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

November 15, 2002

TVA-SQN-TS-02-06 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 02-06, “INCREASED CONDENSATE
STOARAGE TANK (CST) MINIMUM VOLUME”

Pursuant to 10 CFR 50.90, TVA is submitting a request for a TS change

(TSC 02-06) to licenses DPR-77 and DPR-79 for Units 1 and 2. The proposed
change will revise TS 3.7.1.3, "Condensate Storage Water,” Limiting Condition for
Operation for SQN Units 1 and 2 by increasing the required minimum amount of
stored water from 190,000 gallons to 240,000 gallons. TVA is requesting this
change to support the replacement steam generator requirements. Greater steam
generator structural mass and upgraded regulatory standards were used to
reevaluate the minimum CST volume. This request is similar to the approved
license amendment request by South Carolina Electric & Gas Company's (SCE&G)
Virgil C. Summer Nuclear Station, Amendment Number 145 issued July 7, 2000.

TVA has determined that there are no significant hazards considerations
associated with the proposed change and that the TS change qualifies for
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categorical exclusion 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 SQN Units 1 and 2 , in accordance with the proposed change, will
not endanger the heaith and safety of the public. Additionally, in accordance with
10 CFR 50.91 (b)(1), TVA is sending a copy of this letter and attachments to the
Tennessee State Department of Public Health. As part of the proposed license
amendment request, no commitments have been made by TVA.

TVA requests approval of this TS change to support the Unit 1 Cycle 12 outage
currently scheduled for March 2003. TVA requests that the implementation of the
revised TS be within 45 days of NRC approval. This letter is being sent in
accordance with NRC RIS 2001-05.

If you have any questions about this change, please telephone me at
(423) 843-7170 or J. D. Smith at (423) 843-6672.

Licensing and Industry Affairs Manager

| declare under penalty of perjury that the foregoing is true and correct. Executed
onthis __|S~ dayof klimeu&;g( L2002 .

Enclosures

1. TVA Evaluation of the Proposed Changes

2. Proposed Technical Specifications Changes (mark-up)

3. Changes to Technical Specifications Bases pages

4. Framatome ANP’s SQN Condensate Volume Requirement Verification



Enclosure 1

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

TVA Evaluation of the Proposed Change
1. DESCRIPTION

This letter is a request to amend Operating License(s) DPR-77 and DPR-79 for SQN
Units 1 and 2. The proposed change would revise the Limiting Condition of Operation
(LCO) of Technical Specification (TS) 3.7.1.3, “Condensate Storage Water (CST),” to
require an additional inventory of water storage, as the preferred coolant source during
credible design accidents. In addition, the associated TS Bases will be modified for
clarity. This proposed change will address the requirement of additional coolant water
for plant transients resulting in the need for auxiliary feedwater after replacement steam
generators installation.

Enclosure 3 contains the proposed TS Bases revision associated with the proposed
revised LCO.

2. PROPOSED CHANGE

This amendment request proposes to revise SQN’s TS 3.7.1.3, "Condensate Storage
Water,” for Units 1 and 2 by increasing the minimum amount of stored water.
Specifically, the minimum water volume value of 190,000 gallons will be replaced by
240,000 gallons such that the revised LCO will state:

“The condensate storage tank system (CST) shall be OPERABLE with a contained
water volume of a least 240,000 gallons of water.”

The associated TS Bases 3/4.7.1.3, “Condensate Storage Tank,” also includes a
proposed revision. This proposed revision will clarify the basis for the minimum amount
of water. This revision, as can be seen in Enclosure 3, will include the statement:

“and to subsequently reduce the reactor coolant system temperature to HOT
SHUTDOWN conditions in 6 hours at which time the heat removal load is transferred to
the residual heat removal system.”

In summary, the minimum condensate storage tank water volume of 190,000 gallons to
be maintained during applicable modes will be increased to 240,000 gallons. This
change reflects the necessary minimum amount of feedwater, with an additional 12,000
gallon margin, to assist in steam generator recovery of Unit 1 by removing primary
stored and residual core energy for such events as loss of normal feedwater supply or
secondary system pipe rupture. This proposed change is conservatively requested for
both units since the Unit 1 CST is inter-connected to the Unit 2 CST.
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3. BACKGROUND

Each of SQN’s CST’s consist of a non-seismic qualified carbon steel tank with capacity
of 385,000 gallons. The CST's are connected to the condenser hotwell and hotwell
pumps discharge for the addition and dumping of water, respectively, to maintain water
inventory in the secondary system. Storage tank level is maintained by makeup from
the water treatment plant. Each tank is equipped with an electronic level indicator
which provides continuous tank level indication and provides a signal in the main
control room for annunciation of abnormal tank levels. In addition, each tank is
provided with a local level indicator. The current minimum water amount of 190,000
gallons in each tank is reserved for the auxiliary feedwater (AFW) Systems by means of
an administrative limit based upon indicated level set points.

A CST is the preferred and primary source of clean water for the AFW. An alternate
unlimited source of cooling water is supplied by the seismic Category 1 essential raw
cooling water (ERCW) system. The ERCW supply can be remote-manually aligned
based on CST level or automatically on a two-out-of-three low-pressure signal in the
condensate suction line. In addition, the fire protection system can be aligned to supply
feedwater in the event of a flood above plant grade. (Reference 1)

TS 3.7.1.3 currently requires the CST of both Unit 1 and 2 be operable by maintaining a
minimum water volume of 190,000 gallons. This minimum volume of water in the CST
is specified, as stated in TS Bases 3.7.1.3, to ensure sufficient water is available to the
AFW system to maintain the reactor coolant system (RCS) at hot standby for two hours.
(Reference 2)

Sequoyah is currently working towards replacement of its Unit 1 steam generators in
the Spring of 2003. The design of the replacement steam generator provides additional
structural mass over the original steam generator and consequently an increase in
stored energy content. TVA has chosen to reevaluate the minimum CST volume using
a newer standard for decay heat generation and associated conservative input
parameters. These changes have resulted in an increase in the minimum CST
inventory. In addition to this proposed TS LCO change, a TS Bases change is
proposed to clarify that the CST minimum volume includes capacity to reduce the RCS
temperature to hot shutdown conditions within 8 hours of reactor trip.

There is precedence for allowing an increase in the minimum required water volume in
the CST as a result of replacement steam generators. The South Carolina Electric &
Gas Company (SCE&G) operating license for the Virgil C. Summer Nuclear Station,
has been amended to allow an increase in the required minimum water volume of the
CST as a result of replacement steam generators, uprate, and recalculated value of the
unusable volume of the CST. This amendment, Number 145, was issued on July 7,
2000.
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4. TECHNICAL ANALYSIS

The minimum required volume of water in the CST, as specified by LCO 3.7.1.3, is
being changed from 190,000 gallons to 240,000 gallons. This change is based on the
increased requirements created by installing replacement steam generators on Unit 1,
newer standard for modeling decay heat generation (Reference 3), and revised input
assumptions for the calculation to determine the minimum water volume necessary
during plant transients.

The previous required inventory of 190,000 gallons was originally based on a very
conservative decay heat model and the time from a reactor trip to placing the residual
heat removal (RHR) system in service (References 4 and 5). The core decay heat
model for the original CST inventory determination was based on the conservative
Westinghouse Electric Company decay heat model (circa 1970), a precursor to ANS
5.1-1971. To determine the new CST inventory requirements, the core heat production
associated with decay heat is based on the 1994 ANS standard with B&W heavy
actinide contribution.

Several of the original assumptions were incorporated into the calculation. These
assumption are as follows:

1. Following reactor trip, no reactor coolant pumps are operating,

2. Following the reactor trip, the RCS temperature is reduced to 350 degrees
Fahrenheit (°F) over a period of 8 hours, at which time the heat removal load is
transferred to the RHR system,

(NOTE: The sequence and length of time at hot standby and for cooldown do not
affect the water requirement; rather, the time from reactor trip to RHR operation
determines the water requirement.)

3. All feedwater is assumed to be delivered to the steam generator for heat removal by
evaporation and released through the main steam safety valves. Release of
feedwater other than through the main steam safety valves, such as spillage due to
a feedline break, is not considered.

The following assumptions have been changed from the original CST inventory
calculations to allow greater operation freedom and support emergency response
guidelines:..

1. The original AFW temperature assumption of 100°F used by Westinghouse Electric

Company in 1971 was increased by 20 degrees for an AFW temperature input value
of 120°F,
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2. The original AFW requirement did not include the quantity of water needed to refill
the steam generators; whereas this calculation considered steam generator refill to
the normal zero load level, and

3. The assumption of the reactor operating at 102% of the power level (corresponding
to the turbine-generator unit maximum calculated heat balance) was changed to
100.7%. This is the result of the recent installation of a new main feedwater leading
edge flow measurement system which provided a 1.3% reduction in the calorimetric
uncertainty of the secondary side power measurement.

The calculation to determined the minimum volume requirements of the CST is included
in Enclosure 4.

The proposed increase in the minimum water volume of the CST ensures that a
sufficient quantity of the preferred source of clean feedwater is available for use during
plant transients that require use of the AFW system. However, the CST's are not
seismically qualified and NRC Branch Technical Position (RSB 5-1) Section G,
“Auxiliary Feedwater Supply,” states:

The Seismic Category 1 water supply for the auxiliary feedwater system for a
PWR (pressure water reactor) shall have sufficient inventory to permit operation
at hot shutdown for at least 4 hours, followed by cooldown to the conditions
permitting operation of the residual heat removal (RHR) system. The inventory
needed for cooldown shall be based on the longest cooldown time needed with
either only onsite or only offsite power available with an assumed single failure.

The AFW system is backed by an unlimited supply of water from the ERCW system,
which is designed for seismic conditions (i.e., seismic Category 1) and meets single
failure requirements (References 6 and 7). Hence, Sequoyah meets RSB 5-1
Section G.

In summary, the proposed revision to TS 3.7.1.3, “Condensate Storage Tank,”
minimum water volume from 190,000 gallons to 240,000 gallons reflects the additional
amount of water necessary to cool the replacement steam generators of Unit 1 with the
revised assumptions. TVA has proposed that both the Unit 1 and 2 TSs be revised
because Unit 1 and Unit 2 CSTs are inter-connected. The proposed minimum water
volume increase is the result of calculations performed by Framatome ANP. These
calculations took into consideration the original calculations basis for the LCO for

TS 3.7.1.3; the increase in structural mass of the new steam generators; a more limiting
AFW temperature of 120°F, refill to the normal steam generator zero load level, and the
recent upgrade in rated thermal power. Since the calculations were performed with a
more limiting replacement steam generator for Unit 1, they are also applicable to the
original Unit 2 steam generators.
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5. REGULATORY SAFETY ANALYSIS

This license amendment request proposes to revise SQN's TS 3.7.1.3, "Condensate
Storage Water,” for Units 1 and 2 by increasing the minimum amount of stored water.
Specifically, the minimum water volume value of 190,000 gallons will be replaced by
240,000 gallons such that the revised LCO will state:

“The condensate storage tank system (CST) shall be OPERABLE with a contained
water volume of a least 240,000 gallons of water.”

The associated TS Bases 3/4.7.1.3, “Condensate Storage Tank,” also includes a
proposed revision. This proposed revision will clarify the base for the minimum amount
of water. This revision, as can be seen in Enclosure 3, will include the statement:

“and to subsequently reduce the reactor coolant system temperature to HOT
SHUTDOWN conditions within 6 hours at which time the heat removal load is
transferred to the residual heat removal system.”

In summary, the minimum CST water volume of 190,000 gallons to be maintained
during applicable modes will be increased to 240,000 gallons. This change reflects the
necessary minimum amount of feedwater, with administrative margin, to assist in steam
generator recovery of Unit 1 by removing primary stored and residual core energy for
such events as loss of normal feedwater supply or secondary system pipe rupture.
Because Unit 1 CST is inter-connected to the Unit 2 CST, this proposed change is
conservatively requested for both units.

5.1 No Significant Hazards Consideration

TVA has evaluated whether or not a significant hazards consideration is involved
with the proposed amendment(s) by focusing on the three standards set forth in 10
CFR 50.92, “Issuance of amendment,” as discussed below:

1. Does the proposed change involve a significant increase in the probability or
consequences of an accident previously evaluated?

Response: No.

The proposed change does not change the physical design and construction of
the condensate storage tank (CST). The purpose of the increased water
volume is to ensure that the required volume of water, preserved by the
technical specification (TS), is sufficient to meet Sequoyah Nuclear

Plant (SQN) Licensing and Design Basis after installation of the replacement
steam generators. The change in the administratively controlled inventory of
the CST will not increase the probability of an accident. Therefore, the
proposed change does not involve a significant increase in the probability of
consequences of an accident previously evaluated.
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2. Does the proposed change create the possibility of a new or different kind of
accident from any accident previously evaluated?

Response: No.

This change increases the minimum required volume of water in the CST, thus
ensuring that the auxiliary feedwater (AFW) system can perform its required
safety function, using a preferred water source for plant transient mitigation.
The maximum and normal water levels in the CST are not being changed.
Additionally, increasing the minimum water volume requirement will not initiate
any accident. Therefore, the proposed change does not create the possibility
of a new or different kind of accident from any previously evaluated.

3. Does the proposed change involve a significant reduction in a margin of
safety?

Response: No.

This change does not reduce any margin associated with the CST inventory
available to AFW. The requirement for sufficient CST volume to maintain hot
standby and subsequent cooldown to hot shutdown continues to be met by the
minimum volume increase. Additionally, the essential raw cooling water
(ERCW) system still provides the long-term supply of safety grade cooling
water to the AFW in the event that all inventory of the CST is lost. Therefore,
the proposed change does not involve a significant reduction in a margin of
safety.

Based on the above, TVA concludes that the proposed amendment(s) present
no significant hazards consideration under the standards set forth in 10 CFR
50.92 ( ¢), and accordingly, a finding of “no significant hazards consideration” is
justified.

5.2 Applicable Regulatory Requirements/Criteria

The regulatory basis for TS 3.7.1.3, “Condensate Storage Tank,” is to provides a
safety grade source of water to the steam generators for removing decay and
sensible heat from the reactor coolant system (RCS). Sequoyah CST provides the
primary and preferred source of AFW during plant transients. The ERCW is the
backup safety-related system which meets the basis for providing a safety grade
source of water.

10 CFR Part 50 General Design Criteria (GDC) 2, “Design bases for protection
against natural phenomena,” requires structures, systems, and components
(SSCs) important to safety shall be designed to withstand the effects of natural
phenomena such as earthquakes, tornadoes, hurricanes, floods, tsunami, and
seiches without loss of capability to perform their safety functions.
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GDC 5, “Sharing of structures, systems, and components,” requires that SSCs
important to safety shall not be shared among nuclear power units unless it can be
shown that such sharing will not significantly impair their ability to perform their
safety functions, including, in the event of an accident in one unit, an orderly
shutdown and cooldown of the remaining units.

GDC 44, “Cooling water,” describes that a system to transfer heat from SSCs
important to safety, to an ultimate heat sink shall be provided.

GDC 45, “Inspection of cooling water system,” defines that the cooling water
system shall be designed to permit appropriate periodic inspection of important
components, such as heat exchangers and piping, to assure the integrity and
capability of the system.

GDC 46, “Testing of cooling water system,” requires that the cooling water system
shall be designed to permit appropriate periodic pressure and functional testing.

Regulatory Guidance 1.29, “Seismic Design Classification,” describes the
acceptable method for identifying and classifying those features of a light-water-
cooled nuclear power plant that should be designed to withstand the effects of a
Safe Shutdown Earthquake.

NRC Branch Technical Position RSB 5-1, “Design Requirements of the Residual
Heat Removal System,” dated July 1981.

NUREG -0800, “U.S. NRC Standard Review Plan,” Section 9.2.6, “Condensate
Storage Facilities,” provides guidance to the NRC staff for the review and
evaluation of system design features from the CST to the connections or interfaces
with other systems associated with the condensate storage facilities, which may or
may not be safety related.

The CST is aligned to the AFW system as the primary and preferred source of
cooling water for plant transients that result in a need for AFW. NUREG-0800,
Standard Review Plan, Section 9.2.6, “Condensate Storage Facility,” provides
guidelines to assure conformance with the requirements of General Design Criteria
2, 5, 44, 45, and 46. A condensate storage facility may not be safety related as in
the case of Sequoyah’s CST, but it is recognized that a CST may have provisions
to automatically transfer to a seismic Category | source. Sequoyah conforms with
these requirements.

The TSs for the CST has once been amended to extend the limiting condition for
operation of the CSTs to Mode 4 when steam generators are relied upon for heat
removal. In the accompanying NRC safety evaluation report (SER) it was written
that following a reactor trip, decay heat is dissipated by evaporating water in the
steam generator and venting the steam either to the condensers or to the

E1-7



6.

atmosphere. In such situations, steam generator water inventory must be
maintained at a level sufficient to ensure adequate heat transfer and decay heat
removal. The AFW system pumps deliver this emergency water supply to the
steam generators. The AFW system provides emergency water to the steam
generators until either normal feed water flow is established or the residual heat
removal (RHR) system can assume the decay heat removal function. The primary
sources of water for the AFW system pumps are the CSTs. On low suction
pressure, the AFW pumps are designed to automatically swap to the ERCW.

The ERCW is a seismic Category 1 system (Reference 6). However in order to
maintain our current license basis, preferred source, and an adequate amount of
the primary source of cooling water, SQN has chosen to request a license
amendment to increase the minimum amount of CST inventory.

In conclusion, based on the considerations discussed above, (1) there is
reasonable assurance that the health and safety of the public will not be
endangered by operation in the proposed manner, (2) such activities will be
conducted in compliance with the Commission’s regulations, and (3) the issuance
of the amendment will not be inimical to the common defense and security or to the
health and safety of the public.

ENVIRONMENTAL CONSIDERATION

A review has determined that the proposed amendment would change a requirement
with respect to installation or use of a facility component located within the restricted
area, as defined in 10 CFR 20, or would change an inspection or surveillance
requirement. However, the proposed amendment does not involve (i) a significant
hazards consideration, (ii} a significant change in the types or significant increase in the
amounts of any effluent that may be released offsite, or (iii) a significant increase in
individual or cumulative occupational radiation exposure. Accordingly, the proposed
amendment meets the eligibility criterion for categorical exclusion set forth in 10 CFR
51.22( ¢)(9). Therefore, pursuant to 10 CFR 50.22(b), no environmental impact
statement or environmental assessment need be prepared in connection with the
proposed amendment.

7.

1.

2.

REFERENCES

Sequoyah Nuclear Plant, Final Safety Analysis Report (As Updated) Revision 17,
Section 10.4.7.2.2, “System Description”

Sequoyah Nuclear Plant, Technical Specification Bases 3/4.7.1.3, "Condensate
Storage Tank”

3. American Nuclear Society Document ANSI/ANS-5.1-1994, “American National

Standard for Removing Decay Heat Power in Light Water Reactors,” dated August
23, 1994
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. Letter to TVA from Westinghouse Electric Corporation, “AFW Flows and
Condensate Storage Tank Volume,” dated May 23, 1993 (B38930607811)

. Letter to TVA from Westinghouse Electric Corporation, “Required Auxiliary
Feedwater Storage Quantity,” dated November 20, 1981 (811218F0714)

. Sequoyah Nuclear Plant, Final Safety Analysis Report (As Updated) Revision 17,
Section 9.2.2, “Essential Raw Cooling Water (ERCW)”

. NUREG 0011 - Safety Evaluation Report for Sequoyah Nuclear Plant dated March
1979, Section 10.4.2, “Auxiliary Feedwater System”
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ENCLOSURE 2

TENNESSEE VALLEY AUTHORITY
SEQUOYAH PLANT (SQN)
UNITS 1 AND 2
Proposed Technical Specification Changes (mark-up)
l. AFFECTED PAGE LIST
Unit 1

34 7-7

Unit 2

3/4 7-7

II. MARKED PAGES

See attached.
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PLANT SYSTEMS

CONDENSATE STORAGE TANK

LIMITING CONDITION FOR OPERATION

3.7.1.3 A condensate storage tank system (CST) shall be OPERABLE with a contained water volume of
at least 4188,000|gallons of water. P = -o-
1 240,000
APPLICABILITY: MODES 1,2 and 3, - ==
MODE 4 when steam generator is relied upon for heat removal.

ACTION-
With the condensate storage tank system inoperable, within 4 hours either.

a. Restore the CST to OPERABLE status or be in at least HOT STANDBY within the next 6
hours and in HOT SHUTDOWN within the following 12 hours without reliance on steam
generator for heat removal, or

b. Verify by administrative means OPERABILITY of the Essential Raw Cooling Water System
as a backup supply to the auxiliary feedwater pumps* and restore the condensate storage
tank to OPERABLE status within 7 days or be in at least HOT STANDBY within the next 6
hours and in HOT SHUTDOWN within the following 12 hours without reliance on steam
generator for heat removal.

SURVEILLANCE REQUIREMENTS

4.7.1.3.1 The condensate storage tank system shall be demonstrated OPERABLE at least once per 12
hours by verifying the contained water volume is within its limits when the tank is the supply source for the
auxiliary feedwater pumps.

*  OPERABILITY shall be verified once per 12 hours following initial verification

November 19, 1998
SEQUOYAH - UNIT 1 314 7-7 Amendment No. 238
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PLANT SYSTEMS

CONDENSATE STORAGE TANK

LIMITING CONDITION FOR OPERATION

3.7.1.3 The condensate storage tank system (CST) shall be OPERABLE with a contained water volume
of at least 084 gallons of water. P - - -

1240,000 |
APPLICABILITY: MODES1,2and 3, - ===

MODE 4 when steam generator is relied upon for heat removal.

