬁﬁmg:&m&s system will maintain an
effective coverage throughout the containment. This system of ignitors will initiate combustion of any
significant amount of fryshogen roleased after a aegrated core accdent. This system Is to ensure buming
ﬁwgﬁgnﬁﬁuﬁggwﬁaﬁagaﬂgﬁmagggﬂga
concentrations by a random ignition soyrce.

3465 ON

daﬁguﬂoﬁﬁiﬁmwgaqsg&gswggg?
Si&mﬁ:i_Smﬁgsgﬂn@guﬂﬁﬁmgﬁa&Sﬁ%@sg?
containment peak pressure transient to less than 12 psig during LOCA condiions.

34651 ICE BED

43%m§r3£§§§32§§§§Q§§§§,._wca&mq@&oa
evenly through the containment bays, 2) contain sufficient boron fo peeshide dilution of the containment
sump foliowing the LOCA and 3) contain sufficiant heat g&i@ﬂ&ﬁas«mﬁoﬁm&%&
volume released duting a LOCA. These conditions are consistent with the assumptions used in the
accident analyses. -

e

The minimum weight figure pounds of ice perbasket contains a 15% conservative

allowance Jor ice loss through sublimalion which is a facto of 15 higher than assumed for the s

condenser design. The minimusn weight figure o F20626, Bez-62dPounds of ice also contains an addtional 1%
conservative allowanve to account for systomatic BToT i eighing instruments. In the

2, A2 £PO
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