ACTION:
With the condensate storage tank system inoperable, within 4 hours either:

a. Restore the CST to OPERABLE status or be in at least HOT STANDBY within the next 6
hours and in HOT SHUTDOWN within the following 12 hours without reliance on steam
generator for heat removal, or

b. Verify by administrative means OPERABILITY of the Essential Raw Cooling Water System
as a backup supply to the auxiliary feedwater pumps* and restore the condensate storage
tank to OPERABLE status within 7 days or be in at least HOT STANDBY within the next 6
hours and in HOT SHUTDOWN within the following 12 hours without reliance on steam
generator for heat removal.

SURVEILLANCE REQUIREMENTS

4.7.1.3.1 The condensate storage tank system shall be demonstrated OPERABLE at least once per
12 hours by verifying the contained water volume is within its limits when the system is the supply source
for the auxliary feedwater pumps.

*  OPERABILITY shall be verified once per 12 hours following initial verification.

November 19, 1998
SEQUOYAH - UNIT 2 34 7-7 Amendment No. 228
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ENCLOSURE 3

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

Changes to Technical Specifications Bases Pages

1. AFFECTED PAGE LIST

Unit 1

B3/4 7-2b
Unit 2

B3/4 7-2b

L. MARKED PAGES

See attached.
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PLANT SYSTEMS

BASES

which are designated as Train A, receive A-train air, and provide flow to the same steam generators that
are supplied by the B-train motor-driven auxiliary feedwater pump. The remaining two LCVs are
designated as Train B, receive B-train air, and provide flow to the same steam generators that are
supplied by the A-train motor-driven pump. This design provides the required redundancy to ensure that
at least two steam generators receive the necessary flow assuming any single failure. 1t can be seen from
the description provided above that the loss of a single train of air (A or B) will not prevent the auxiliary
feedwater system from performing its intended safety function and is no more severe than the loss of a
single auxiliary feedwater pump. Therefore, the loss of a single train of auxiliary air only affects the
capability of a single motor-driven auxiliary feedwater pump because the turbine-driven pump is still
capable of providing flow to two steam generators that are separate from the other motor-driven pump.

Two redundant steam sources are required to be operable to ensure that at least one source is
available for the steam-driven auxihary feedwater (AFW) pump operation following a feedwater or main
steam line break. This requirement ensures that the plant remains within its design basis (i e., AFWto
two intact steam generators) given the event of a loss of the No 1 steam generator because of a main
steam line or feedwater line break and a single failure of the B-train motor driven AFW pump. The two
redundant sources must be aligned such that No. 1 steam generator source is open and operable and the
No. 4 steam generator source is closed and operable.

For instances where one train of emergency raw cooling water (ERCW) is declared inoperable in
accordance with technical specifications, the AFW turbine-driven pump is considered operable since it is
supplied by both trains of ERCW. Similarly, the AFW turbine-driven pump is considered operable when
one train of the AFW loss of power start function is declared inoperable in accordance with Technical
Specifications because both 6.9 kilovolt shutdown board logic trains supply this function. This position is
consistent with American National Standards Institute/ANS 58.9 requirements (i e., postulation of the
failure of the opposite train is not required while relying on the TS Iimiting condition for operation)

3/47.13 CONDENSATE STORAGE TANK

The OPERABILITY of the condensate storage tank with the minimum water volume ensures that
sufficient water is available to maintain the RCS at HOT STANDBY conditions for 2 hours with steam
discharge to the atmosphere concurrent with total loss of off-site powerl The contained water volume limit
includes an allowance for water not useable because of tank discharge line location or other physical
characteristics.

(SENTENCE INSERT _

|, " and to subsequently reduce the reactor coolant system temperature to !
' HOT SHUTDOWN conditions in 6 hours at which time the heat removal
' load is transferred to the residual heat removal system '
1
- - - - - - - - - - - - - - - - - - - - - - - - - - - .
August 22, 1995
SEQUOYAH - UNIT 1 B 3/4 7-2b Amendment No 115, 155, 182, 188

196, 207
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PLANT SYSTEMS

BASES

train air, and provide flow to the same steam generators that are supplied by the A-train motor-driven
pump. This design provides the required redundancy to ensure that at least two steam generators receive
the necessary flow assuming any single failure. It can be seen from the description provided above that
the loss of a single train of air (A or B) will not prevent the auxiliary feedwater system from performing its
intended safety function and is no more severe than the loss of a single auxiliary feedwater pump.
Therefore, the loss of a single train of auxiliary air only affects the capability of a single motor-driven
auxiliary feedwater pump because the turbine-driven pump is still capable of providing flow to two steam
generators that are separate from the other motor-driven pump.

Two redundant steam sources are required to be operable to ensure that at least one source is
available for the steam-driven auxiliary feedwater (AFW) pump operation following a feedwater or main
steam line break. This requirement ensures that the plant remains within its design basis (i e., AFW to
two intact steam generators) given the event of a loss of the No 1 steam generator because of a main
steam line or feedwater line break and a single failure of the B-train motor driven AFW pump. The two
redundant sources must be aligned such that No. 1 steam generator source is open and operable and the
No 4 steam generator source I1s closed and operable.

For instances where one train of emergency raw cooling water (ERCW) is declared inoperable in
accordance with technical specifications, the AFW turbine-driven pump is considered operable since it is
supplied by both trains of ERCW. Similarly, the AFW turbine-driven pump is considered operable when
one train of the AFW loss of power start function is declared inoperable in accordance with technical
specifications because both 6.9 kilovolt shutdown board logic trains supply this function. Similarly, the
AFW turbine-driven pump is considered operable when one train of the AFW loss of power start function
is declared inoperable in accordance with Technical Specifications because both 6.9 kilovolt shutdown
board logic trains supply this function. This position is consistent with American National Standards
Institute/ANS 58.9 requirements (i.e., postulation of the failure of the opposite train is not required while
relying on the TS Iimiting condition for operation).

3/47.13 CONDENSATE STORAGE TANK

The OPERABILITY of the condensate storage tank with the minimum water volume ensures that
sufficient water is available to maintain the RCS at HOT STANDBY conditions for 2 hours with steam
discharge to the atmosphere concurrent with total loss of off-site power[ The contained water volume limit
includes an allowance for water not usable because of tank discharge line location or other physical
characteristics.

1SENTENCE INSERT _

- e 2 2 B B R e e e E e wm e = m = oy

I ' andto subsequently reduce the reactor coolant system temperature to 1
' HOT SHUTDOWN conditions in 6 hours at which time the heat removal s
' load is transferred to the residual heat removal system 1
|
L] - - - - - - - - - - - - - - - - - - - - - - - - - - l
August 22, 1995
SEQUOYAH - UNIT 2 B 3/47-2b Amendment No. 105, 174, 180,

187, 197

E3-3
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Framatome Advanced Nuclear Power (FANP)
P. 0. Box 10935
Lynchburg, Virginia 24506-0935

Attention” Mr. W. L. Redd

Gentlemen:

SEQUOYAH NUCLEAR PLANT UNITS 1 AND 2 - ENGINEERING AND ANALYSIS SUPPORT
SERVICES - CONTRACT 99NNQ-256540 - LETTER TVFTI-071

CONTRACT WORK AUTHORIZATION NO. N2000-001 - DOCUMENT SUBMITTAL -
CONDENSATE STORAGE TANK MINIMUM CONTAINTED VOLUME EVALUATION - N2N-057

We acknowledge receipt of the document listed below submitted by Letter FANP-02-2442 and return
herewith one copy marked (A), “Approved”.

Document No Revision Title

32-5014532 00 Condensate Storage Tank (CST) Minimum Contained Volume
Calculation, Unit 1 and 2

The subject calculation evaluates the Sequoyah replacement steam generators with respect to the minimum
contained CST volume requirement in Section 3.7.1.3 of the Sequoyah Technical Specifications. The
calculation models the changes in the steam generator tube heat transfer surface area and heat transfer
coefficient and establishes the minimum CST volume requirements for plant cooldown following a full
power reactor trip to residual heat removal operating conditions. The calculation also evaluates the effect
of assumed condensate temperature and steam generator level on the minimum volume requirements.

We have reviewed the subject calculation and note that the minimum required CST volime for the
replacement steam generators using the currently assumed nominal condensate temperature (100°F) and
post-trip steam generator level (no refill) is 188,700 gallons. However, we also note that the calculation is
based on decay heat calculated using the 1994 American Nuclear Society (ANS) decay heat standard.
Since the current condensate temperature and steam generator refill assumptions are predicated on the use
of a conservative decay heat generation model (i.e., the 1970 Westinghouse Electric Company decay heat
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model), we do not consider continued use of these assumptions to be appropriate for use with the 1994
ANS decay heat standard. Based on a bounding condensate temperature of 120°F and a steam generator
post-trip refill level assumption consistent with current operating practice (i e., 39 percent of the narrow
range instrument span), the subject calculation establishes a minimum CST contained volume requirement
of 228,000 gallons. We plan to adopt this value as the revised safety analysis limit for operation with the
replacement steam generators. Since this value exceeds the 190,000 gallon minimum contained volume
requirement in Section 3.7.1.3 of the Sequoyah Technical Specifications, we have initiated Sequoyah
Technical Specification Change Request No. TVA-SQN-TS-02-06 to increase the current CST contained
volume operability limit from 190,000 gallons to 240,000 gallons. Because the Sequoyah Unit 1 and Unit
2 condensate storage tanks are inmterconnected, this change will be made to the Unit 2 Technical
Specifications as well as the Unit 1 Specifications.

Please note we have made the following annotations to the TVA approved copies of the subject document.

1. Page 4 - To be consistent with the operating mode definitions given in Table 1.1 of the Sequoyah
Technical Specifications, we have annotated the second paragraph in Section 1.1 on this page to read,
“The reactor is tripped and the plant is cooled in hot standby conditions for a 2 hour time frame. In the
following 6 hours, the plant is cooled from hot standby to hot shutdown (i.e., residual heat removal cut-
in conditions).”

2. Page 85 - To be consistent with Section 1.1, we have annotated Section 8.1 on this page to read, «...the
plant is tripped from full power and cooled in hot standby conditions over a 2-hour period followed by
a cool down to RHR cut-in conditions in 6 hours; a total of 8 hours.”

Please adjust your records as necessary to reflect these annotations. Please incorporate these annotations in
the text of the document should it be revised for any other reason.

The above document was prepared as part of the nuclear steam supply and balance-of-plant systems review
performed by FANP under Section 2.7 of the proposal submitted by Letter FT1-99-2241. The calculation
is based on design mput information provided by Letter TVFTI-057 concerning the technical basis for the
current CST contained volume requirement.

Please contact D. M. Lafever at Sequoyah (423-843-8377) if you have any questions or comments
regarding the content of this submittal.

Sincerely,

FNAG

4" P. G. Trudel, Project Engineer
Steam Generator Replacement Project
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PURPOSE AND SUMMARY OF RESULTS:

TVA will replace steam generators at SQN, Unit 1. Scoping calculations reveal that slightly more auxiliary feedwater (AFW) is
required to cool the replacements (RSGs) from normal operation to RHR cut-in than it would to cool the original steam generators
(OSGs). This file provides verification that the plant cooldown with RSGs can be accommodated within the existing Technical
Specification requirement of 180,000 gallons of condensate storage tank (CST) water, given the current calculational basis.

The calculations of this file were extended beyond a simple verification of existing Technical Specification. CST volume requirements
were defined for (3) a more limiting AFW temperature of 120 F - the onginal calculations were performed with an AFW temperature of
100 F and (2) for varied final "re-filled" steam generator secondary states at RHR cut-in - current calculational bases do not account
for re-fill. Since the calculations were performed with the more limiting RSGs, they are applicable to the OSGs as well and allow TVA
the flexibility of improving plant margins commensurate with a Technical Specification change with regards to the CST volume
requirement.

CST volume reguirements were generated with a special formulation of the First Law of Thermodynamics. Calculations consider the
removal of decay heat, the cooling of primary and secondary metals and contained fluids, and accounts for the normal makeup
required to balance the shrinkage of the primary system fluid owing to the cooldown. The following CST requirements were
generated in this file:

CST Requirement, Cooldown fram Full Power to RHR Cut-ln, Gallons
100 FAFW 120 F AFW

lniual SG Mass at RHR Cut-In 188,700 193,000
SG Tubes Covered by Liquid at RHR Cut-In 195,200 199,600
0% NRL at RHR Cut-in 207,400 212,000
35% NRL at RHR Cutin 223,000 228,000
THE FOLLOWING COMPUTER CODES HAVE BEEN USED IN THIS DOCUMENT: THE DOCUMENT CONTAINS ASSUMPTIONS
.2 THAT MUST BE VERIFIED PRIOR TO USE ON
\ SAFETY-RELATED WORK
CODEVERSIONIRE.V CODENERSION/REV

RELAP5/Mod2-BW v. 24.0HP

] YES <] NO
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1.1 Introduction =

This calculation seeks to establish a basis for the Sequoyé.h Technical Specification condensate storage tank
(CST) inventory requirement. The work herein is performed as part of the SG replacement program.
Although the replacement steam generator is used in these calculations the difference in energy content
between the original and the replacement steam generator is minimal. The calculations in this file are
applicable to both generator designs - to both Units 1 and 2.
m hot s-}&'\“\'j conedthows o0 .
Inputs to the priginal calculations related to the existing CST inventory requirement were examined and the
cooldown asshciated with the original calculation was adapted for this work. The reactor is tripped and the’
plant is cooled {EForshurEowRconaHtic ceoeiam 2 2-hour time frame. In the following 6 hours, the plant
is cooled from hot § Zresidual heat removal (RHR) cut-in conditions) .

stardby do hot shutdaan e,
Plant parameters are initially based on 2 RELAPS steady-state run conducted in Referencel. The energy
content associated with the heat structures and fluid content contained in the reactor coolant system (RCS)
pressure boundary and the SG secondary from the main feedwater piping (at the point of auxiliary
feedwater (AFW) entry) to the stecam lines (at the turbine) are considered. Core heat production associated
with decay heat is simulated with the 1994 ANS standard with B&W heavy actinide contribution.

Thermodynamic "first law" formulation was ultimately applied to determine the needed volume of AFW
needed to cool the plant to each operational statepaint. Parametric studies are included in these
calculations, allowing TVA to make decisions regarding AFW temperature and final, RHR cut-in, SG
secondary inventory. -

1.2 Important Inputs

» Full power core energy content is accounted for in these calculations. Only decay heat is modeled,
however, and the initial core heat generated during the reactor trip is ignored in these calculations. The
Coastdown and isolation of the main feedwater system - also not modeled - is sufficiently delayed 10
provide the inventory needed to accommodate the rapidly decaying core power.

« Al steel heat structures, stainless and carbon-, are combined for simplification. Material properties are
compared and those properties resulting in the maximum heat content difference between operational
modes (maximized AFW requirement) are applied.

+  The original calculations performed as the basis for the existing CST volume Technical Specification
requirement do not account for the operation of reactor coolant pumps. The plant is, therefore, cooled
by natural circulation. Asa result, there is a measurable difference between the hot and cold leg fluid
temperatire for shut-down conditions. This difference is accounted for in the calculation of plant
structure and fluid energy content via a conservative approximation of this hot - to - cold leg
temperature difference.
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8.1 Results and Conclusions

The condensate storage tank inventory requirement was examined in this calculation. The original basi
regarding cooldown is adapted -- the plant is tripped from full power and cooled@ghot
conditions over a 2-hour period followed by 2 cool-down to RHR cut-in conditions in{
hours. Parametric studies regarding the auxiliary feedwater temperature and SG seconfda

conditions - at RHR cut-in - were performed. Results of the study are detailed in Tablg 13.

Table 15
Condensate Storage Tank Inventory Requirement

Cooldown from full-power to hot shutdown
conditions:
100 F AFW temperature 68,400 gal -
120 F AFW temperature 70,000 gal -
Cooldown from full-power to RHR cut-in conditions:

No change in SG secondary inventory

100 F AFW temperature 188,700 gal -
120 F AFW temperature 193,000 gal -~
SG tubes covered by secondary inventory at RHR |
cut-in
100 F AFW temperature 195,200 gal -~
120 F AFW temperature 199,600 gal —
0% Narrow Range Level at RHR cut-in

100 F AFW temperature 207,400 gal -
120 F AFW temperature 212,000 gal -
39% Narrow Range Level at RHR cut-in

100 F AFW temperature 223,000 gal ~
120 F AFW temperature 228,000 gal <~
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PURPOSE AND SUMMARY OF RESULTS:

TVA will replace steam generators at SQN, Unit 1. Scoping caleulations reveal that slightly more auxiliary feedwater (AFW) is
required to cool the replacements (RSGs) from normal operation to RHR cut-in than it would to caol the original steam generators
(OSGs). This file provides verification that the plant cooldown with RSGs can be accommodated within the existing Technical
Specification requirement of 190,000 gallons of condensate storage tank (CST) water, given the current calculational basis.

he calculations of this file were extended beyond a simple verification of existing Technical Specification. CST volume requirements
were defined for (1) a more limiting AFW temperature of 120 F - the original calculations were performed with an AFW temperature of
100 F and (2) for varied final "re-filled" steam generator secondary states at RHR cut-in - current calculational bases do not account
for re-fill._Since the calculations were performed with the more limiting RSGs, they are applicable to the OSGs as well and allow TVA

the flexibility of Improving plant margins commensurate with a Technical Specification change with regards to the CST volume
requirement.

CST volume requirements were generated with a special formulation of the First Law of Thermodynamics. Calculations consider the
removal of decay heat, the cooling of primary and secondary metals and contained fiuids, and accounts for the normal makeup

required to balance the shrinkage of the primary system fiuid owing to the cooldown. The following CST requirements were
generated in this file:

CST Requirement, Cooldown from Full Power to RHR Cut4n, Gallons
100 F AFW 120 F AFW

Imtial SG Mass at RHR Cut-in 188,700 193,000
SG Tubes Covered by Liquid at RHR Cut-In 195,200 199,600
0% NRL at RHR Cutin 207,400 212,000
39% NRL at RHR Cutin 223,000 228,000
THE FOLLOWING COMPUTER CODES HAVE BEEN USED IN THIS DOCUMENT: THE DOCUMENT CONTAINS ASSUMPTIONS
THAT MUST BE VERIFIED PRIOR TO USE ON
SAFETY-RELATED WORK
CODE/VERSION/REV CODE/NERSION/REV

RELAP5/Mod2-BW v. 24.0HP

] YES X} No
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b
1.1_Introduction

This calculation seeks to establish a basis for the Sequoyah Technical Specification condensate storage tank
(CST) inventory requirement. The work herein is performed as part of the SG replacement program.
Although the replacement steam generator is used in these calculations the difference in energy content
between the original and the replacement steam generator is minimal. The calculations in this file are
applicable to both generator designs - to both Units 1 and 2.

Inputs to the original calculations related to the existing CST inventory requirement were examined and the
cooldown associated with the original calculation was adapted for this work. The reactor is tripped and the
plant is cooled to hot shutdown conditions within a 2-hour time frame. In the following 6 hours, the plant
is cooled from hot shutdown to residual heat removal (RHR) cut-in conditions.

Plant parameters are initially based on a RELAPS steady-state run conducted in Referencel. The energy
content associated with the heat structures and fluid content contained in the reactor coolant system (RCS)
pressure boundary and the SG secondary from the main feedwater piping (at the point of auxiliary
feedwater (AFW) entry) to the steam lines (at the turbine) are considered Core heat production associated
with decay heat is simulated with the 1994 ANS standard with B&W heavy actinide contribution.

Thermodynamic "first law" formulation was ultimately applied to determine the needed volume of AFW
needed to cool the plant to each operational statepoint. Parametric studies are included in these
calculations, allowing TVA to make decisions regarding AFW temperature and final, RHR cut-in, SG
secondary inventory.

1.2_Important Inpuis

*  Full power core energy content is accounted for in these calculations. Only decay heat is modeled,
however, and the initial core heat gencrated during the reactor trip is ignored in these calculations The
coastdown and isolation of the main feedwater system - also not modeled - is sufficiently delayed to
provide the inventory needed to accommodate the rapidly decaying core power.

= Allsteel heat structures, stainless and carbon-, are combined for simplification. Material properties are
compared and those properties resulting in the maximum heat content difference between operational
modes (maximized AFW requirement) are applied.

» The original calculations performed as the basis for the existing CST volume Technical Specification
requirement do not account for the operation of reactor coolant pumps. The plant is, therefore, cooled
by natural circulation. As aresult, there is a measurable difference between the hot and cold leg fluid

- temperature for shut-down conditions. This difference is accounted for in the calculation of plant
structure and fluid encrgy content via a conservative approximation of this hot - to - cold leg
temperature difference,

&2& & 7o
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2.1 Primary and Secondary Heat Structures

The primary and secondary heat structure inputs are compiled from an examination of the Reference 1
RELAPS input deck for run sgslbocnul/XVDG, dated 10/17/00, This deck is the null transient deck used
in the preparation of the steam line break outside containment RELAPS model in Reference 1 and includes
the W/CE replacement steam generator. The deck is retricved and exercised over a period of 0.5 seconds to

give a good copy of the input summary for the compilation of heat structure data. This "short” run is
identified as sqss/XWEL, dated 2/7/02.

Table 1 lists all of the heat structures associated with the reactor coolant system, core, and steam generator
secondary model components. Geometric data is included in Table 1: structure geometries, the inside
dimensions, outside dimensions, and surface area factors. Structure volume is not available in the short run
output but is calculated in Table 1 as follows:

Slab:
Vo =(R, =Rj)e Age

Cylinder:
Veytinder =“(Ra2 - R;Z)’ Ag

Sphere:

Vphere =§“(R03 -R;’ )‘ Agr

where,
V= structure volume
Ry,=  outside dimension

R;= inside dimension
Asp=  surface area factor

Structure volumes are summed for cach major model structure component in Table 1.




Table 1
RELAPS Model Heat Structure Geometry Compilation

structure ‘e left right surface structure
humber description | geometry dimension, ft|dimension, ft| area entry volume, ft
RCS 1001001|3x hotlegnoz |cyl 1.2098 1.473 1.0017E+01| 2222
1051001|3x hot leg cyl 1.2098 1.4136 1,56285E+01 25.67
1051002|3x hot leg cyl 1.2098 1.4136 2.34S0E+01 39.45
1051003 |3x hot leg cyl 1.2098 1.4136 1.8107E+01 32.09
1201001|3x rsg in sph 5.2342 6.7925 7.5000E-01 160.08
1202001{3x rsg div plate |rec 0 0.16667 1.2910E+02 21.52
1211001|3xrsgints rec 0 210413  [1.1312E+02| 238.02
1251001)3x rsg tubes _ [cy! 0.02767 0.03125 [6.1017E+04 40.43
1251002(3x rsg lubes eyl 0.02767 0.03125 |6.1017E+04 40.43
1251003|3x rsg tubes '_ eyl _ 0.02767 0.03125 |6 1017E+04 40.43
1251004 |3x rsg tubes  [cyl 0.02767 0.03125 | 6.1017E+04| 4043
1251005|3x rsg tubes eyl 0.02767 0.03125 |6,1017E+04 40.43
12510086|3x rsg tubes  |cyl 0.02767 0.03125 |6.1017E+04 40.43
1251007|3x rsg tubes eyl 0.02767 0.03125 | 3.4673E+04 22,98
1251008|3x rsg tubes  |cyl 0.02767 0.03125 3.4673E+04 22.98
1251009(3x rsg tubes eyl 0.02767 0.03125 |34673E+04| 22.98
1251010(3x rsg tubes cyl 0.02767 0.03125 3.4673E+04 22,98
1251011|3x rsg tubes eyl 0.02767 0.03125 |6.1017E+04 40.43
1251012(3x rsg tubes  |cyl 002767 0.03125 16.1017E+04 40.43
1251013{3x rsg tubes  |cy! 0.02767 0.03125 |6.1017E+04 40.43
1251014|3x rsg tubes cyl 0.02767 0.03125 6.1017E+04 40.43
1251015|3x rsg tubes cyl 0.02767 0.03125 6.1017E+04 40.43
1251016|3x rsg tubes cyl 0.02767 0.03125 6.1017E+04 40.43
1291001|3x rsg outts |rec 0 2.10413 1.1312E+02| 23802
1301001)3x rsg out sph 52342 | ~-5.7925 | 7.5000E-01| 160.08
1351001|3x cold leg ps_|cy) ’ 1.2827 1.5094 1.4631E+01 27.91
1351002[3x cold leg ps_fcyi 1.2927 1.5094 [1.3584E+01| 2591
1351003)3x cold leg Pps_ eyl 1.2927 1.5094 2.1207E+01 40.45
1351004/3x cold leg ps oyl 1.2927 1.5094 1.0560E+01 20.14
1351005|3x cold leg ps | cyl 1.2027 1.5094 2.1207E+01 40.45
1601001|3x pump metal eyl 4,3315 4 8405 7.2034E+02] 10564.98
1651001|3x coid leg eyl 1.1475 1.34125 |[1.1688E+01| 17.71
1651002 |3x cold | leg eyl 1.1475 1.34125 | 4.5597E+01 69.07
17010013xcohlegnoz eyl 1.1475 1.476 1.4475E+01 39.19
2001001 {1x hot leg cyl _ 1.2098 1,473 3.3390E+00 7.41
2051001|1x hot leg N cyl 1.2098 1.4136 5.0950E+00 8.56
2051002|1x hotleg ~ [cy! 1,2098 14136 | 7.8300E+00| 13.15
2051003|1x hot leg cyl 1.2098 14136 |6 3690E+00]  10.70
2201001}1x rsg in sph 5.2342 5.7925 2.5000E-01 5336
2202001|1x rsg div plate |rec 0 0.16667 | 4.3034E+D1 7.17
2211001|1x rsgin ts _Jrec _0 2.10413 | 3.7705E+01 79.34
2251001 1x 591  tubes oyl 0.02767 0.03125 |2.0339E+04 13.48
22510021 rsg tubes cyl 0.02767 0.03125 |2,0339E+04| 13.48
2251003|1x rsgtubes _ [cyl” ~_ | 0.02767 0.03125 [2.0339E+04| 13.48
22510041 rsq tubes icyl 0.02767 0.03125 | 2.0339E+04 13.48
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Table 1
RELAP5 Model Heat Structure Geometry Cémpilaﬁon

|

structure description | geometry left right surface structure
number dimension, ft/dimension, f| area entry | volume, ft*
2251005|1x rsg tubes eyl ™~ 0.02767 0.03125 |2.0339E+04| 13.48
2257006|1x rsg tubes |yl _ 0.02767 0.03125 |[2.0339E+04| 13.48
2251007|1x rsg tubes  |cyl 0.02767 0.03125 |[1.1558E+04| 7.66
2251008|1x rsgtubes _ [cyl _ 0.02767 0.03125 [1.1558E+04| 7.66
2251009|1x rsg tubes  |cyl 0.02767 0.03125 | 1.1558E+04| 7.66
2251010[1x rsg tubes  |cyl 0.02767 0.03125 [1.1558E+04| 7.66
2251011|1x rsg tubes  |cyl 0.02767 0.03125 |2.0339E+04 13.48
2251012[1xrsgtubes  [eyl” |~ 0.02767 0.03125 [2.0339E+04| 13.48
2251013[1xrsgtubes_[cyl " [ T 0.02767 0.03125 [20339E+04| 13.48
2251014[1x rsg tubes |yl 0.02767 0.03125 |2.0339E+04] 13.48
2251015|1x rsg tubes __|cyl 0.02767 0.03125 |2.0339E+04| 13.48
2251016]1x rsg tubes _loyl 0.02767 0.03125 [2.0339E+D4] 1348
2291001}1xrsgoutts  |rec 0 2.10413 | 3.7705E+01 79.34
2301001} 1x rsg out sph 5.2342 57925 | 2.5000E-01| 53.35
2351001]1x cold legps_[eyl _ 1.2027 16094 [4.8770E+00| 9.30
2351002|1x cold legps_[cyl 1.2927 15094 |4.5280E+00| 8.64
2351003[1x cold leg ps_|cyl 1,2927 15094 | 7.0690E+00| 13.48
2351004|1x cold leg ps_|cyl 1.2927 15094 | 3.5200E+00| 6.71
2351005|1x cold leg ps |cyl 1.2027 15094 [7.0690E+00| 1348
2601001 |1x pump metal |cyl 4.3315 48405 |2.4011E+02| 3521.66
2651001]1x cold leg oyl 1.1475 1.34125 |3.8960E+D0| 5.0
2651002 1x cold leg eyl 1.1475 1.34125 [1.5190E+01| 23.02
2701001 |1x cold leg noz jeyi 1.1475 1.476 | 4.8250E+00| 13.06
3001001 |3x dc shell cyl 7.2083 8.0838 | 52500E+00| 220.82
3001002|3x dcshell eyl 7.2083 8.0838 |2.9380E+00| 123.57
3001003[3x dcshell eyl 7.2083 8.0838 | 4.9630E+00| 208.75
3001004)3xde shell eyl ~ 7.2083 8.0838 | 4.9630E+00| 208.75
3021001[3x thermsh_[cyl 6.604 6.837 [2.4375E+00| 23.98
30210023x thermsh " [cyl 6.604 6.837  [2.5425E+00| 25.01
3021003[3x thermsh  [cyl 6.604 6.837  [3.1350E+00| 30.84
3021004|3x thermsh oyl 6.604 6.837 _ [3.3975E+00| 3343
3081001(3x rvshell eyl 7.2083 7.9064 |5.6070E+00| 185.86
3101001 |rv bottom [sph 7.346 8.01235 | 1.9810E-01| 97.88
3121001[3x bh internals [rec 0 0.04167 |9.6940E+02| 40.39
3121002|3x bh internals |rec. 0 0.04167 | 1.2081E+03| 5034
31210033x bh internals |rec 0 0.04167 |1.4699E+03| 61.25
31310011 bh internals |rec 0 0.04167 [4.0270E+02] 16.78
3131002)1x bh mlerrlals re_c—" 0 0.04167 | 4.9000E+02 20.42
34010013x baf p! rec 0 0.09375 [1.6012E+02] 15.01
3401002[3x baf pl rec 0 0.03375 |1.6012E+02| 15.01
3401003[3x bafpl ~  Jrec 0 0.09375 [1.6012E+02] 15.01
3411001[1xbafpl ~ _|rec 0 0.09375 |5.3370E+01| 5.00
3411002[1x baf pi rec 0 0.09375 [ 5.3370E+01 5.00
3411003|1x baf pl rec 0 0.09375 | 6.3370E+01 500
3481001(3x nshield |yl 6.1667 6.3542  [1.5000E+00| 11.06
3481002[3x n'shield eyl 6.1667 6.3542  [1.5000E+00| 11.06
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Table 1
RELAPS Model Heat Structure Geometry Compilation
structure description | geometry left right surface structure

number dimension, ft/dimensjon, ft| area entry volume, ft*
3481003{3x n shield ¢yl 6.1667 6.3542 | 1.5000E+00| 11.06
3481004}3x n shield ~|cyl 6 1667 6.3542 | 1.5000E+00|  11.06
3481005[3xnshield  [cyl 6.1667 6.3542 | 1.5000E+00| 11.06
3481006(3x nshield ~ feyl ~ 6.1667 6.3542 | 1.5000E+00] 11.06
3491001|1x nshield |yl 6.1667 6.3542 | 5.0000E-01 3.69
3491002[1x n shield |yl 6.1667 6.3542 | 5.0000E-01| 369
3491003[1x nshield eyl 6.1667 6.3542 | 5.0000E-01| 369
3491004[1x n shield” ~_|cyl 6.1667 6.3542 | 5.0000E-01| 369
3491005|1x n shield” "~ [cyl | _6.aee7 6.3542 | 5.0000E-01 3.69
3491006 1x n shleld cyl 6.1667 6.3542 5.0000E-01 3.69
35310011x up internals |rec_ 0 0.04167 [4.9400E+02| 20.58
3551001 [core barrel__ |cyl _ 6.1667 6.3542 |3.1220E+00] 23.03
3551002 |core barrel” cyl 6.1667 6.3542 3.8630E+400 28.49
3551003 [core barrel eyl 6.1667 6.3542 [3.0620E+00( 22.58
3551004 [core barrel eyl 6.1667 6.3542 | 3.4430E+00| 25.39
3551005|core barrel eyl 6.1667 6.3542 | 1.0410E+00| 7.68
3551006|core tarrel eyl | 6.1667 6.3542 |1.2880E+00| 9.50
3551007 [core barrel " [cyl” 6.1667 6.3542 | 1.0210E+00| 7.53
3551008(core barrel __fcyl” 6.1667 6.3542 |1.1480E+00] 847
3601001]|3x uE :nterr_lals rec_ 0 0.04167 | 1.4820E+03 61.75
3601002 |3x up mternals' _{rec 0 0.04167 | 1.0650E+03 44.38
3601003[3x up internals jrec 0 0.04167 [1.4800E+03| 61.67
36010043 up internals |rec 0 0.04167 |7.7200E+02| _ 32.17
3601005{3x up internals {rec 0 004167 |[1.8210E+03 75.88
3601006{3x up :nternals rec 0 -0.04167 | 1.0160E+03 42,34
3641001]|rv head |sph 6.9583 7.8918  [2.5000E-01| 161.90
3641002|rv head sph 6.9583 7.891 2.5000E-01| 161.90
3661001[1x dc shell eyl 7.2083 8.0838  [1.7500E+00| 7a.61
3661002[1x dc shell_ Jeyi® 7.2083 8.0838 [ 9.7900E-01| 41.18
3661003[1x dcshell eyl 7.2083 8.0838 | 1.6540E+00| 69.57
36561004[1x dc shell eyl 7.2083 8.0838 | 1.6540E+00| 69,57
3681001 [ixthermsh oyl " T 65604 6.837 | 8.1250E-01|  7.99
3681002[1x thermsh eyl 6.604 6.837_ | 8.4750E-01 8.34
3681003[1x thermsh  Teyl 6.604 6.837, [1.0450E+00| 10.28
3681004} 1x thermsh ~ eyl 6.604 6.837]  [1.1325E+00] 11.14
3741001 [1x rv sheil . eyl 7.2083 7.9064 |1.8690E+00|  61.95
4001001 {surge line cyl 0.4662 0.5833 5 9120E+01 22.83
4101001 |pzr eyt 35 3.8073 |6.5318E+00| 46.08
4101002 |pzr eyl 3.5 3.8073 [6.5318E+00| 4608
4101008]pzr " leyi 35 3.8073 [6.5318E+00| 4608
4101004[pzr " eyl 35 38073 [6531BE+00| 46.08
4101005|pzr e T 35 3.8073  [6.5318E+00| 46.08
4101006[pzr ~ —  feyl 35 3.8073 [6.5318E+00| 46.08
4101007 |pzr eyl 35 38073 |6.5318E+00| 46.08
4101008fpzr =~ 7 Tfeyl” 35 3.8073 |6.5318E+00| 46.08

RCS Metal Volume, ft’ = 1951714

BT
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Table 14
RELAPS5 Model Heat Structure Geometry Compilation

,&Zfﬁf &Fo

structure description | geometry left right surface structure

number dimenslon, ft|dimension, ft| area entry | volume, #*
Core 3301001|3x clad’ ¢y 0.0135833 | 0.0155833 |7.6428E+04| 14.01
3301002[3xclad " eyl 0.0135833 | 0.0155833 | 7.6428E+04| 14,01
3301003|3xclad eyl 0.0135833 | 0.0155833 |7.6428E+04| 14.01
3301004 [3xclad eyl 0.0135833 | 0.0155833 |7.6428E+04| 14.01
3301005[3xclad " oyl 0.0135833 | 0.0155833 |7.6428E+04| 14.01
3301006|3x clad ~ oyl 0.0135833 | 0.0155833 |7.6428E+04| 14.01
3301001|3x fuel eyt 0 0.0133125 |7.6428E+04| 42.55
3301002|3x fuel eyl © 0 0.0133125 |7.6428E+04| 4255
3301003 (3x fue! eyl T[T T 0 0.0133125 |7.6428E+04| 42.55
3301004|3x fuel =~ eyl 0 0.0133125 |7.6428E+04| 4255
3301005|3xfuel oyl 0 0.0133125 |7.6428E+04| 4255
3301006 |3x fuel Jeyt~ ~ 0 0.0133125 [7.6428E+04| 4255
3311001|1x clad eyl 0.0135833 | 0.0155833 |2.5476E+04| 4.67
3311002[1xclad eyl 00135833 | 0.0155833 | 2.5476E+04| 467
3311003[1xclad eyl 0.0135833 | 0.0155833 |2.5476E+D4| 467
33110041xclad ~ eyl 0.0135833 | 0.0155833 |2.6476E+04| 4.67
3311005|ixclad _~ oyl 00135833 | 0.0155833 |2.5476E+04| 4.67
3311006[1xclad __  [cyl 0.0135833 | 0.0155833 |2.5476E+04| _ 4.67
3311001 [1xfuel eyl 0 0.0133125 |2.5476E+04| 14.18
3311002[1x fuel ~~ [cyi 0 0.0133125 [2.5476E+04| 14.18
3311003[1x fuel eyt 0 0.0133125 |2.5476E+04| 14.18
3311004[1xfuel ~ " eyl 0 0.0133125 [2.5476E+04| 14.18
33110051 fuel oyl 0 0.0133125 |2.5476E+04| 14.18
3311006|1x fuel | cyl 0 0.0133125 | 2.5476E+04| 14.18
] clad volume, ft> = 112.0
fuel volume, ft’ = 340.4

32-5014532-00 9
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Table 1
RELAPS Model Heat Structure Geometry Compilation
structure - left right surface | structure
number description | geometry dimension, ft|dimension, ft| area entry volume, ft°
1xSG Sec | 6001001[1xfeedring _[cyl 0.40625 04478  [44110E+01| 4.93
6201001{1xlo shell ~~ [cy! 5.3908 56258 | 1.1500E+01| ©93.53
6201002]1x o shell cyl 5.3908 5.6258 | 8.1633E+00] 66.39
6201003/1x Io shell oyl 5.3908 5.6258 |B.1633E+00| 66.39
6201004[1xlo shell  Joyl ~ 5.3908 5.6258  [8.1633E+00|  66.39
6202001[1x 1o shell cyl 7.0208 7.330B | 9.9000E-01] 13.84
6301001 [1xshroud ~ [oyl” ~~ 5 50833 |4.0817E+00| 10.77
6301002{1xshroud ~ _Joyl |~ |~ & 50833 [4.0817E+00| _ 10.77
6301003 |1x shroud. cyl 5 5.083 4.0817E+00 10.77
6301004[1x shroud ~ ey~ 5 5.0833 [4.0817E+00| 10.77
6301005[1x shroud eyl 5 5.0833  [4.0817E+00] 10.77
63010061 shroud oyl 5 5.0833 [4.0817E+00] 10.77
6301007|1x shroud ~ oyl 5 5.0833 | 7.7000E+00| _ 20.32
6301008|1x shroud eyl 5 5.0833  |3.3500E+00| 8.84
6302001]1x tube supp_ [rec 0 0.04167 |5.3900E+01| 225
6302002[1x tube supp  |rec 0 0.04167 |[5.3500E+D1| 225
63020031 tube supp_[rec_ 0 0.04167 |5.3900E+01|  2.25
6302004|1x tube supp rec 0 0.04167 | 5.3900E+01 225
6302005[1x tube supp _[rec 0 0.04167 |5.3900E+01| 225
6302006|ix tube supp |rec 0 0.04167 |5.3900E+01| 2.25
6303001[1x u support  [rec 0 0.2 | [1.0057E+02] 20.11
6361001|1x up shell eyl 7.0208 7.3308 |2.1BOOE+00| 3047
6361002|1x up shell___ [cyl 7.0208 7.3308 | 7.6800E+00| 107.34
6361003[1x up shell _ [cyl 7.0208 7.3308 |5.3700E+00| 75.06
B361004[1xup shell eyl ~ 7.0208 7.3308 | 3.0000E+00| 41.93
6451001|1xsep __ [oyl 0.4B875 0.50875 [3.9600E+01| 248
6451002[1xsep _  [oyl _ 0.48875 0.50875 [B8.7200E+01| 547
6451003|1x sep cyl 0.48875 050875 |3.0720E+02| 19.25
6601001|1xsecsep  |rec 0 0.08333 | 3.2034E+02| 26.69
6701001|1x stdome  [sph 12.255 12.565 | 1.4360E-01| 86.16
1x SG Metal Volume, ft' = 833.7

S — o

32-5014582-90 10




Rl o g

Table 1

RELAPS Model Heat Structure Geometry Compilation
structure description | geometry left right surface | structure
number dimension, ft|dimension, ft| area entry volume, ft*
3xSG Sec | 7001001|3xfeedring [cyl ~ | 0.40625 04478 |1.3233E+02|  14.79
7201001[3x loshell [yl 5.3908 5.6258 | 3.4500E+01| 280.60
7201002|3x loshell ~ [cyl 5.3908 5.6258 [2.4490E+01] 169.18
7201003[3x loshell eyl 5.3908 5.625 2.44%0E+01] 199.18
7201004[3x o sheli cyl 5.3908 56258 [2.4490E+01| 199.18
7202001]3x lo shell oyl 7.0208 7.330B  [2.9700E+00] 41.51
7301001[3x shroud cyl 5 5.0833 [1.2250E+01| 32,32
7301002[3x shroud —_ eyl 5 5.0833  [1.2250E+01| 32.32
7301003 |3x shroud’ oyl 5 5.0833 [1.2250E+01| 3232
7301004[3x shroud ™[yl 5 50833 |1.2250E+01] 3232
7301005)3x shroud oyl 5 5.0833 1.2250E+01 32.32
7301006|3x shroud cyl 5 5.0833  [1.2250E+01| 32.32
7301007 [3x shroud - cyl 5 5.0833 2.3100E+01 £0.96
73010083x shroud’ cyl 5 5.0833 [1.0050E+01| 2652
7302001{3x tube supp {rec 0 0.04167 1.6170E+02 6.74
7302002|3x tube supp _ jrec 0 0.04167 |1.6170E+02| 6.74
73020033x tube supp |rec 0 0.04167 [1.6170E+02| 6.74
7302004|3x tube supp _[rec 0 0.04167 [1.6170E+02| 6.74
7302005[3x tube supp _[rec 0 0.04167 |1.6170E+02|  6.74
7302006|3x tube supp  [rec 0 0.04167 1.6170E+02 6.74
7303001|3x u support  {rec 0 0.2 3.0170E+02| 60.34
7361001[3x up sheil |cyi 7.0208 7.3308  [6.5400E+00|  91.41
7361002[3x up shell eyl 7.0208 7.3308  [2.3040E+01| 322.03
7361003[3x up shell_ [cyl 7.0208 7.3308  [1.6110E+01] 22517
7361004|3x up shell eyl 7.0208 7.3308  |9.0000E+00| 125.79
7451001|3xsep eyl 0.48875 0.50875 | 1.1880E+02|  7.45
7451002|3x sep cyl 0.48875 0.50875 [2.6160E+02] 16.40
7451003 [3x sep_ oyl 0.48875 0.50875 [9.2160E+02| 57.76
7601001[3xsecsep  |rec 0 0.08333  [9.6102E+02| 80.08
7701001(3x stdome __[sph 12.255 12.565 | 4.3000E-01| 257.99
3x SG Metal Volume, ft° = 2500.7

32

5014532-00
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SQN CONDENSATE VOLUME REQUIREMENT VERIFICATION

2.2 Steam Line Piping

32-5014532-00

There are no steam line piping heat structures in the RELAPS madel. However, the steam line is modeled
with hydraulic control volumes and give good information regarding fine Iengths, flow area, etc. Table2
includes control volume data (flow area and CV length) from the RELAPS shdrt run sqss/’XWEL, dated

2/7/02,

Table 2 also includes information taken from Section 3.12 of Reference 1, the

steam line model

development documentation. Piping outside diameter (OD) and the number of parallel piping runs in each

control volume from this section are included in Table 2. The steam line pipe
contro] volume is calculated as:

D 2
Vp,p,,,g =(1TDT°"‘Ach.L

where,

V= structure volume

n= number of parallel piping runs in CV
Do=  outside piping diameter
L= CV length

Structure volumes are summed for the steam lines in Table 2.

/égl :@/ &fFH/ o

tructural volume for a given
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Table 2 |
Steam Line Piping Structural Volume Compilation

. flow area, number pipe
node designation 2 length | od, Inch ;Larallel volume,
675010000 |stlne1 | 4.8512 | 14.2321 32 1 10.44
675020000 |[stine 2 48512 8 32 1 5.87
675030000 |[stline 3 48512 | 44137 32 1 32.39
675040000 |stline 4 48512 | 35555 32 1 26.09
676010000 |stline 5 4.8512 | 25189 32 1 18.49
677010000 [stline6 _ 48512 | 44.401 32 1 32.58
680010000 |stline 7 48512 | 19.031 32 1 13.97
680020000 |stline 8 | 6.1509 | 46.343 36 1 4253
680030000 fstine9 | 761509 | 46.343 36 1 4253
680040000 |stline 10 6.1509 | 46.343 36 1 42.53
680050000 _|stline 11 6.1509 | 46.343 36 1 4253
680060000 |[stline 12 6.1509 | 46.343 36 1 4253
680070000 |stiine 13 6.1508 | 46.343 36 1 4253
680080000 [stline 14 | 6.1509 | 46.343 36 1 4253
680090000 [stiine 15 | 6.1509 | 46.343 36 1 4253
680100000 |stline 16 6.1509 | 46.343 36 1 4253
680110000 |stline 17 | 61509 | 46.343 36 1 42.53
681010000 [stfine 18__ 6.1509 | 39.779 36 1 36.50
683010000 st fine 19 _ 24.6036 | 16.569 36 4 60.82
683020000 |[stline 20 24.6036 | 14.647 36 4 5377
683030000 |stline21 __ | 24.6036 | 15.569 36 4 57.15
683040000 |st line 22 14884 13 28 4 28.86
692010000 st line 23 6.1509 | 53.894 36 1 49.46
692020000 |stiine 24 6.1509 | 69.66 36 1 63.93
692030000 |stline 25 6.1509 | 69.66 36 1 63.93
775010000 |stline 26 14.5536 | 14.2321 32 3 31.33
775020000 |stfine 27 14.5536 8 32 3 17.61
775030000 |[stline 28 14.5536 | 44.137 32 3 97.47
775040000 |stine29 | 145536 | 31.758 32 3 69.92
776010000 [stfine 30 | 14.5536 | 15.073 32 3 33.18
777010000 [stline31 | 14.5536 | 44.401 32 3 97.75
780010000 |[stline 32 14.5536 | 25296 32 3 55.69
780020000 |stliine 33 18.4527 | 55.005 36 3 151.43
780030000 |st ine 34 18,4527 | 46.343 36 3 127.58
780040000 |stline 35 18,4527 | 46.343 36 3 127.58
780050000 [stline36 | 18.4527 | 45.343 a6 3 127.58
780060000 |stline 37 18.4527 | 46.343 36 3 127.58
780070000 |stline 38 _ | 18.4527 | 46.343 36 3 127.58
780080000 |stline 39’ 18.4527 | 46343 36 3 127.58

steam line metal volume, ft’= | 2299.42
32-50 -
/Q%Z;’g/‘é/}/px 14532-00




SQN CONDENSATE VOLUME REQUIREMENT VERIFICATION

2.3 Main Feedwater Line Piping

32-5014532-00

Only the volume of main feedwater piping from the entry-point of the auxiliary feedwater line is
considered in calculations leading to the condensate storage tank water volume requirement. Table 3
shows the estimation process, Fluid volumes are taken from Reference 2, Figure 1 for each steam
generator, attached as Appendix A for ease of reference. Reference 3 indicates that the feedwater piping is
16-inch pipe. Reference 4, Section 3.7.2.1 indicates that the pipe is Schedule 80. For Schedule 80 pipe:

D,= 14312 inches
Ar= flow area= 1.1172 fi*
A, = pipe x-section area = 0.27907 ft?

Using these parameters and the volume information from Reference 2, Table 3
main fecdwater piping length and piping volume from the auxiliary feedwater ¢

L=V,
Ag

Vo=A, oL

where V, = pipe structure volume

shows the calculation of
entry to the steam generator;

The total structure volume of the main feedwater piping from the auxiliary feedwater entry is shown in

Table 3.

P2 — Cf2/0 2
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Table 3
Main Feedwater Piping Structural Compilation

Fluld Volumes, ft*

B L — o

MFW piping from AFW entry

sg 1 83.55

sg 2 31.56 !

sg 3 33.67 !

sg4 9861 ;

Total: 257.39 ;

Lengths, ft :

sg1 83.74 :

sg2 28.25 :

sg3 _ 30.14

sgd 88.27 i
]

Pipe Volumes, it’

sg 1 23.37

592 7.88

sg3 841

594 24.63

Total, 64.30

3?-5014532-00
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SQN CONDENSATE VOLUME REQUIREMENT VERIFICATION

2.4 Material Properties

Material properties, specifically volumetric heat capacities for the materials comprising the RELAPS model .

32-5014532-00

heat structures are compiled in Table 4. The heat capacities are taken from the RELAPS short run
5qss/XWEL, dated 2/7/02 and are shown as a function of material temperature for stainless steel (ss), SA
533 steel, SA 508 steel, fuel - Uranjum dioxide, clad - Zircaloy IV, and Inconel 690 (inc).

Volumetric heat capacity is plotted for steel below from the data of Table 4.

simplify the heat balance

process, all steel structures are combined, lumping stainless steel cladding and structural steel. A

conservative applicafion of the material properties is proposed by picking the
capacity for initial, full power conditions.

aximum volumetric heat

Volume Heat Capacity

75

o

BTU/cuft-F

0 100 200 300 400 §00 600 700 80O 900
Temperature, F
Minimum heat capacities are conservatively applied to the heat structures for calculation of the mode 2

encrgy content. This maximizes the AU calculation for heat structures between

initial conditions and mode

2 conditions. The only exception is associated with the pressurizer and surge line structural components.

In mode 2, it is assumed that the pressurizer remains at saturated conditions wit
the initial conditions (2250 psia) Structural heat capacities in the pressurizer a

a pressure equivalent to
d surge line at mode 2 are

maintained at the maximum of the stainless and structural steel heat capacity to maintain equivalent

structural energy both initially and in mode 2.

Minimum heat capacities are conservatively applied to the heat structures for calculation of the mode 2

cnergy content. This maximizes the AU calculation for heat structures between
3 conditions.

&’2 L~ ¢/2/02

initial conditions and mode




Table 4
RELAPS5 Model Structure Material Volumetric Heat Capacity
ss Temp, F | C, BTU/R*F sa 533 Temp, F | C, BTU/CF
70 | 56.95 100 52.93
100 67.24 200 55.71
200 59.62 300 58.33
300 61.25 400 61.18
400 63.03 500 64.21
500 |  64.42 600 67.25
600 | 64.94 700 69.91
700 65.92 800 73.56
sa508 | Temp, F | C, BTU/F inc Temp, F | C, BTUMF
100 - 53.02 200 57.3
2000 | 5621 ’ 400 60.9
300 | 5887 600 64.4
400 | 613 800 68
500" |- 763.61 1000 716
600 | 66.08 1200 75.7
700 6867 | 1400 79.3
800 7167 | 1600 82.9
- - 1800 86.4
clad Temp, F | C, BTU/fF fuel Temp, F | C, BTUI*F
32 28.346 77 338
1062 33.232 200 40.62
1140 | 35432 400 43.87
1480 35.432 600 45.82
1610 49.44 800 47.12
1530 56.444 1000 48.1
1550 58.916 | 1200 48.88
1500 | 618 1600 49.92
1610 |  66.332 2000 50.37
1620 76.22 2400 51.35
1650 80.34 280D 53.62
1680 7828 320D 58.17
1700 7446 | 3600 66.3
1780 ' 35432 4000 78.97
3000 35.432 440D 90.8
T 4800 99,12
1T 5100 101.4

,&2 — /7o

32-5014532-00
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SQN CONDENSATE VOLUME REQUIREMENT VERIFICATION

2.5 Structure Initial Internal Energy Content

Table 5 shows the calculation of the initial internal energy for each, of many, n
summarizes the total energy associated with the plant metal mass at full power,

The identification number in Table5 refers to either (1) the structure number if]
the short RELAPS run sqss’XWEL, dated 2/7/02, or (2) the adjacent fluid con

portion of the main feedwater piping considered in this calculation has no relat
RELAP5 model.

The material of the relevant structure is indicated in Table 5. Injtial “average" |
structure is taken from the RELAPS run sqss’XWEL, dated 2/7/02 major edit

32-5014532-00

nodel heat structures and
operation.

the structure is simulated in
trol volume number. The
ed component in the

temperatures of each heat
at time = 0 seconds (in the

case of the steam piping, the control volume temperature is used - feedwater temperature isusedto
initialize the main feedwater piping). Given the material and the structure temperature volumetric heat
capacity is determined, by interpolation, from Table 4, Note that, as mentioned above, if the material is

steel the initial volumetric heat capacity is the maximum value of all the steels.

The initial internal energy is then estimated for each heat structure in the follow ing manner:

Ul ~ C"V—ri

where,

o= volumetric heat capacity, BTU/ft’-F, based on structure material and temperature, Table 4
= structure volume in ft’, taken from Table 1 for model heat structures, Table 2 for steam line

piping, and Table 3 for main feedwater piping.
T = structure temperature, F.

A summary of the structure internal energies is included at the bottom of Table

5. The summary indicates

structure volume and internal energy for the RCS metal, clad and fuel, steam ge nerator secondary metal,
steam line piping, and main feedwater piping. The sum of all the internal energles of all the plant structures

considered:

> U; ~9.3030E8 BTU

merad

,&2 ,_ga/‘ &/3/0 T
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Initial Metal Internal Energy
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< Volumatric Heat Capacity, BTU/f® >
Identification I Vol Heat Internal :
Number Description Material | Initlal T,,, Ces Caasny Ceasos Crtanl Care Cine i Cuoz Cap EneBrg%, Ui,
Primary metal , I . ! ' ' I
1001001 | 3xhotlegnoz  steel 61548 _ 6509  67.66 6648 = 67.66 . 31.11 6468 4592 6766 925378
1051001, 3xhotleg . steel 61547 _ 65.09  67.66 ' 6648 6766 _ 311 6468 . 4592 . 67.66 . 1069135
" 1051002~ " axhotleg steel 61547 6509 , 67.66 , 6648 . 67.66  a1.11 6468 4502  67.66 | 1643047
1051003 .~ 3xhotleg , _ steel 81547 6509 | 67.66 | 6648  67.66 ' 31.11 | 64686 4592 | 67.66 | 1336471 |
1201001, . 3xrsgin_ steel 61551 , 6509  67.66 6648 , 67.66 . 31.11 _ 64.68 . 4592 | 67.66 V6666907
1202001" "3xrsgdvpiate  “stedl 58353 . 6480 . 6675  65.71 __ 6675 . 3095 _ 6411 . 4566 _..6675 838096
_1211001 _ “3xrsgints . steel | 61548 6509 ~ 67.66 © 6648  67.65 - 3141 T 6468 | 4592 | 67.66 _ 9912182
_ 1281001 " ""3xTsqtubes T ine T 56834 G468 | 6623 | 6532 .. 6623 ' 3088 | 6381 4549 6381 _ 1461228 |
. 1251002~ 3xTsg lubes Inc 56345 7 6464 6614 6525 . 6644 30.87 _ 63.76 4546  63.76 1452620
1251003 _ “3xrsglubes . inc . 56080 64.62 6606 .. 6519 6606 _ 3085 6372 _ 4544 _ 6372 1445004
1251004 " 3xrsgiubes . inc 55848 6460 " 6580 " 6514 6599 30.84 . 6367 . 4542 8367 1437842
_.1251005" ° SXrsgwbes . "“inc ' 5566 ' 64.58 | 6593 6500 6563 1308377 5364 4540 T 6364 . 1432262
1251006 3x rsq tubes inc 55473 6457 6587 . 6505 . 6587 . 30.83 ' 6361 . 4538 {_63.61 1 1426716
1251007 . 3xrsg tubes inc 55367 . 64.56 _ 65.84 . 6503 | 6584 . 30.82 . 6359 4537 | 6359 ' 808957
1251008  3xrsgtubes ,  inc 5526 , 64.55 65.81 65.00 6581 ;, 3082 = 63.57 4536 | 63.57 ; 807156
1251009 . 3xrsgtubes ,  Inc 55163 | 64.54 |, 6578 | 64.98 . 6578 ' 30.81 - 63.55 | 4535 | 63.55 | 805624
1251010 - 3xrsgfubes | inc | 55068 | 6454 . 65.75 | 6496 . 6575 | 3081 . 6354 | 4534 | 6354 803525
1251011 | 3x rsg tubes inc | 54307 | 6452 | 6570 | 6492 | 6570 | 30.80 | 6351 | 4532 | 6351 | 1409960
1251012 | 3xrsg tubes inc 54762 | 6451 | 6566 | 64.89 | 6566 | 30.79 | 6348 | 4531 | 63.48 | 1405675
1251013 | 3xrsg tubes inc 54629 | 64.50 | 6562 | 64.86 | 6562 | 30.79 | 6346 | 4530 | 63.46 | 1401746
1251014 | 3xrsg tubes inc 54529 | 6449 | 6559 | 6484 | 6550 | 30.76 | 6344 | 4529 | 63.44 | 1398795
1251015 | 3xrsq fubes Inc 544.3 6448 | 6556 | 64.82 | 65.56 | 30.76 | 6343 | 45.28 | 6343 | 1395874
1251016 | 3xrsg tubas inc 54312 | 6447 | 6552 | 6479 | 6552 | 30.77 | 6340 | 4527 | 6340 | 1392394
1291001 3xrsg outts steel 66123 | 6454 | 6577 | 6497 | 65.77 | 30.81 | 6355 | 4534 | 6577 | 8628900
1301001 3x rsg out steel 55124 | 6454 | 6577 | 6497 | 6547 | 30.81 | 6355 | 4534 | 6577 | 5803556
1351001 | 3xcoldlegps | _ steel 551.21 64.54 | 6577 | 6497 | 6577 | 30.81 | 6355 | 4534 | 6577 | 1011789
1351002 | 3xcoldlegps |  steel 551.21 6454 | 6577 | 6497 | 6577 | 30.81 | 6355 | 4534 | 6577 | 939385
1351003 3x cold leg ps steel 551.22 64.54 65.77 64.97 85.77 30.81 63.55 45,34 85,77 1466578
1351004 | 3xcoldlegps |  steel 55122 | 6454 | 6577 | 6497 | 6577 | 30.81 | 6355 | 4534 | 6577 | 730281
1351005 | 3xcoldlegps | steel 56121 6454 | 6577 | 6497 | 6577 | 30.81 | 6355 | 4534 | 6577 | 1466545
1601001 3x pump metat steel 551.54 64.54 65.78 64.98 65.78 30.81 63.55 45.35 65.78 | 383282060
1651001 3x cold leg steel 55165 | 6454 | 6578 | 6498 | 65.78 | 30.81 | 63.55 | 4535 | 6578 | 642498
1651002 3x cold leg steel 55167 | 6454 | 6578 | 64.98 | 6578 | 30.81 | 6355 | 4535 | 06578 | 2506614
1701001 [ 3xcoldlegnoz|  stasl 55167 | 6454 | 6578 | 64.98 | 6578 | 30.81 | 6355 | 4535 | 6578 | 1422208
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. Table §
Initial Metal Internal Energy
< Volumetric Hoat Capacity, BTUHt ->
Identification . al T l , c I Vol Heat E,',:temal',,
Number ; Description Material Initial Ty, | Css } Csat33 | Ceasos Catest Ciire nc | Cuoc2 Cap Brg'{" y
2001001 | 1ix hotleg steel 1 61544 ' 6509 6766 6648 : 67.66 @ 3111 . 6468 - 4592 : 67.66 | 308434
_ 2051001 . ixhotleg steel ~ 61544 _T65.09 6766 6648 6766 _ 3111 | 64.68 4592  67.66 356357 |
205i002° T ixhotleg " T Steel | 61544 . 6509 | 57.66 6648 6766 3111 6468 _ 4592 | 67.66 . 547649
2051003 | “ixhotleg T TStesi | 61544 6509 67.66 6645 . 67.66 . 3111 6468 4592  G7.66 445463
2201001 " Tixrsgin ~ T _steel ' 67547 "~ 6500 67.66 . 6648 | 67.66 .. 31 (76468 | 4592 . 67.66 . 2222123
2202001 " ixrsgdivplate. _steel . 5857 G461 . 6675 6571 ., 0675 3098  Ba1i 4566 _ 66.75 . 279473
T 2211001 Ixrsgints _  Steel 61545 _ 6500 _ 6766 ' 6648 . 57.66 . 311 _ 6468 4592 © 6766 _ 3304732
2251001 _ txrsgtubes | Inc | '58653 | 6467 . 6623 | 6532 ~ 8623 . 3088 T6381 _ 4543 & 6381 487285
_ 2251002 | ixrsglubes | inc_ | 58367 | 6464 _ 66.15 . 6526 | 6615 | 30.67 | 6376 . 4547 . 6376 . 484425
2351008 | dxrsgfubes [ " inc] "7 T56114° 0 6463 6607 6520 6607 _ 3086 6372 _ 4544 _ B372 _ 481916
__ 2251004 _ 1Txrsgtubes inc” 55874 "7 "64.60 66.00 _ 8534 " E6.00 | ‘3064 6368 .. 4542 6368 ~ 479538
72251005 "7 ixrsgtubes. | inc_ | 55688  © 8459 6584 T €540 6594 " 30084 T 6385 | 4540 _ 63.65 ~ 477698
2351006 T dxysgiubes. | “Tinc’ | 85502 | 64.57 | B5.88. ..B508 " 76588 3083 ' 6361 4538_:_ 6361 475859
2251007 " "1Xrsgtubes inc 553.97 .. .B4.86 €585 6504 " 6585  "3082 | 63.69 4537 . 6350 260821
2251008 " xrsgtubes _ inc 6529 " 6455 ' 6582 6501 6587 3082 _ 6358 i1 4536 6358 209220
2251009 " ixvsgtubes |~ nc. 65192 . 8455 6579 . 6499 - 659 3081 63856 4535 |, 6356 268671
2251010 | 1xrsgtubes ; inc 550098 | 6454 6576 , 6497 | 6578 . 3081 | 63.54 | 4534 | 6354 268144
2251011 1ixrsgtubes ' inc 54936 ;| 6452 6571 , 6493 : 6571 _ 3080 . 6351 | 4533 6351 . 470272
2251012 | ixrsgtubes *  inc 547.91 . 6451 ;| 6567 . 6490 ' 6567 , 3079 . 6349 4531 6349 : 468844
2251013 | 1xrsgtubes . inc 546.57 | 64.50 ' 65,53 ' 64.87 65 63 3079 |, 6346 [ 45.30 6346 [ 467524
2251014 1X rsg tubes inc 54556 : 6449 | 6560 | 6484 | 06560 | 3078 | 6345 | 4529 | 6345 | 486531
2251015 | 1xrsg tubes inc 54456 | 6449 | 6556 | 6482 | 6556 | 30.78 | 6343 | 4528 | 63.43 | 465547
2251016 | 1x rsq lubes inc 543.38 | 6448 | 6553 | 6479 | 6553 | 30.77 | 6341 | 4527 | 6341 | 464387
2291001 xrsgoutts | _steel 55161 | 0454 | 6578 | B498 | 6578 | 30.81 | 6355 | 45.35 | 6578 | 2878676
2301001 1x rsg out steel 55162 | 6454 | 6578 | 64.98 | 6578 | 3081 | 6355 | 4535 | 6578 | 1936192
2351001 | ixcoldlegps | steel 551,59 | 6454 | 65.78 | 6498 | 6578 | 30.81 | 6355 | 4535 | 6578 | 337555
2351002 | 1xcoldlegps | steel 551.59 | 6454 | 6578 | 64.98 | 6578 | 30.81 | 6355 | 45.35 | 6578 | 313399
2351003 | 1xcoldlegps | _ steel 5516 64.54 | 6578 | 6498 | 6578 | 30.81 | 6355 | 45.35 | 6578 | 469282
2351004 [ 1xcoldlegps [ steel 551.6 6454 | 6578 | 64.98 | 6578 | 30.81 | 63.55 | 45.35 | 6578 | 243638
2351005 | ixcoldlegps | steal 55159 | 6454 | 6578 | 6498 | 6578 | 30.81 | 6355 | 4535 | 6578 | 489271
2601001 _ [ 1x pump metal | _steel 551.91 | 64.55 | 6579 | 64.99 | 6579 | 30.81 | 6356 | 45.5 | 6579 | 127868257
2651001 1x cold leg steel 55202 | 6455 | 6579 | 6499 [ 6579 | 30.81 | 63.56 | 4535 | 6579 | 214348
2651002 1x cold leg steel 552.04 | €4.55 | 6579 | 6499 [ 6579 | 30.81 | 6356 | 4535 | 6579 | 836247
2701001 [ 1x coldlegnoz| _steel 95204 | 64.55 | 6579 | 6499 | 65.79 | 3081 | 6356 | 4535 | 6579 | 474468
3001001 3x dc shell steel 95174 | ©4.54 | 6578 | 6498 | 65786 | 30.61 | 63.58 | 4535 | 6578 | 8014564
3001002 3x dc shell steel 55167 | 6454 | 6578 | 64.98 [ 6578 | 3081 | 6355 | 45.35 | 6578 | 4484389
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: Table &
Initial Metal Internal Energy ;
Volumetric Heat Capacity, BTUIft’ > !
Identificat] l ' | Vol Heat lntemal. i
e;um‘;;r‘m Description : Materlal | Initial T,,, i Ceazy , Caasos Cstan) Crire | Cine ; Cuo2 Cap Enegr?r{l, Ui,
‘ b
3001003 ' 3x dc shell steel 55169, 8454 | 6578 6498 | 6578 | 3081 _ 6355 4535 | 6578 | 7575573
3001004 3xdcshel _ _ steel 5517 . G454 __ 6573 . 6488 . 6578 L3081 6355 4535 __ 6578 7575745
3021007 7" 3xthermsh . steel . 55167 6454 6578 6498 6578 3081 6355 | 4535 G578 870283
©. 8021002 Ixthermsh | sfeel _ 55169 . 6454 | 6578 . 6495 (6578 73081 " 6355 " 4535 6578 . 907813
3021003 3xthermsh . steel $517_ 8454”6578 G498 6578 3081 | 6355 4535 6578 _ 1119394
3021004” " "“Sxthermsh __ steel | 38171 . B454 6578 ' 6498 .. 6578 [ 3081 6355 4535 _ 65786 1213150
3081001 " 3xrvshel | steel . 55171 | 6454 6578 64.95 . ©578° " 308776335 | 4535 | 6578 6745520
3101001 T “rvbottom | steel | 58582 | B482 | 66.82 | 6576 . 0682 3097 = 6415 | 4568 _ 66.82 . 3831440
3121001 T 3xbhintemals” ~Steel 58582 © 64.82 © 66.82 . 8576 | 6682 T 3067 | 6415 | 4568 & 66.82 1581212
__3131602° " " 3xBhintémals | steel  © 55171 §454 6578 6458 © 6578 | 3081 | 6355 . 4535 _ 6578 . 1827024
773121003 ' 3xbhinternals . Steel |~ S517 T 6454 85787 6498 6578 3081 6355 ~ 4535  ©B5.78 . 2222896
_.. 3131001 " ixbhinternals . sieel . 55209 ., 6455 6579 | 6489 T 6579 . 3081 . 8356 4535 6579 ~ 609534 _
3131002 X bhintemnals . steel 55208 6455 " 6579 | 5499 | 6579 . 3081 . 63.56 , 4835 7 8579 ' '741657
3401001 © " T3bafpl " steel T 55169 | 64.54 G578 6498 | 6578 3081 6355 ' 4535 " 6576 544772
_3401002° " “axbafpl . steel . 55165 6456 - 6578 " BA08 " €578 3081 6355 4535 6578 544723
3401003 3xbafpl __ steel 551.62 8454 6578 6498 6578  30.81 _ 6355 4535  ©65.78 . 544685
3411001 " T™ Axpafpi steel 55207 , 6455 ' 06579 . 64.99 ' 8579 | 30.81 | 6356 4535 6579 . 181736
3411002 1xbafpl . 'sieel 55204  B4.55 | 6579 06499 ( 6579 | 3081 6356 . 4535 . 6579 | 181724
3411003 | 1xbafpl _, _ steel 552 | 6455 | 6579 1 64.99 | 6579 | 3081  63.56 . 4535 & 8579 | 161707 :
3481001 3xnshleld - steel | 6517 64.54 | 6578 i 6498 | 6578 | 30.81 , 63.55 . 4535 . 6578 | 401500
3481002 3xnshield | steel . 5517 6454 | 6578 | 64.98 | 6578 | 3081 _ 63.55 | 45.35 | 6578 | 401500
3481003 3x n shield steel 55168 | 6454 | 6578 | 6498 | 6578 | 30.81 ' 63.55 | 4535 | 6578 | 401482
3481004 3% n shield stael 59167 | 6454 | 6578 | 64.98 | 6578 | 30.81 ; 63.55 | 4535 | 65.78 | 401473
3481005 3xnshield | steel 55166 | 6454 | 6578 | 6498 | 6578 | 3081 | 6355 | 4535 | 6578 | 401464
3481006 3xnshield | steel 55166 | 64.54 | 6578 | 6498 | 6578 | 30.81 | 63.55 | 4545 | 6578 | 401464
3491001 1x n shield steel 55208 | 6455 | 6579 | 6499 | 6579 | 3081 | 63.56 | 4535 | 6579 | 133949
3491002 1x n shield steel 55208 | 6455 | 6579 [ 6499 | 6579 | 30.81 | 63.56 | 4535 | 6579 | 133949
3491003 1x n shield steel 55206 | 64.55 | 6579 | 6499 | 6579 | 30.81 | 63.56 | 4535 | 6579 | 133943
3491004 1x n shield steel 55205 | 6455 | 6579 | €499 | 6579 | 30.81 | 6356 | 4535 | 6579 | 133940 :
3491005 1x n shield steel 55204 | 6455 | 6579 | 6499 | 6579 | 30.81 | 6356 | 4535 | 6579 | 133937 '
3491006 1x n shield steel 55204 | 6455 | 6579 | 6499 | 6579 | 3081 | 63.56 | 4535 | 6579 | 133937
3531001 [ 1xupintemals| _steel 6155 6509 | 6766 | 6648 | 67.66 | 3111 | 64.68 | 4592 | 67.66 | 857285
3551001 core barrel stael 551.7 64.54 | 6578 | 6498 | 6578 | 30.81 | 63.55 | 45.35 | 65.78 | 835656
3551002 core barrel steel 58309 | 6480 | 6674 | 6570 | 66.74 | 3096 | 64.10 | 4566 | 66.74 | 1108687
3551003 core barral steel 581.63 64.79 66.69 65.66 66.69 30.95 64.08 45.64 66.69 876011
3551004 core barrel steel 55175 | 6454 | 6578 | 6498 | 6578 | 3081 | 6356 | 4535 | 6578 | 921683
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‘ Taple 5
Initial Metal Internal Energy
Volumetric Heat Capaclty, BTU/ft’ >
a _ l I I Vol Heat (nternal
G:"Iﬂﬁcatlon Description Material Initlal T". : Cus Ceat3a Cyasos | Csteu Chre Cine Cuo2 c Energy. Ui,
umber i [ l I ap BTU
3551005 core barrel steel 55208 6455 . 6579 . 64.99 6579 ! 3081 | 63.56 4535 ' 6579 | 278888
3551006 corebamel  steel 58313 6480 6674 6570 ' 66.74 . 3086 . 6410 4566 66.74 369688
3551007 ° T corebamel © "Steel |~ 58185 6479 6670 " G587 T80 3095 6408 ~ 4564 €670 292239
3551008 " corebarrel |17 Steel | 58185 7 64.79 .._B6.70_ "B567 . 66.70 . 3095 6408 4564 _ 6670 328590
3601001 " axupinternals . steel  * 61557 6509 6766 6648 . §7.66 . 3111 _ 6468 45. 92 67.66 _ 2572219
3601002 " 3xupintemais " steel " 51556 " 6505 " 6766 6648 _...67.66_" 3191 ""6a68 4582 _67.66 1848419
. 3601003 " 3xupinternals  steel " "E5] 776484 6578 . 6489 0578 _ 30.81 6356 4535 T 6578 . 2238527
3601004 C3xUpinterals’  steel T 55177 ° 64.54 . 6578 " 6499 ° 6578 3081 . 6356 4535 6578 1167664
3601005~ 3xupinternals  steel P78 6454 | 6578 | 6498 | 6578 | 3081 | 6386 | 4535 @57 .. 2754233
3801008 [ 3xupintemals” * steel 58586 6482 | 6682 6576 | 6682 | 3097 | 6415 4568 - Gos 82~ 1657368
3641001 " "~ head “steel 55176 _ 64.54 ' B578 64,98 6578  308i 63.56 = 4535 ~ 6578 5876271
3641002 T rvhead | teel 58586 T 64.87 "G T 6576 . 66.82 30, 97, 64157 4588 ©6.82 6337761
3661001 T Txdeshel . Steel 55215, , 6455 | 6580 6499 | 85803081 6356 T 4535 ~ 6580 . 2674258
3661002 " 1xdc shell steel | | 55206 ° 64.55 [T6579 " 'Gag9 6579 3081 | 6356 _ 4535 6579 ° 1495613
3661003 " "ixdcshell ~ “steel " "553.07 © 6455 8574 84857 65.79 "7 30.81° 6356 . 45.3 65.79 2526865 |
3661004 Ixdoshell | steel 55208 6455 6579 ' 64.99 | 8579 . 3031 63.56 4535 6578 2i5iers
3681001 Ixthem sh """ steel | 552.06 ; ©4.55 . 6579 " 6499 | 6579 , 3081 6356 4535 : 6579 | 290352
3681002 1xthermsh steel 59207 6455 = 6579 . 6499 ' 6579 . 3081 . 63.56 4535 ' 8579 | 302866
© 3681003 Ixthemm sh steel 55208 | 6455 = 6579 ' 6499 , €579 3081 . 6356 4535 | 6579 | 37345
3681004 ixthemm sh steel 55209 | 6455 6579 [ 6499 | 6579 | 30.81 | 5356 | 4535 | 6579 | 404733
3741001 Ixrvshell steel 95200 : 6455 6579 | 6499 | 6579 : 30.81 | 6356 | 45.35 | 6579 | 2350450
4001001 surge line steel 61641 | 65.10 | 67.69 | 6651 | 67.60 | 31.12 | 6470 | 4593 | 67.60 | 952347
4101001 par steel 65004 | €543 | 6858 | 67.38 | 68.58 | 31.28 | 6530 | 46.15 | 6858 | 2054318
4101002 pzr steel 65006 | 6543 | 6858 | 67.38 | 68.58 | 31.28 | 6530 | 46.15 | 68.58 | 2054257
4101003 par steel 95011 | 6543 | €858 | 67.38 | 6856 | 31.28 | 6530 | 46.45 | 68.58 | 2054495
4101004 pzr steel 65011 | 6543 | 6858 | 67.38 | 66.58 | 31.28 | 6530 | 46.15 | 68.55 | 205445
4101005 par steel 65019 | 6543 | 6859 T 67.38 | 6859 | 31.28 | 6530 | 4615 | 6859 | 2054312
4101006 pzr steel 65032 | 6543 | 6859 | 67.38 | 68.59 | 31.28 | 6531 | 4615 | 68.59 | 205533
4101007 par steel 64979 | 6543 | 6857 | 6737 | 6857 | 31.28 | 6530 | 46.14 | 6857 | 5053235
4101008 par steel 62485 | 6518 | 67.91 | 6873 | 67.91 | 31.16 | 64.85 | 4598 | 6767 | Te5571]
RCS Metal Heat = 7.1606E+08
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T Table 5
Initial Metal Internal Energy
Volumetri¢ Heat Capacity, BTU/Ht> >
internal
Ide;‘\tlﬂcatlon Description | Material | Initial T,,, Ces Csasny Csason | Cateat r Caire Cine Cuoz Vol Hoat Energy, Ui,
umber | ! | ! | I i Cap BTU
i f i I
Core . ! \ .
301001 Sxead | i |7 570357 470" 6835 | 6541 | 6635 | 30807 638 | 4553 | 30.90 248840
3301002° "7 3xclad T zre T 80741 . 8501 T 8744 | Teb2e . 6744 . 3107 . 6453 4587 . 31.07 . 264232
_ 3301003 | " 3xdad | e 637.32 | 6531 _ 6824 | "B7.05 | 6824 | 3120 T 6507 4606 . 3122 | 276659
73301004  3xclad zic, | © 65295 6546 _ 68.66 6745 . 6866 . 3129 6535 | 4616 . 3129 | "286178
3301005 '~ 3xciad Zirc T 65077 | 6544 G860 | 6730 8860 T 3128 . 6531 & 4615 . 3128  ~ 265121
3301008~ 3x clad zire 63259 _ 6526 = 6812 6692 6812 | 31.20 ~ 6499 = 4603 3120 _ 276392
3301001 3x fuel w2 | 86819 | 67.57 7605 _ 7372 | 7605 . 3231 | 6923 | 47.45 | 4745 ~ 1753115
3301002 . 3xfuel uo2 T 147544 ° 7352 T 9821 | 9193 _ 9821 3543 8066 | 4960 . 4960 3113803
3301003 3x fuel wo2  1867.33 | 7736 | 11252 | 10369 112553 | 3543 87.58 ~ 50.22 T 50.22° " “3390486
..3301004 3x fuel oz T 188228 | 7751 T 11306 | 10414 V1306 T 3543 | 87.84 | 5024 T 5024 | 4023782
3301005 " dxfudl o2 T 151749 ° 7383 T 9875 | 9319 | 9975 | 5206 | 8141 | 4971 | 4971 3209606
3301006~ 3xfdel uo2 927.94"° | 6815 ~ 7823 _ 7551 _ 7823 | 3280 7030 ' 47.75 57.7_5 . 1885327
3311001 " Axclad Zic . 57047 | 6470° T 6635 | 6541 _ 6635 __30.90  ©3.83 4553  30.90 82299
3311002~ ixclad___ ziec . 607.07 . 6501 . 67.44 . 6696 6744 31.07 6453 4587 31.07 88071
3311003 . ixclad zirc 637.05 " 6530 _ 68.04  67.04 6824 3127 6507 4606 . 31.22 92643
3311004 ixclad zice 65258 6546 L 6865 6744 ~ 6865 | 3129 = 6535 _ _46.16 | 31.29 95331
3311005 1x clad zirc 65044 | 6543 68.50 . 67.39 _ 68.59 _ 31.28 6531 46.45 | 3128 ' 94988 _
3311006 ixclad :  zirc 63223 4 6526  68.11 , 6692 | 6811  31.19 6498 : 46,03 | 3119 | 52083
3311001 1x fuel uo2 , 867.67 67.56 . 76.03 | 73.70 7603 ' 3231 1 69.22 | 4745 | 4745 ; 583990
3311002 1 fuel uo2 147612 | 7353 | 9824 : 9195 | 9824 , 3543 ; 8067 | 4960 | 4960 , 1038450
3311003 1x fuel uo2 1867.07 [ 77.36 | 11251 ; 10368 | 19251 | 3543 | 8757 | 50.22 | 5022 | 1329969
3311004 1x fuel uo2 1881.92 | 77.50 | 113.05 | 10413 | 113.05 | 3543 | 87.83 | 5024 | 50.24 | 1340993
3311005 1x fuel uo2 1517.88 | 73.94 | 9976 | 9321 | 99.76 | 5220 | 8142 | 49.71 | 4971 | 1070165
3311006 i fuel uo2 927.03 | 6814 | 7820 | 7548 | 7820 | 3259 | 7020 | 47.74 | 47.74 | 627767
Clad Heat = 2.1830E+06
Fuel Heat = 2.3967E+07
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Initial Metal Internal Energy
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< Volumetric Heat Capacity, BTU/t >
Idontificati l Vol Heat | _IMorna!
o'?un"?e ron[ Description | Materlal | Initial T,,, Cos Crasay Crasos l Cateet i Coire Clne Coo2 Cap EMB’-'}{} Ui,
1
Single SG Secondary " i :

8001007 "™ 1xfeguring T~ sieel 7 B16.41 6435 T 76470 8418 T 6470 | Hoed L6293 TE500 T 6470 164658 |
6201001 " " ixioshell "~ Steel ~ . 51827 6425 64.10 ...6418° "BA70 3064 6283 4500 6470 " 3124462 |
6201002 "~ ™ "fxTo shell steel 51632° _ 6425 TG4 418 . 647i .. 3084 7 6294 " 4500 " G471 .._2218184
_ 6201003 "7 Txloshel ~ steel 51638 " 6325 | 6471 5418 64Tl 3064 | 6294 4500 " 6477 2218504
T 61602 77 ixloshel T stesl 7 51642 T 5425 6471 ° 6478 _ 6471 | 3064 ~ 629 . 4501 B471 2218718
6202001 Ixloshell = steel 51621 ° 6425 ~ 6470 6418 ~ 6470 3064 6293 | 4500 | 6470~ 462164
6301001 Ixshroud ~  steel 52306  64.31 | 6491 ~ 6433 © 6491 ° 3068 6305 4507 . 6491 ~ 365684
. 6301002 1x shroud steel 5249 T e4d2 T TBag7 T '5ads 8497 3068 T 6305 | 4509 © 6497 367286
(6301003 Txshroud | steet |7 sz 27 76433 T 6498 " T6438 | HaS8 T 3069 T 63.00 ° 4509 , 6498 " 367609
" 6301004 Txshoud "* “stedl 759536 | 64,33 64.98 . 6439 " 6498 3069 6309 | 4509 ' 6498 " 367687 _
oS fasoud L el TTSEM B 48T I WO T 3080 | G a0y | ermr ree
6301008 " ixshroud " steel .. 52557 U543 T 6459 04.39 ,.0499 _ 3089 _ 6310 | 4509 ' 6499 "~ 367doo
. 8301007 """ fxshroud ~" " steel 62591 " 543376500 " 6440 ° 6500 ~ 30,89 . 5310 45140 " 6500 694540
6301008 x shroud ;""" steel 52641 64347 76501 . 6441 6501 " 3065 " G317 4510 776501 ' 302528
5302001 | ixtube supp , steel 53153 ' 64.38 ' 6547 . 6453 . 6547 . 3072 6320 4515 | "8517 77800
. 6302002 " ixtube supp"_f" steel 535.38 6441 _ 6529 | 6461 6529 : 3073 : 6327 : 45.19 ,__66.29 78504
6302003 " ixtubesupp steel 535.7 6441 6530 6462 ' 6530 3074 | 6327 4549 . 6530 ' 78563
6302004  1xtubesupp &  steel 53562 : 6441 | 6529 ;. 6462 | 6529 . 3074 6327 | 459 | 65.29 78548
6302005 | ixfubesupp |  stecl 53553 | 6441 [ 6529 | 6462 | 6529 | 3073 | 6327 | 4519 | Eios 78531
6302006 | ixtubssupp |  steel 535.4 0441 | 6529 | 6461 | 6529 | 3073 | 6327 | 45.19 | 6529 | 7asoa
6303001 1xusupport | steel 52189 | 6435 | 6505 | 6444 | 6505 | 3070 | 6343 | 45.11 | 55.05 | 6904s3
6361001 1x up shell steel 33463 | 6440 | 6526 | 6460 | 6526 | 3073 | 63.26 | 45.18 | 6526 | 1053135
6361002 1X up shell steel 53454 | 6440 | 6526 | 645G | 6526 | 3073 | 6325 | 45.18 | 6526 | Irdazsy
6361003 1X up shell steel 53443 | 6440 | 6526 | 6459 | €526 | 30.73 | 6325 | 4515 | 6525 2617592
6361004 1x up shell steel 53442 | 6440 | 6526 | 6459 | 66526 | 3073 | 63.25 | 4548 | €525 1462308
6451001 1x sep steel SN19 | 0438 | 6516 | 6452 | 6516 | 3071 | 6320 | 4505 | 6515 | 85303
6451002 1x sep steel 535 G441 | 6527 | €460 | 6527 | 3073 | 6326 | 4545 | 6527 | 195855
6451003 1x sep steel 53485 | 6441 | 6527 | 6460 | 6527 | 3073 | 6326 | 45.16 | 6527 672134
6601001 1x sec sep steel 53442 | 6440 | 6526 | 6459 | 6528 | 3073 | 6325 | 458 | €595 930932
6701007 1x st dome steel 53431 | 6440 | 6525 | 6455 | 6525 | 3073 | 6325 | 4518 | 6525 3003504

] 1X SG Metal Heat = 2.8540E+07

00-3g8svrog-gg
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Table 5
Initial Metal Internal Energy
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< Volumetric Heat Capacity, BTU/ft" >
i i Internal
Ide::l:::::on Description Material | Initlal T,,, Cus Ceuszs i Ceason ! Cstear ! Core : Cine : Cux2 voé:': *t Ene;g{; Ui,
]
Triple SG Secondary . . i , |
7001001 3xfeedring | steel 51626 _ 6425 | 8470 _ 6418 _ 6470 _ 3064 . 6293 __ 4500 __ 6470 _ 494035
7201001~ | 3x 10 shell steel . 516.32 6425 B471 6418 6471 3064 6294 _ 4500 6471 9374514 _
__7201002  “3xloshell steel 51637 _ 6425 _ 6471 ' 6418 _ 6471 _ 3064 _ 6294 _ 4500 _ 6471 _ 6655347
__7201603 T “3xloshell . “steel ~_ 51643 | 425 " 6471 T 6418 6471 __ 3084 . 6294 . 4501 _ 6471 | 6656308
7201004 Sloshell " steel T 51647 | 6426 | 6471 _ 6418 | 6471 _ 3064 6294 | 4501 6471 ~ 6656949
7202001 "3xlo shell steel 51626~ 6425 ~ 6470 ~ 6418 ~ 6470 | 3064 6293 . 4500 ' 6470 ~ 1386660
7301001 7 Sxshroud . stesi T 782306 6431 T 'ed9i | 64.33 T 6491 _ 3068 | 6305 | 4507 | 6491 _ 1097498
7301002~ 3x shroud steel 524.88 _ 6432 ~ 6497 6437 _ 6497 _ 3068 _ 6309 _ 4509 ~ 6497 _ 1102255
7301003 3x shroud steel | 52525 _ 6433 6498 6438 _ 6498 _ 3069 6308 4509 6498 1103223
7301004~ 3x shroud stesl - | 52534 | 6433 | 6498 | 6439 | 6498 _ 3069 ~ 6309 ~ 45.09 78498 _ 1103459
7301005 T "3xshroud” | steel | ' 52542 6433 T T64.98 8439 | '64.98 . "3063 . 6309 . 45.08 _ 6498 1103668
7301006 | 3xshroud steel | 52547 _ 6433 _ 6498 _ 6339 | 8498 _ 3069 ' 6310 _ 45.09 " 64.98 1103799
_ 7301007 " ° " 3xshroud . steel ~""52588 _ 6433 . 8500 | 6440 | ©5.00 _ 30.69 ' 6310 4510 _ 6500 2083473
7301008 3x shroud steel _"526.37 6434 8501 _ 6441 _ 6501 3069 6311 4510 6501 _ 907489 _
7302001~ 3xtubesupp .  steel | 531.46 . 64.38 . 6517 6452 . 6517 . 3072 6320 ; 45145 . 6547 233361
7302002 3xtubesupp  steel ! 53526 ;| 64.41 65.28 6461 6528 ~ 3073 |, 6327 | 4519 . 6528 235446
7302003 3xtubesupp _ steel ' 53558 6441 _ 65.20 6462 | 6529 . 3073 6327 | 4519 6529 . 235622
7302004, 3xtubesupp | steel 5355 1 6441 6529 6462 | 6529 | 3073 , 6327 ! 4519 | 6529 , 235578
7302005 | 3xtubesupp |  steel 53541 , 6441 1 6529 64 61 65.29 3073 , 6327 | 4519 | 6529 235528
7302006 ; 3xtubesupp | steel 53528 , 64.41 65.28 | 64.61 65.28 30,73 ; 6327 45.19 65.28 235457
7303001 | 3xusupport | steel 52764 | 6435 | 6505 | 6444 | 6505 | 30.70 | 63.43 | 4511 | 6505 | 2071057
7361001 3x up shell steel 53451 | 6440 | 6526 | 6459 | 6526 | 30.73 | 63.25 | 458 | 6526 | 3188501
7361002 3x up shell steel 53442 | 6440 | 6526 | 6459 | 6526 | 30.73 | 63.25 | 45.18 | 6526 | 11230523
7361003 3x up shell steel 53431 | 6440 | 6525 | 6459 | 6525 | 3073 | 63.25 | 4518 | 6525 | 7850573
7361004 3x up shell steel 534.3 6440 | 6525 | 6459 | 6525 | 3073 | 6325 | 4518 | 6525 | 4385693
7451001 3x sep steel 53112 | 6438 | 6516 | 6452 | 6516 | 3071 | 6349 | 4515 | 6516 | 257666
7451002 3x sep steel 53488 | 6441 | 6527 | 6460 | 6527 | 3073 | 6326 | 4519 | 65.27 | 572404
7451003 3x sep steel 53472 | 6440 | 6527 | 6460 | 6527 | 3073 | 63.26 | 45.8 | 6527 | 2015790
7601001 3 sec sep steel 534.3 6440 | 6525 | 6459 | 6525 | 3073 | 63.25 | 45.8 | 6525 | 2792014
7701001 3 st dome steel 53427 | 6440 | 6525 | 6459 | 6525 | 30.73 | 6325 | 4518 | 6525 | 8994137
3x SG Motal Volume= | 8.5598E+07
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Table 5

Initial Metal Internal Energy
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I< Volumetric Heat Capacity, BTU/ft'-e-eeeeeems
Idents ) l Vol Heat Internal
"Caton | Description | Matorial | Initial T | € | Cos | Cos | G | e Cine cap | ENorgy, Ui,
Numbar 1 | I ap BTU
T + 7

Steam Lines

"675010000 sting " " sfeel '’ 53316 _ 6439 6522 . 6456 6522 _ 4072 . 8323 _6522 ~ 363165

" 675020000 stine2" " “steel ‘' 533.06 | §439. _ 8532 _ 6456 _ 6522 L, 3072 8323 65227 204091 _
675030000 " stlined . steel . 53289 | 64.39 | 6521 6456 6521 ‘3072 _6_3._2_3_‘ 6521 1125809
675040000~ stiined steel 53298 | 6439° T 6521 | 6456 | 6521 | 3072 & 63.23 6521 _ 906886
676010000 "~ ""stine5 T steel 53288 | '64.39 | 6521 | 64567 6521 _ 3072 & 63.23 6521 542334
677010000 7 stines 7 steel 54201 | 8446 "'6549 | GA76 | 6549° 73077 " ‘6339 6549 1156552
680010000 stiine 7 steel 53249 6439 65207 6455 _ 6520 _ 3072 76322 6520 484858
680020000 stline 8 steel 53254 | 8439 _ 6520 | 6455 | 6520 & 3072 _ 6323 65.20 _ 1476630
680030000 stined” steel 53251 | 6439 6520 ° 6455 . 6520 | 3072 | 63.32 6520 _ 1476526

680040000 | stline 1 |7 sfesi T 53248 6439 T 8520 . 6455 " 6520 © 3072 | €322 6520 1476353
_ 680050000 ~  stline 11 steel 53242 T 6439 © 6520 | 8455 . 6520 3072 | 6323 8520 _ 1476215
__680060060 ~ _stine12_ | _steel §3239 _ 6439 | 65.19 ° 6455 6519 _ 3072 . 6322 __s_z_sg_s__h 1476111
__680070000 " " stline 13’ steel 53233 T 6439 T B51977 76454 6519 . 3072~ 6322 . 6519 1475503
680080000 _ sthne 14’ Steel " "T5323" " 6438 6519 ‘6454 . 6519 . 3072 6322 6519 1475799
— 680090000 " stline 15 steel " "53236 " 64.38 ° 6519 ' 6454 6549 " 3072 6321 6519 . 1475661
680100000~ stine 16 steel | 5324 ' 6438 . 6549 . 6454 6519 3072 631 65.19 '~ 1475107
680110000 ,  stline 17 sfeel 53202 6438 6518 6454 6518 30.72  63.21 65.18 1474830
681010000, stline 18 steel 52813 , 64.35 6507 6445 i 6507 . 30.70  63.14 6507 1254400
683010000 stline 19 steel 533.42 64.39 ' 6523 ; 64.57 85.23 30,72 | 6323 4517 | 6523 | 2116114
683020000 | stiine 20 steel 53332 | 6439 , 6522 6457 | 6522 ' 30.72 , 63.23 |_6527 1870207
683030000 |  stline 21 steel 533.1 6439 | 6522 | 64.56 | 65.22 | 3072 | 63.23 6522 | 1986909
683040000 | _stline 22 steel 53222 | 64.38 | 6519 | 6454 | 6519 | 3072 ' 63.21 6519 | 1001404
692010000 | stine 23 steel 536.91 | 6442 | 6533 | 6465 | 6533 | 3074 | 63.30 6533 | 1734847
692020000 | stline 24 steel 54006 | 6445 | 6543 | 6472 | 6543 | 30.76 | 63.35 6543 | 2258816
692030000 | stfne 25 steel 54286 | 5447 | 6551 | 6478 | 6551 | 30.77 | 6340 65.51 | 2273481
775010000 | stiine 28 steel 53306 | 64.39 | 6522 | 6456 | 6522 | 3072 | 63.23 6522 | 1089240
775020000 | stline 27 steel 53296 | 6439 | 6521 | 6456 | 6521 | 3072 | 6323 6521 | 612129

- 775030000 | stline 28 steel 53283 | 6439 | 6521 | 6456 | 6521 | 3072 | 63.23 6521 | 3378557
775040000 | sthne 29 steel 532.9 6439 | 6521 | 6456 | 6521 | 30.72 | 6323 6521 | 2429656
776010000 | stiine 30 steel 53279 | 64.39 | 6521 | 6455 | 6521 | a072 | 63.22 6521 | 1152868
777010000 | sttne 31 steel 54139 | 6446 | 6547 | 6475 | 6547 | 30.76 | 63.37 6547 | 3464690
780010000 | sl fine 32 steel 53245 | 6439 | 6520 | 6455 | 6520 | 3072 | 63.22 6520 | 1933239
780020000 | stline 33 steel 53245 | 6439 | 6520 | 6455 | 6520 | a0.72 | 6322 6520 | 5256774
780030000 | stline 34 steel 53243 | 6439 | 6520 | 6455 | 6520 | 3072 | 6322 65.20 | 2428748
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h Table 5
Initial Metal Internal Energy
Volumetric Heat Capacity, BTU/ft >
] | {internal
. Vol Heat
Identification Description | Material | Initial T,,, Cis ' Cuasy ' Csasos Cteel Caire Cine I Cuoz of Hea Energy, Ui,
Number | ' | ' i . i Cap | BTU
. 780040000 | sthne35 steel ' 53241 _ 6439 6520 = 64.55 _ 6520 30.72 63.22 45.16 6520 __ 4428540
780050000 ~ st fine 36 steel 53235  64.39 6519 6455 6519 _ 3072 6322 ,. 45167 ' 6519 4428228
. 780060000 . stline37 steel 53234 6439 ~ 6519 _ 6454 6519 _ 3072 T 6322 4516 _ 6519 ~ 4427813
_ 780070000 ) ﬂl_l_nesa___‘_ steel "~ 532718 64.38 6519 | 6454 ' 6519 _ 3072 ~ 6321 4516 6519 4428152
~ 780086000 stine 39 sfeel” T " 5321 64.38 65.19 64.54 65.19 3072 63.21 45.16 65.19 4425322
o - | Steam Line Metal Heat=  7.2182E+07
Main Feedwater Lines
MFW Plpe steel 435  63.41 62.24 62.18 63.41 30.26 61.51 44,21 63.41 1773517
|  MFWLine Metal Heat= _ 1.7735E+06
Initial Condition Summary for Metals oo o T e i : Tt
RCS Metal 19517.08 7qeoees08) © "t " o T * ‘
Clad __ 11205 _ "2.1830E+08) T o T '* T L T
Fuel 340,42 " 2.3967E+07 e T Tt e T T
1xSG Metal ' 833,71 (2.8540E+07) " "7 = ‘—“—'——“—;__ , —__—:~ YT T s e ———
3x SG Metal |,  2500.72 la 5598E+07 . : : T - T
Steam Lines ' 2299.12  7.2182E+07 T : : - -
MFW Lines 430  [1.7735E+06 : : " ; R _
Toal 26667.39 | 9.3030E+08 ! i ;
I
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2.6 _Structure Energy Content, Mode 2

Table 6 shows the calculation of the "Mode 2" intemnal energy for each, of many, model heat structures and
summarizes the total energy associated with the plant metal mass at the hot shutdown mode of operation.
Table 6 is a duplicate of the initial energy table, Table S, with the following exceptions.

The average temperature of each heat structure is based on the conditions presumed to exist during Mode 2
operation. The no-load average RCS temperature at Sequoyah is 547 F (see Reference 5, Figure 53.4-1),
Reference 6, Figures 5-9 and 5-10 illustrate the RCS temperature response to a loss of offsite power event.
The event is characterized by, for one, a loss of power to the RCS pumps and an immediate reactor trip.
Examining these figures at about 2-hours, the time frame for cooling from full power to the Mode 2 state

assumed in this work, the RCS AT is about 30 F. The following coolant temperatures for Mode 2 are,
therefore:

Tha= 562F
le: 2= 547 F o
Tcold.z = 532F

For those primary RCS structures decmed "cold-side", Teoe2 is applied. For the hot side structures, Thoez is
applied. For those structures transferring (adding or extracting) heat, T,y 2 is applied

The metal temperature in the pressurizer components are left at their initial, full power, values. This
reflects the fact that the RCS pressure is unchanged from full power operation to Mode 2 operation and the
fluid in the pressurizer is saturated.

Secondary, or steam-side, structures should be nearly at Tz, reflective of the temperature of the fluid
exiting the primary side of the steam generator. This includes the steam lines. The feedwater lines are
assumed to be full of auxiliary feedwater within two hours so the piping structures are st to the auxiliary
feedwater temperature of 120 F.

Given the material and the structure temperature volumetric heat capacity is determined, by interpolation,
from Table 4. Note that, as mentioned above, if the material is steel the Mode 2 volumetric heat capacity is
the minimum value of all the steels. In this way, the AU and the heat structure contribution to the
condensate storage tank requircment is maximized.

The initial internal energy is then estimated for each heat structure in the following manner:

where,

= volumetric heat capacity, BTU/ft’-F, based on structure material and temperature, Table 4

V= structure volume in ft’, taken from Table 1 for model heat structures, Table 2 for steam line
piping, and Table 3 for main feedwater piping.

T= structure temperature, F.

A summary of the structure internal energies is included at the bottom of Table 6. The summary indicates
structure volume and internal energy for the RCS metal, clad and fuel, steam generator secondary metal,
steam line piping, and main feedwater piping. The sum of all the internal energies of all the plant structures
considered:

> U, ~8.7267E8BTU -
metat

m:&/“y?/o’z,
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Table 6
Mode 2 Metal Internal Energy

< Volumetric Heat Capacity, BTUHt
i Vo! Heat Internal
lde;:'::t:on Description Matorial Initial T,y, Ces Cyat3a Crason Cotest Crire Cinc Cuoz Cap EneBrg-{; U,,
Primary metal
1001001 | xhotlegnoz | steel | 562 6463 | 6609 | 6522 | 6463 | 30.86 | 63.74 | 4545 | 6463 |807089.038
1051001, 3xhotleg steel + 562 6463 | 66.09 | 6522 | 6463 | 30.86 ' 63.74 | 4545 | 6463 |932489 026
1051002 | 3x hotleg steel 562 6463 | 66.09 | 6622 | 6463 | 30.86 | 63.74 | 4545 | 6463 |1433049.87
1051003 3x hot leg steel 562 6463 _ 6609 | 6522 | 64.63 , 30.86  63.74 | 4545 | 64.63 |1165657.04
1201001 3Xrsg in steel 562 6463 . 66.99 6522 : 6463 _ 30.86  63.74 ' 4545 | F453 |5814341.78
1202001 " 3xrsgdwplate, steel 547~ ' BAS1 . 6564 6488 T GAST " I0.79 " 6347 4530, 6451 759219015
— 1211007 3xrsgints ~ “sleal " " 7552 _ | 6463 . 6609 6522 — 6463 + 3086 ~ 6374 . 4545 | 6463 |8645133.11
1251001 3xrsqtubes | — inc 547 | "B451 . 6564 | 6486 6451 | 3079 6347 4530 6347 1140384308
1251002 3xrsqlubes  — Tinc 547 ' 6451 6564 6488 6451 | 30.79 6347 4530 | 6347 |1403843.08
1251003 3xrsgtubes inc . 547  64.51 6564 ' 64.88 6451 , 30.79 6347 . 4530 [ 6347 !1403843.08
1251004 3xrsg tubes Inc . 547 | 6451 6564 _ 64.88 , 6451 | 3070 6347 | 4530 | 6347 |1403343 08
1251005 3x rsg tubes inc 547 ! 6451 | 6564 64.88 64.51 : 30.79 6347 ., 4530 63.47 |1403843,08
1251006 3xrsg tubes Inc 547 6451 : 6564 | 6488 | 6451 | 30.79 | 6347 | 4530 | 6347 |1403543.08
1251007 | 3xrsq tubes inc 547 6451 | 6564 | 64.88 | 6451 | 3079 | 63.47 | 4530 | 6347 |797744.505
1251008 | 3x rsg tubes nc 547 6451 | 6564 | 64.88 | 6451 | 3079 | 63.47 | 4530 | 63.47 |797744.595
1251005 | 3xrsg fubes inc 547 64.51 | 6564 | 64.88 | 6451 | 3079 | 63.47 | 4530 | 6347 |797743.505
1251010 | 3x rsg tubes inc 547 6451 | 6564 | 64.88 | 6451 | 3079 | 6347 | 4530 | 63.47 797744595
1251011 ' 3x rsg fubes inc 547 6451 | 6564 | 6488 | 6451 | 3079 | 6347 | 4530 | 63.47 |1403843.08
1251012 | 3xrsg tubes inc 547 6451 | 6564 | 64.88 | 6451 | 3079 | 6347 | 4530 | 6347 |1403843.08
1251013 | 3xrsg tubes inc 547 64.51 | 6564 | 64.88 | 6451 | 3079 | 6347 | 4530 | 63.47 |1403843.08
1251014 | 3xrsg tubes inc 547 6451 | 6564 | 6488 | 6451 | 30.79 | 63.47 | 4530 | 63.47 |1403843.08
1251015 | 3xrsg tubes inc 547 6451 | 6564 | 64.88 | 64.51 | 30.79 | 6347 | 4530 | 6347 |1403843.08
1251016 | 3xrsg tubes inc 547 64.51 | 6564 | 6488 | 64.51 | 30.79 | 63.47 | 4530 | 6347 |1403843.08
1291001 | 3xrsgoutts | steel 532 6438 | 6518 | 6454 | B4.38 | 30.72 | 63.21 | 4516 | 64.35 |8152499.00
1301001 3x rsg out steel 532 6438 | 6518 | 64.54 | 6438 | 30.72 | 63.21 | 4516 | 64.38 | 54830175
1351001 | 3xcoldlegps | steel 532 6438 | 6518 | 64.54 | 64.38 | 3072 | 63.21 | 4516 | 64.38 |955072.102
1351002__| 3xcoldiegps | steel 532 64.38 | 6518 | €454 | 6438 | 30.72 | 63.21 | 45.16 | 64.38 | 867562.37
1351003 | 3xcoldlegps | steel 532 64.38 | 6518 | 6454 | 6438 | 3072 | 63.21 | 4516 | 64.98 |1385640.11
1351004 | 3xcoldlegps | steel 532 6438 | 65.18 | 64.54 | 6438 | 3072 | 63.21, | 4516 | 6438 |689977.814
1351005 | 3xcoldlegps | steel 532 6438 | 6518 | 6454 | 6438 | 30.72 | 63.21 | 4516 | 64.38 |1385640.11
1601001 | 3x pump metal| _steel 532 6438 | 6518 | 64.54 | 64.38 | 3072 | 63.21 | 4518 | 64.38 [361865703
1651001 3x cold leg steal 532 438 | 6518 | 6454 | 6438 | 30.72 | 63.21 | 45.16 | 64.38 |606445.607
1651002 3x cold lag steel 532 6438 | 6518 | 6454 | 6438 | 3072 | 63.21 | 45.16 | 64.38 236505389
1701001 [3xcoldlegnoz] _ steel 532 8438 | 65.18 | 64.54 | 6438 | 3072 | 6321 | 4516 | ©64.38 |134234355
29
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2.7_Structure Energy Content, Mode 3

Table 7 shows the calculation of the "Mode 3" internal energy for each, of many, mode} heat structures and
summarizes the total energy associated with the plant metal mass at the RHR cut-in mode of operation.
Table 7 is a duplicate of the initial energy tables, Table 5 and 6, with the following exceptions.

The average temperature of each heat structure is based on the conditions presumed to exist during Mode 3
operation. The RCS temperature and pressure for the RHR cut-in condition is 350 F and 380 psig,
respectively (Page 7, Reference 7). The 30 F RCS AT from the Mode 2 calculation is conservatively
retained for this calculation and 350 F is taken as the maximum RCS liquid temperature. Thatis,

Thwz= 350F
Taves= 335F
Tnold.) = 320F

For those primary RCS structures deemed "cold-side”, Tooas is 2pplied. For the hot side structures, Ty,y is
applied. For those structures transferring (adding or extracting) heat, Tavea is applicd.

The metal temperature in the pressurizer components are calculated using the saturated temperature at the
RHR cut-in system pressure, about 395 psia

Secondary, or steam-side, structures should be nearly at Teota3, reflective of the temperature of the fluid
exiting the primary side of the steam generator. This includes the steam lines, The feedwater lines are
assumed to be full of auxiliary feedwater so the piping structures are set to the auxiliary feedwater
temperature of 120 F.

Given the material and the structure temperature volumetric heat capacity is determined, by interpolation,
from Table 4, Notc that, as mentioned above, if the material is steel the Mode 3 volumetric heat capacity is
the minimum value of all the steels. In this way, the AU and the heat structure contribution to the
condensate storage tank requirement is maximized.

The initial interna] energy is then estimated for each heat structure in the following manner:

U3 s C3VT3

where,
C3= volumetric heat capacity, BTU/ft’-F, based on structure material and temperature, Table 4
= structure volume in ft’, taken from Table 1 for model heat structures, Table 2 for steam line
piping, and Table 3 for main feedwater piping.
= structure temperature, F.

A summary of the structure internal energies is included at the bottom of Table 7. The summary indicates
structure volume and internal energy for the RCS metal, clad and firel, steam generator secondary metal,
steam lin¢ piping, and main feedwater piping. The sum of all the internal energies of all the plant structures
considered:

> U, » 4.8449E8 BTU
metal

SR L it
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3.1 Initial RCS Energy Content

The initial RCS mass is derived from the short RELAPS run, sqss/XWEL, dated 2/7/02. Since the
pressurizer is saturated at any given opcrational state the pressurizer and the remainder of the RCS volume
are treated scparately in the energy balance. From the short RELAPS run, the initial RCS mass for System
1 is given in the first (t = 0 seconds) major edit as:

My =SI513E+05 Tom =

The pressurizer and surge line mass are determined from the short RELAPS run as well, The process is
demonstrated in Table 8. The nodal volume for each node of the pressurizer and surge line is taken from
the model input summary. Void fractions (VOIDG), liquid density (RHOF), and vapor density (RHOG)
are taken from the first major edit. Nodal density is calculated using the following relation:

RHO =(1 - YOIDG) * RHOF + VOIDG * RHOG

and the nodal mass is simply determined as the product of the nodal volume and density,

Table 8
RELAPS5 Model Pressurizer Initial Mass Calculation
Pressurizer Node Volume, ft* VOIDG RHOF{ RHOG, RHO, Ibmt? Mass, Ibm
bk bt
400010000  Surge Line w086~ 0/ 4161~ 623~ 41,61 1699.602
410010000 PZR 1 652764 v 1 </ 37.3% ~ 6.1852 619 . 403.7476
410020000 PZR 2 234 879 1 7 37.392 -~ 6.1861 619 1762.28
410030000 PZR3 284.879 1 v 3733 -~ 6.1859 6.19 1762.233
410040000 PZR 4 284 879 . 0703 v 37405 - 6.1893 v 15456 ~ 4404.688
410050000 PZR S 284.879 o~ - 37375 ~ 6 1966 3738 10647.35
410060000 PZR 6 2B4.879 o - 3736 - 6 2052 37.36 . 10643 08
410070000 PZR7 284.879 ov 37.453 - 62138 37.45 10669.57
410080000 PZR 8 652764 v c v 40.715 . 62199 40.72 2657.729
* approximate Total PZR Mass, my,, = 4465084

The initial mode] RCS mass is equivalent to the System 1 mass minus the pressurizer mass:

Mpcsmodel = Myt — My =4.70463E5 Ibm  ~~

. The RELAPS model incorporates an RCS temperature measurement uncertainty, the model average RCS

temperature (time = 0 second major edit):

Tyerga = (TEMPF,y, ;TEMPFm)= SBI6 F

The specific volume at 2250 psia (nominal RCS pressure) and 583.6 F (per ASME steam tables) is:

VRcsmode = 0.02247 f%lbm. <~

-
For nominal RCS pressure and temperature (5782 F, see Reference 5, Figure 5.3.4-1) the specific volume
(per ASME steam tables) is:

Vges; = 0.02227 i¥/lbm

The initial RCS mass (minus the pressurizer) normalized to nominal conditions, therefore:

/&? ,'@/‘/- & 2oz a8
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. Mpgs; = LRCSmodet * VRCS model _ 4 7483705 Tom +
Resd VRes.i

-

For nominal full power RCS pressure and temperature (578.2 F, see Reference 5, Figure 5.3.4-1) the
specific internal energy (per ASME steam tables) is:

Ugesy =574.07 BTU/Ibm

The initial internal energy associated with the RCS fluid mass is equivalent to the product of the initial
RCS mass and the specific internal energy:

Ugcsj = Mpesj *Uges; =2.72591E8 BTU ]

/&2“2/ &/ 7/

49



SQN CONDENSATE VOLUME REQUIREMENT VERIFICATION
32-5014532-00

3.2 Mode 2 RCS Energy Content

The fluid volume of the RCS, exclusive of the pressurizer and surge line is approximately equivalent for all
operational states. Therefore, the mass of RCS fluid in Mode 2 of operation can be determined from the
initial RCS mass utilizing respective fluid specific volumes. In Mode 2, the average RCS fluid
temperature:

Taez= S47F
Combined with a nominal RCS pressure of 2250 psia, the specific volume (per ASME steam tables):
Vresa =0.02125 87bm

and the RCS mass in Mode 2 is determined from the initial mass by a ratio of specific volumes:

_ Mgrcsi * Vresii

Mpes2 = = 4.97498E5 1bm

VRCS,2

For nominal Mode 2 RCS pressure and temperature the specific internal energy (per ASME steam tables)
is:

Ugesz =534.62 BTU/lbm

The Mode 2 internal energy associated with the RCS mass is equivalent to the product of the Mode 2 RCS
mass and the specific internal energy:

Uncs2 = Mrcsz * Uncs = 2.65973E8 BTU B

&},ﬁ/\qf?/oz,
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3.3 Mode 3 RCS Energy Content

The fluid volume of the RCS, exclusive of the pressurizer and surge line is approximately equivalent for all
operational states, Therefore, the mass of RCS fluid in Mode 3 of operation can be determined from the
initial RCS mass utilizing respective fluid specific volumes. In Mode 3, the average RCS fluid
temperature:

Tyes= 335F

_ .
Combined with a nominal RCS pressure of 395 psia (Page 7, Reference 7), the specific volume (from
ASME steam tables):

vRCSJ =0.01780 ﬁjllbm -~

and the RCS mass in Mode 3 is determined from the initial mass by a ratio of specific volumes:
m *y w
Mpesy =— o RS 5041185 1bm
Vres3
For Mode 3 RCS pressure and temperature the specific internal energy (per ASME steam tables) is:
u RCS,2 = 305.19 BTU/Ibm ¢«

The Mode 3 internal energy associated with the RCS mass is equivalent to the product of the Mode 3 RCS
mass and the specific intemnal energy:

Ugcs3 = Mecs3 *Upesa = 1.81321E8 BTU — j

/%7 '@/‘ &/2/or_
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3.4_Pressurizer Energy Content

Table 9 shows the calculation of pressurizer liquid and vapor mass for the initial full power, Mode 2, and
Mode 3 operating points. Pressurizer fluid mass, in this calculation, includes the pressurizer vesse] - 8
vertical RELAPS nodes - and a single-node surge line. The RELAPS nodes are sequenced such that the
first pressurizer node, 410010000, is the top of the pressurizer and the last, 410080000, is the bottom node.

Respective nodal heights are taken from the input echo of the RELAPS short run, sqss/XWEL, dated
2/7/02. The void fraction js 1.0 in the top of the pressurizer and all nodes that are steam filled. The bottom
of the pressurizer has a void fraction of 0.0. Summing node heights from the bottom of the pressurizer
gives the relative elevation of the top of each node.

The % span is the percent of liquid between the dp taps on the pressurizer and is simulated with
CNTRLVAR 861 of the short run, the basic form of the control variable is:

%span =2.3099 * (Elevation—3.3125) ~

% span is calculated at the top of each pressurizer node. The target span is the nominal % span for each
operational point. At full power the target span is taken to be 60% and at no-load conditions, 25% (see
inputs for Loss of Electric Load and Main Steam Line Break, respectively, Reference 8). The target span
identifies the pressurizer node containing the phasic interface. The void fraction in the target node is
arrived at using the respective elevations of the target node and the node beneath it:

VOIDG, =1~ (targetspan ~Y%span,,_;)
n Y%span,, —%span,_,)

Pressurizer nodal volumes are taken from the input echo of the RELAPS short run, sqss/’XWEL, dated
2/7/02. Liquid and vapor densities are saturated values based on nominal RCS pressure (per ASME steam
tables). Nominal RCS pressure at the initial and Mode 2 operational points is 2250 psia. For mode 3, the
nominal RCS pressure is 395 psia. Liquid mass and vapor mass is calculated for each node based on nodal
volume, void fraction, and density;

m; =liquid mass = p; * V* (1~ VOIDG)
m, = vapor mass = p, *V*VOIDG
where,
pi = liquid density
py = vapor density
V = nodal volume

Liquid and vapor masses are summed for the pressurizer component at each operational point in Table 9;

My 5 s =4.1832E4 Ibm
My i =4.7937E3 Ibm
my ... » =2.0155E4 |bm
My pzr 2 =B5199E3 Ibm
m) .3 =2.8141E4 Ibm
m, .3 =1.1371E3 Ibm

,@Zﬁw &/ FP—
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Liquid and vapor specific internal energies are saturated values based on nominal RCS pressures (per
ASME steam tables);

Uy o i = U prr2 = 690.1BTU/Ibm d
Uy pari = Uy paz =1052.5BTU/Ibm
Uy por3 =421 4BTU/Ibm -

U, 3 =1118.7BTU/lbm <~

Finally, the internal energy of the pressurizer fluid is calculated as follows:

Upll‘.’ = ml'pﬂ'i * u,.p,,_; + mv'Pu.‘ * u‘,dm..; = 3.39127E7 BTU g

UW’Z = m,lpu'z * ULPH.Z + mv.pn..z * uv'puJ =2.28756E7 BTU «~

Upzrs =3 * Uppry + My s XUy gy =1.31304E7BTU

53



TRz6T = SSBIY UZd 1501
VZELL | ViieT
00 2'81€¢€ S058°0 8652°1S ¥9.7'S9 0 000 1602 6LT 8 ¥yzd 0000800LY
00 £'Srirl $0580 8652°1S 6.8 ¥2 a 9861 621°01 28eL L¥zd 0000001 ¥
yeLl | 62062 5052°0 8652°LS 6.8 ¥8Z ¥9y 0 Sz 16 Z¢ 196'21 Z88'2 9H2d 0000800} ¥
gzve 00 $058°0 8652°) 6.9'vaz 1 9%6'6¥ £46 2 28E /L S HZd 00005004 ¥
g 00 50580 865L°1S 6.8 92 1 Z0'29 5z 2¢ 2882 ¥ ¥zd 00004001
£THe 00 90580 8661°1S 68482 1 048 202°6€ 2882 € ¥zd 0000€00LY
X124 00 5058°0 865.°15 6.8'v82 } z1'10t 680°2F 28EL zyzd 0000Z00L¥
5’5 00 $058°0 8652°1G ¥9/2'69 I 85°/0% 989 6% 2602 L Yzd 00001004¥
00 Trile $058°0 8652°1S Sre oY 0 000 sun abing 00001000
i e I I % 7 5 e
RUeR 21y oK Tty "TeUSS0TeT "UCHEAR]S [TUOIH PR JSzINEEEg
dazunssadd ¢ apoy
1'5288Z = SBEW HZd 1501
66158 | Z'ssioT
00 661pZ 289 L20°2€ ¥912'59 0 000 26142 617 8 ¥zd 00008001
00 6 09501 zie9 L20°28 6.18'¢82 0 98’51 62101 280 L¥zd 00002001
yevs | Z'0ags zLL9 120°2¢ 618'v82 +9v°0 F4 162¢ 19521 2882 992d 00005004 ¢
$'5181 00 T 9 L20°2¢ 6.8 82 1 86'6 E¥5bT 78cs S ¥zd 0000500} ¥
[T 00 289 T 107¢ 6.8'r52 ! 20'29 52e2e 288, ¥ ¥zd ;0000001 %
'S8t 00 ¢i€9 1 LI0le 618 #82 1 2048 2008€ 2887 £yzd :0000€00L%
vS18} 00 TLEY | 1102 | elgte s Z1°10) 680'LF ' zgoZ zZYzZd ,0000200L+
0'9LY 00 . @2I89 12026 ' p9szs5e ! .. 85701 9886y ; 2612 L ¥zd ‘00003001
00 LISt 288 LI0ZC . svaOy 0 .h 000 — ,__eujeBing 00001000
mrsey Wy O g 7 " apoR
TwR oy BV ARGG  OWMOA §§ TR mory om0 o oh
—ea RTER, POOY ST T e e e e
N 1 i 1 1 43ZNsSSAd Z opow
s L SEm St dm e e b LAt 8 e a— T e B e f emias mmy ——— *- - - “w te =me ma o - - ——
6'5799F | | mmmmzlymml_mm.. e M e —
2e62p | Z'zsaly : ! : ! : ‘
U0 56ive | zie9 LL02€ ¥9I2'69 | 0 : 000 7 I8l 8Lz  puzd .00008004 ¥
00 6'09501 TiE9 LLD L€ 618 ¢82 0 ! 98 G| 611701 T 100002001
00 6 09501 zIE9 1207¢ 6.8°'v8C 0 j 16'2¢ 196°LE zoeL | 9 ¥zd '00009001
00 ‘60950l ' 29 104 ;6882 0 , 966k £VE'b2 28EL _ GWZ2d___ 0000SO0LY
692 | 955129 2LE'9 L2028 1 Bigver Lyo 09 2029 . 6zeze 28 L ¥ ¥2d ,00004001¥
y'si8lL 00 2.8'9 L20°2E 618'+82 1 10 v8 20268 288, £ 4zd 10000€001LY
v'Sigl 00 2.8'9 L20°2€ 6:8'v82 1 ZL'L0L 6807y e8EL TYHZd 100002001 &
09L¥ 00 o] L20°2€ ¥9.Z 69 L 85°201 089'6p l6LT L Wzd 0000L00LY
i) 2 ¥iSL 2.¢'9 L20°2E oFg'0r 0 000 aury sbung  100001000%
PRSI e
WA sSBR | W SS8p % g ¥ SN
TR | Py ...uaw.qﬂqa Jiaaua& o SUNOR | UPerT R sy TS % romerer TERHERR| ol | e
TN [BUWOU 7 d [eRiuj]

uopenojed ssey Jozpnssald
6( L

&,g/‘/%/al

32-5014532-00



SQN CONDENSATE VOLUME REQUIREMENT VERIFICATION
32-5014532-00

4.1_Initial SG Secondary Energy Content

The initial liquid mass of the RELAP5 model single and triple steam generators are taken from the short
run, sqss/XWEL, dated 2/7/02, time = 0 seconds control variables. The total liquid mass is the sum of
both control variables:

My g6e3,: = CNTRLVAR 458 =2.93501ES Ibm /
M) sgy1; = CNTRLVAR 358 =9.75343E4 1bm
My 5G.i = My 5Gx3,i + M s60,i ©3.9104E51bm

The entire secondary mass is given in the major edit as the mass of System 2:
m,., = 4.6323E51bm

The secondary vapor mass is the difference between the System 2 mass and the liquid masses of the two
steam generator components:

M, 5; =My —Mysg; =72190E4Ibm —
-
The initial steam pressure is taken as 919 psia, see the steam dome volume 670 in the time = 0 major edit of
the short RELAPS run sqss/’XWEL, dated 2/7/02. The saturated liquid and vapor specific internal energy
(per ASME steam tables) at that pressure are:
VisG,1 =0.02138° /1bm -

Vesg; =0.4896f /lom =

The total SG secondary volume is approximately:

Vsg =My 56 * Visc,i + My 55 * Vy 564 = 4.3673E40> —

The saturated liquid and vapor specific interal energy (per ASME steam tables) at the saturation pressure
are:

U563 =5262BTU/Ibm  ~~
uysg; =11125BTU/bm
hysg; =11957BTU/lbm  ~~

The initial SG secondary internal energy is calculated as follows:

USG,i =m|’SG., ‘U'SGJ +m,,'so'i ‘u‘,SGJ =2.8608588TU [ j

ST ipotin
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4.2 Mode 2 SG Energy Content

The SG is nominally controlled to 39% of narrow range span at zero load {Reference 9). The following SG
elevations, relative to the base support stool, are taken from Reference 10, pages 21 and 22;

Tubesheet upper face elevation = 66.87 in
Lower NR tap = 503.62 in
Upper NR tap=647.62 in

Therefore, the NR tap elevations, relative to the top of the tubesheet:

Zys, = Lower NR tap = 36.40 ft
Z,005 = Upper NR tap = 48.40 ft

and the elevation associated with 39% of span, relative to the tubesheet:
239% = 41.08 ﬁ

Table 10 gives the SG secondary volume vs. elevation above the tubesheet. From Table 10, operation at
39% of narrow range span translates to a collapsed secondary liquid volume of about 3289 fi* per steam
generator or, for 4 SGs:

Visg2 =13157E4 £

The 8G secondary pressure at the Mode 2 operational point is taken to be the saturation pressure associated
with the RCS cold leg temperature - with the pumps off, the primary fluid temperature leaving the steam
generator is essentially the same temperature as the secondary temperature.

T:olu =532 F,.> PSGJ =900.4 pSia
The saturated liquid and vapor specific internal energy (per ASME steam tables) at that pressure are:

Vi56.2 = 00212383 /1bm
Vy.s6.2 =0.50070 /Ibm

and the mass of secondary liquid:

v,
Mygq 2 =—222L = 6.1974ES bm
" Yisa2

The mass of secondary vapor is:

Ve -V
m,sgp = —0 1862 _ ¢ 0837E4 Ibm

vv.SG,2

L g

56 !
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The saturated liquid and vapor specific internal energy (per ASME steam tables) at the saturation pressure
are:

u 1,5G,2 =523.2BTU /1bm

uv'savz =1113.0BTU/Ibm -

hysg2 =11964BTU/Ibm

The Mode 2 SG secondary internal energy is calculated as follows, assuming a return to the nominal SG
level:

UsGa =Mysg) *U1sg) +Mysga *Uysg2 =3.9196E8BTU —

25 ¢rpon
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4.3 Mode 3 SG Energy Content

The SG secondary pressure at the Mode 3 operational point is taken to be the saturation pressure associated

with the RCS cold leg temperature - with the pumps off, the primary fluid temperature leaving the steam

generator is essentially the same temperature as the secondary temperature. .
Teotgs =320F,=> Py 5 = 89.6 psia

The saturated liquid and vapor specific internal energy (per ASME steam tables) at that pressure are:

Visca =0.01766t /lbm
Vvsc3 = 49137 /lbm

Secondary energy content is determined for each of 4 secondary inventories. First use (1) the original
"initial" secondary liquid mass:

LU B =
muw = mLSG.; =3.9104E51bm

= vg(zu =Misc3”Visa3 = 6.9058E3 A3

and a steam mass of:
v
m® = Y567 Visas _ g 4po0cps fom
v3G,} VV,SGJ
Secondly use (2) a liquid volume just covering the SG tubes From Reference 10, page 12, the top of the

U-bend is 32.19 ft above the tubesheet. Table 10 translates this elevation into a volume of about 2022 fi3
per SG and:

Vi3 3 =4»2022 = 8088 ft’

v
and, m(?c =182 4 5798ES Ibm
Y3 VisGa

and a steam mass of:
Vs = Via
m® =58 1563 _59420E31bm
v54.) Vy.5G.3

Next, masses are calculated for 2 liquid level just up to the bottom narrow range tap. From Table 10, using
the tap elevation from above:

Zyy, =36.40 R
and V{Z%; ; =2577¢4 =1.0308E4 R’

resulting in a mass:

3)

. \
m®  =.1393 _ 5 8369E5 Ibm
15G3

£ % a E'_i/‘ &/ FHor- -
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and a steam mass of:

Vi - V&
=56 __"LSG3 _ 69902E31bm —
Vv,SG,J

m®
v3G}

Finally, (4) SG level measuring 39% on the narrow range scale is used (see Mode 2 calculation):
Vi 5 =V, 562 =13157E4 13 -~

resulting in a mass:

v@
mtY =63 _74502E51bm .~

R OY Y%
and a steam mass of:
Vg — Vi
m® =36 4863 - 69104E31bm
v5G3 VV,SG,3

The saturated liquid and vapor specific intémal energy (per ASME steam tables) at the saturation pressure
are:

ul,SG,J =290.le/lbm -~
Uyses =1103.7BTU/Ibm —

The Mode 3 SG secondary internal energy is calculated as follows:

Usga =Mysg3 *Ujs63 +Mys63 * Uvsos
U® s =12170E8BTU —

U35 =1.4085E8BTU
U, =1.7682E8BTU
U3, =2.2298E8BTU

,%2&/‘ {7/0
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Reference 11, Table M1

Table 10
SG Volume vs Height Above Tubesheet

RSG height. #t Yolume, #3
.- - . 0- - 0
167 96.8
541 314.48
9.16 ~_ 532.17
_ 1291 | 749385
16.65 967.53
T204 7T MiEs2T
o 2449 | 142238
27.05 160923 |
2062 1797.2
.. 8219 2022.11
35.04 2397
35.54 2467.9
3574 | 24768
38.71 2028.1
4167 T 33793
4633 " T 4098.89
5476 " | 539581
5828 57582

L
&7/ 02
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4.4 MFW Line Fluid Internal Energy Calculation

The fluid in the main feedwater (MFW) pipe from the auxiliary feedwater entry to the steam generator must
also be included in this calculation. From Table 3, the fluid volume in the MFW pipe:

Vvrw =2573908°

Using an initial MFW temperature of 435 F and a pressure of 919 psia the ASME steam table gives the
following value for specific volume and intemnal energy:

Vagw; = 00190883 /1bm

Uppw; =4106 BTU/Ibm

The mass of the MFW fluid is, then:

My =M _ 1 3400E4 Iom —
VMFw,i

Using a Mode 2 initial MFW temperature of 100 F and a pressure of 900.4 psia the ASME steam table
gives the following value for specific volume and internal energy:

100 _ 3
v ‘1—0.0160911 /ibm &~
100 _4100 _
h R —hAN—70.37BTU/lbm -
e _
U e =67.69BTU/Ibm -

The mass of the MFW fluid is, then:

100 Vmrw _ . —
Mmoo -T-l.5997£4]bm

MFW,2

Using a Mode 2 initial MFW temperature of 120 F and a pressure of 900.4 psia the ASME steam table
gives the following value for specific volume and internal en ergy:

Vi, =0.01616 % /1bm

MFW,
hio,, =h'% =9026 BTU/Ibm
ul® =§757BTU/Ibm

The mass of the MFW fluid is, then:

Vv
120 _ VMrwW _
my s =0 =1.5928E4bm

MFW.1

Since the mass and energy of the MFW line fluid in Mode 2 is associated with the AFW fluid, it will not
change significantly for Mode 3:

&ﬁ/ &'7/0 2L
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m'® sm'® =1.5997E4 Jbm

MW MW
ulo | mule  =67.69 BTU/Ibm
mi;,, &M =15928E4 lbm
wi  =ul?  =87.57BTU/Ibm

and the internal energy of the MFW fluid can be calculated for each operational mode:

Unrw;j = Myew; * Uppw; =S5.5390E6 BTU  —

UR  =m% »u!® -10828E6BTU

MFwW,2 Mrw,2 MEW,

y'ze 120 y!? 1394886 BTU -
MFW,1

=m
MFW.2 Mrw.2

00 oo _
U s Umm =1.0828E6 BTU

MIW3

120 yq120  _
U = U =]1.3948E6 BTU _

MW,) Mrw.a

&/F/ 2.

-
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5.1 Calculation of RCS Makeup Addition

The RCS fluid shrinks in plant cool-down process. Shrinkage is offset by the chemical and volume control
system. Makeup fluid is added to the RCS from the volume control tank by centrifugal charging pumps.
The amount of makeup fluid needed to balance RCS fluid shrinkage is calculated in this section.

The initial RCS mass (minus the pressurizer and surge line) is taken from Section 3.1:
Mpes; =4.74837ESIbm  ~~
The initial pressurizer mass was determined in Section 3.4:

my . =4.1832E41bm -
m, g, =4.7937E31bm
My i =My g + My o = 4.6626E4 Ibm o

With a combined initial RCS mass of:
Mpesepa =52146ES lbm —~
The Mode 2 RCS mass (minus the pressurizer and surge line) is taken from Section 3.2:
Mpcsy =4.97498E5 Ibm . —
The Mode 2 pressurizer mass was determined in Section 3.4

M2 =2.0155E4 bm -
My 502 =8.5199E3 Ibm —

Mpzy =My gpr g +My oy 2 =2.8675E4 Ibm  —
With a combined Mode 2 RCS mass of:
Mpesepm2 =5-2617E5 Ibm —
The Mode 3 RCS mass (minus the pressurizer and surge line) is taken from Section 3.3:
Mgesy =5.94118E5 Ibm —
The Mode 3 pressurizer mass was determined in Section 3.4:

m,'pz,.;, =2.8141E41bm .~
My ;o = L1371E3Ibm
My =My s 410, 3 =2.9278E4 bm =

With a combined Mode 3 RCS mass of:

Mgcsypms =623396ES Ibm

/&)ﬁf &0
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The mass of makeup required to transition from initial, full power, operation to Mode 2 conditions and the
mass of makeup required to go from initial to Mode 3 conditions:

Muskeup,isz = MRrEsspzr2 = Mypcsipr; = 4.7107E3 Ibm
) W makeop,i~»3 = MRCS+pzr,3 ~MResipag = 1.0193E5 Ibm

»zgﬂl’i\f &2/02_
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5.2 Calculation of Net Secandary Mass Addition

The Secondary fluid shrinks in plant cool-down process. Respective operational states dictate the net (mass
added by auxiliary feedwater minus mass steamed off to the steam dump, atmospheric relief valves, or
safeties. Shrinkage is offset by the auxiliary feedwater system. Feedwater is added to the SG secondary
from the condensate storage tank by auxiliary feedwater pumps. The net amount of fluid needed to balance
SG secondary fluid shrinkage is calculated in this section.

The initial SG mass is taken from Sections 4.1 and 4.4:

m;sg; = 3.9104E51bm
My sq; =7.2190E4Ibm
Mpry; = 1.3490E4 Ibm
Msg; =MysG; + My 565 + Mpgw; =4 T672ES5 Ibm

The Mode 2 SG mass is taken from Sections 4.2 and 4.4 (note that the assumption on AFW temperature has
an insignificant effect on the SG secondary mass):

m, 562 = 6.0837E4 Ibm
m'®  =1.5997E41bm
Mrw,1

mSG.z = mwc_z + mv'sG.z + mif;.w': = 6.9657E5 lbm

The net fluid addition to the secondary is simply the difference between the Mode 2 and the initial

secondary mass:

L Amsoj_,z = msc'z —-mscj =2.1985E5 Ibm j

The Mode 3 SG mass is taken from Section 4.3 and 4.4. For the case (1) utilizing equivalent initial liquid
mass:

m®  =3.9104ES Ibm
%3Gy

m®  =7.4826E31bm
v5G,)

m,,, =1.5997E41bm

MNFW,
m® =m® em® ! - 41452ES Ibm
5G3 1503 ¥5G1 MFW.3

The net fluid addition to the secondary is equivalent to the difference between the Mode 3 and the inital
sccondary mass. For this case,

Am® =m® _me. =-62200E41bm

53,i-) 5G.3

The negative sign indicates a net-negative mass, more was steamed in the transition that was added by
auxiliary feedwater.

The Mode 3 SG mass is taken from Section 4.3. For the tase assuming (2) liquid mass just covering the

tube bundle:
,e%’z —7 &3/
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m?  =45798ES ibm
[R.75 ]

m?  =7.2420E31bm
v5GC3

m'°°J =1.5997E41bm

Mrw,

m® =@ L@ L qie , =4.8122E5 Ibm

56,3 1503 vi6,3 MFW,

The net fluid addition to the secondary is equivalent to the difference between the Mode 3 and the initial
secondary mass. For this case,

Amz)H = mg:)! —Mgg; =4.500E3 Ibm

3]

The Mode 3 SG mass is taken from Section 4.3. For the case assuming (3) a secondary liquid level that is
Jjust on the narrow range scale, NR level = 0.0%:

m®  =58369E5 Ibm
1.5G 3
m®  =67902E3Ibm
80,3
m'®  =1.5997E41bm

MEW.S
m® =m® 1;m® L ;,!® - 60648ES Ibm
563 156 v352 Mrwa

The net fluid addition to the secondary is equivalent to the difference between the Mode 3 and the initial
sccondary mass. For this case,

am®  =m® _mg =12976ES Ibm

3G,1-+1

The Mode 3 SG mass is taken from Section 4.3. For the case assuming (3) a secondary liquid level
measures 39% on the narrow range scale:

m®  =7.4502E5 Ibm

Lsay

m®  =62104E3 Ibm

v,5G,3

m'®  =1.5997E41bm

wwa

m =m® @ L™ 7672365 Ibm
503 1506, v36.3 MEwa

The net fluid addition to the secondary is equivalent to the difference between the Mode 3 and the initial
secondary mass. For this case,

Am® =m® _mg.=29051ES Ibm
5G1-) $G))

2@2”’5// &/7/0 2.
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6.1 Decay Heat Calculation - 1994 Standard

The first step in calculating decay heat using the 1994 standard is to determine the decay heat power, in
(MeVi/sec)/(fission/sec), for each of the fissile isotopes. The general formula for determining decay heat
power follows, from Reference 12, Tables 9, 10, 11, and 12 for 2*U, 2°py, 2%, 21py independently:

) .
) F(t,T)= 3 2 exp(-2)l1 - exp(=A, )
=1 Mi

where,

» t =time after reactor trip, seconds
* T =operational time, seconds

The coefficients (ci's and A's) are defined in Reference 12, Tables 9, 10, 11, and 12. The footnote to these
tables indicate that:

@) F(t,0) =F(t,107)

The Simplified Method for Determining Decay Heat Power and Uncertainty, Section 3.6 of Reference 12,
is used in this document to estimate decay heat. To calculate the fractional decay heat is generated with the
following equation:

P'd (t’ T) . [anx (t! w) - Fmin (t +T, CD)]
P Q

&)

where,

Frmax(t,0) = the largest value of F(t, o) for the specific post shutdown time of all of the fissile isotopes.
Funip(t+T, =) = the smallest value of F(t, «) for the specific time = shutdown time + operational time
(t+T) of all of the fissile isotopes.

* Qisthcenergy of one fission of the U isotope =202.2 +/-0.5 = 201.7 Me V/fission (minimum value
yields the highest decay heat).

The decay heat power for each fissile isotope is calculated using Equations (1) and (2) and is shown in
Table 11 in the columns labeted F(t,inf) for a range of post-trip times. Table 11 also contains the decay
heat power at post-trip time plus operational time (3 - 18 month fuel cycles):

) T=3%1.5%365 days* 24 hr/day* 3600 s/hr =1.42E8 seconds

for each isotope in columns labeled F(t4T,inf).

The data points at 8 hours (2.88E4 sec) and 18 months are boldfaced in Table 11. In addition, Table 11
indicates the F,,,, and F;, values needed for Equation (3) with bold borders. Note that the Fp,, term is
identified with ©*U for the first 300 seconds following reactor trip and U23S, thereafter. The F_y, term is
identificd with **'Pu.

Fractional decay heat power is calculated using Equation 3 at cach time. Maximum and minimum values
of isotopic decay heat power are taken from Table 11. Table 12 shows the fractional decay heat power in
the column labeled P'/P,,,,.

The fractional decay heat power calculated with Equation 3 has not been corrected to account for neutron
capture in fission products. The 1994 standard accounts for neutron capture using a tabulated multiplier:

&) g BLT)=P'(t, TOG()
/%.@QZJ ¢/#/oz &7
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where,
¢ P(1,T)is defined above
®  G(t) is taken from Table 13 of Reference 12.

Table 12 shows the ncutron capture correction factor in the column labeled G. The fractional decay heat,
corrected for neutron capture of fission products, is included in Table 12 in the column labeled P/Pmax.

Table 13 is the final worksheet for the calculation of decay heat using the 1994 standard. The table begins
with time following reactor trip and P/Pmax from Table 12. Next, the uncertainty in the decay heat is
calculated.

The uncertainty associated with the 1994 decay heat standard, simplified method, is calculated with the
following equation (see Page 5 of Reference 12):

2
APd - APmax (Aan )2 +(Ame )2
© P, “J[ P.w] e

where,

APpo/Pruy = the uncertainty in Py, (calorimetric uncertainty)
AF . = the uncertainty in isotopic decay heat power associated with the calculation of Foaux(t,20) above.,
AFpiy = the uncertainty in isotopic decay heat power associated with the calculation of Fpu(t+T,) above,

Note from above that the isotope associated with maximum decay heat power from 0 to 300 seconds is 2*U
and over 300 seconds, the *'*U isotope dominates. As a function of time, the one-sigma uncertainties for
these two jsotopes are taken from Reference 12, Tables 7 and 5, respectively, They are listed in Table 13
under the dFmax heading.

AFy;, is effectively eguivalent to the uncertainty of the minimum decay heat power produced (which
happens to be by the **'Pu isotope -see Table 2) at time equivalent to T. Since we are examining only the
first 8 hours (t <2.88E4 seconds), any interpolation to account for the t+T term would make no significant
difference, given the very coarse time interval in the data tables at T (= 1.42E8 seconds), That is,

AFpiy = 7.882E-3 MeV/fission, one-sigma, from Table 8 of Reference 12.

Since the AF's are one sigma, they are doubled to cover the 95 percentile in uncertainty, Anexample of a
calculation of uncertainty, using Equation (6) for the 0.1 second data point (sce Table 13):

2
AR _ J(AP,,“,J L BF ) (;(AF,,,,,, Y _ me% (221.330F +(2+7.883E-3) - L496E~2

Py Prax (201.2)

The uncertainties are calculated as a function of time and entered into Table 13 under the heading uncert.
The decay heat, accounting for uncertainty is simply:

P Py AP,
(10) = (1+——-J
Prnax Pm Pd

and is listed in the column under the DH w/uncert header in Table 13.

Decay heat with uncertainty, generated with the 1994 decay heat standard is integrated and presented under
the heading Integral (fraction-second) in Table 13.

ALIZA often :
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An applicable two-group model for actinides is found in Reference 13 (sec page 13):

an Dt p et 4 A g
szx

where, the appropriate values for the core are:
A1 =0.001615

A2 =0.001455

4, =0.000491

A2=0.00000341

Table 14 shows the calculation of relative actinide power, using Equation 11. Actinide power, calculated
with the above rclationship is meant for application in LOCA analysis and bounds measurement with no
additional application of uncertainty, Actinide power is, however, adjusted by the calorimetric error,
multiplied by 1,007, and integrated. The integral of the error-adjusted actinide power is included in Table
14.

The total decay heat generated in the fuel can now be determined. The up-rated core thermal power, Py,
is 3455 MWth or:

P, =3.2769E6 BTU /s

The combined decay heat and actinide relative power at 2 hours (Mode 2) and 8 hours (Mode 3) is taken
from Tables 13 and 14:

At 2 hours:

l

Qi2 =(108.55+13.7)+ 3.2769E6 = 4.0060E8 BTU —j

At 8 hours:

|

Qi3 =(291.37 + 43.6) # 3.2769E6 = 1.0977E9 BTU j

ikl
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Table 11
- 1994 Decay Heat Standard {12)
Isotopic Decay Heat Power
time E(t.infmss Etinf)poy3y F(t.inDozss E(tin0pe | FUTin0ens | EGETin0p0e | F+Tdny, EQ+TinDp,y
0.00E+00 | 1345E+01 1.093E+01 1.686E+01 1322E+01 1.129E-01 8.587E-02 B.641E-02 7.750E-02
1.00E-01 1.331E+01 1.085E+01 1.657E+01 1.307E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
2.00E-01 1318E+01 1.077E+01 1.631E+01 1.294E+01 1.129E-01 8.587E-02 3.641E-02 7.750E-02
3.00E-01 1.306E+01 1.070E+01 1.607E+01 1.282E+01 1.129-01 8.587E-02 8.641E-02 7.750E-02
4.00E-01 1.295E+01 1.063E+01 1.585E401 1.271E+01 1,129E-01 8.587E-02 8.641E-02 7.750E-02
5.00E-01 1.284E+01 1.057E+01 1.565E+01 1.260E+01 1.129E-0]1 8.587E-02 8.641E-02 7.750E-02
6.00E-01 1.274E+01 1.050E+01 1.546E+401 1.250E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
7.00E-01 1.264E+401 1.044E+0] 1.529E+01 1.240E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
8.00E-01 1.255E401 1.038EH01 1.512E+01 1.231E+01 1,129E-01 8.587E-02 8.641E-02 7.750E-02
9.00E-01 1.246E+01 1.033E+01 1.497E+0] 1.222E+H01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
1.00E+00 | 1.238E+01 1.027E+01 1.482E401 1.214E+01 1.129E-01 3.587E-02 8.641E-02 7.750E-02
1.20E+00 | 1.222E+01 1.017E+01 1.455E+01 1.193E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
1.40E+00 | 1.208E+01 1.,008E+01 1.430E+0] 1.183E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
1.50E+00 | 1.201E+01 1.003E+01 1.418E+01 1.176E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
1.60E+00 | 1.194E+01 9.987E+00 1.407E+H01 1,169E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
1.80E+00 | 1.182E+01 9.902E+00 1.386E+01 1.156E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
2.00E+00 | 1.170E+01 9.822E+00 1.367E+01 1.144E+01 1.129E01 8.587E-02 8.641E-02 7.750E-02
2.20E+00 | 1.159E+01 9.747E+00 1349E+01 1.133E301 1.129E-01 8.587E-02 8.641E-02 7.750E-02
2.40E+00 | 1.149E+01 9.676E+00 1.332E+01 1,122EH1 1,129E-01 8.587E-02 8.641E-02 7.750E-02
" 30E+00 | I.140E401 9.608EH)0 1.316E+01 1.112E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
<.80E+00 | 1.130E+01 9.543E+00 1.302E+01 1.102E401 1.129E-01 8.587E-02 8.641E-02 7.750E-02
3.00E+00 1,122E+01 9.482E+00 1288E+01 1.093E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
3.20E+00 | 1.113E301 9.423E+00 1.275E+)] 1.084E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
3.40E4+00 | 1.106E+01 9.367E+00 1.262E401 1.076E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
3.60E+00 | 1.098E+01 9.314E+00 1251E+01 1.068E+01 1.129E-01 8.587E-02 3.641E-02 7.750E-02
3.R0E+00 | 1.091E+01 9.262E+00 1.240E+H)1 1.060E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
4.00E+00 [ 1.034E+01 9.213E+00 1,229E+01 1.053E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
420E+400 | 1.077E+01 9.165E+00 1.219E+01 1.046E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
4.40E+00 | 1.071E+01 9.119E+00 1.209E+01 1.039E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
4.60EH00 1,064E+01 9.075E+00 1.200E+01 1.032E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
4.830E+00 | 1.058E+01 9.032E300 1.191E+01 1.026E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
S.00E+00 | 1.053E+01 8.990E+00 1.182E+01 1.020E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
5.20E+00 1.047E+01 8.950E+00 1.174E401 1.014E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
5.40E+00 | 1.042E+01 B.911E+00 1.166E+01 .1.008E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
S.60E+00 | 1.036E+01 8.874EH00 1.159E+01 1.003E+01 1.129E-01 8.587E-02 8.641E-02 7.750E-02
5.80E+00 { 1.031E+01 8 837EH)0 1.151E+01 9.978E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
6.00E+00 | 1.026E+01 8.802E+00 1.144E+01 9.927E+00 1L.129E-0] 8.587E-02 8.641E-02 7.750E-02
6.20E+H00 | 1.021E+01 B.767TE+00 1.137E+01 9.877EH00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
6.40E+00 | 1.017E+01 8.734E+00 1.131E+01 9.829EH0 1.129E-01 8.587E-02 8.641E-02 7.750E-02
6.60E+00 | 1.012E+01 8.701E+00 1.124E+01 9.783EH)0 1.129E-01 8.587E-02 8.641E-02 7.750E-02
6.80E+00 | 1.008E+01 8.669E+00D 1.118E+01 9.738E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
7.00E+00 | 1.003E+01 8.638E+00 1.112E+01 9.694E+00 1,129E-01 8.587E-02 8.641E-02 7.750E-02
720E+00 | 9.992E+00 8.608E+00 1.106E+01 9.651E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
6 A‘%} z
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Table 11

1994 Decay Heat Standard [12]
Isotopic Decay Heat Power

time E(tinDzs inf)puayy Eft.info Etinlpan | FOELIRDmys | F(HTd00p.00 T.infyzss wd 1) )OO
7.40E+00 9.951E+00 8.578E+00 1.101E+401 9.609E+00 1.129E-0} 8.587E-02 8.641E-02 7.750E-02
7.60E+00 9911E+00 8.550E+00 1.095E+01 9.569E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
7.80E4+00 9.872E+00 8.521E+00 1.090E+01 9,529E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
8.00E+00 9.834E+00 8.494E+00 1.085E+01 9.490E+00 1.129E-01 3.587E-02 8.641E-02 7.750E-02
8.20E+00 8.796E+00 8.467E+00 1.079E+01 9.453EH00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
8.40E+00 9.760E+00 B 441E+00 1.074E+0) 9.416E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
8.60E+00 9.725E+00 B.415E+00 1.070E+01 9.380E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
8.80E+00 9.690E+00 8.390E+H00 1.065E+01 9.345E+00 1.129E-01 3.587E-02 8.641E-02 7.750E-02
9,00E+00 9.656E+00 8.365E+00 1.060E+01 9.311E+00 1.129E-01 8.587E-02 8.641E.02 7.750E-02
920E+00 9.623E+00 8.341E+00 1.056E+01 9.277E+400 1.129E-01 8.587E-02 8.641E-02 7.750E-02
9.40E+00 9.590E+00 8.318E+00 1.051E401 9.244E4+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
9.60E400 9.558E+00 8.294E+00 1.047E+01 9.212E+H)0 1.129E-01 8.587E-02 8.641E-02 7.750E-02
9.80E+00 9.527E4+00 8.272E+400 1.043E+0] 9.181E+00 1.129E.01 8.587E-02 8.641E-02 7.750E-02
1.00E+01 9.497E+00 8250E+00 1.039E+01 9.1S0E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
1.50E+01 8.886E+00 7.801E+00 9.588E+00 8.534E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
2.00E+01 3.460E+00 7483E+00 9.052E+00 8.102E400 1.129E-01 8.587E-02 8.641E-02 7.750E-02
4,00E+01 T463E+00 6.713E+00 7.853E+00 7.079E+00 1.129E-01 8.587E-02 8.641E-02 71.750E-02
6.00E+01 6.892E+00 6.257E+00 7.191E+00 6.498E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
8.00E+01 6.497E+00 5.935E+00 6.735E+00 6.097E1+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02

| 1.OOE+02 6.202E+00 5.691E+00 6.392E+00 5.798E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02

YOEH)2 5.700E+4+00 5.268E+00 5.808E+00 5.297E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
~.00E+02 5.373E+00 4.988E+00 5.433E+00 4.979E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
3.00E+02 4.950E100 4,618E+00 4.958EH00 4 573E100 1.129E-01 8.587E-02 8 641E-02 7.750E-02
400E+02] 4.671E+00 | 4363E+00 | 4643E+00 | 4302E+00 | 1129E-01 | 8387602 | 8641502 | 7750503
6.00E+02 4287E+00 3.995E+00 4.232E+00 3.926E+00 1.129E-01 8.587E-02 8.641E-02 7.750E-02
8.00E+02 4,013E+00 3.733E+4+00 3.944E4100 3.657EH0 1.129E-01 8.587E-02 8.641E-02 7.7S0E-02
1.00E+03 3.799E+00 3.522E+00 3.719E400 3.446E+00 1.129E-0] 8.587E-02 8.641E-02 7.750E-02
1.50E+H03 3.411E+00 3.134E+)0 3.306E+00 3.063E+00 1.129E-01 8.587E-02 8.641E-02 7.749E-02
2.00E+03 3.140E+00 2.864E+00 3.020E+00 2.797E+00 1.129E-01 8.587E-02 8.641E-02 7.749E-02
3.60E+03 2.623E+00 2.361E+00 2.495E+00 2.297E+00 1.129E-01 8.587E-02 8.641E-02 7.749E-02
4.00E+03 2.533E+00 2.282E+00 2.411E+00 2217E400 1.129E-01 8.587E-02 3.641E-02 7.749E-02
6.00E+03 2.238E+00 2.009E+00 2.118E4+00 1.940E+00 1.129E-01 8.587E-02 8.641E-02 7.749E-02
720E+03 2.116E+00 1.902E+00 2.001E+00 1.831E+00 1.129E-01 8.587E-02 B.641E-02 7.749E-02
8.00E+03 2.048E+00 1.845E+00 1.937E+00 1.772E+00 1.129E-01 B.587E-02 8.641E-02 7.749E-02
1.00E+04 1.912E+00 1.733E+00 1.809E+00 1.657E+00 1.129E-01 8.587E-02 3.640E-02 7.749E-02

1.50E+04 1.683E+00 1.554E+00 1.602E+00 1.475E+00 1.129E-01 8.587E-02 B.640E-02 7.748E-02
2.00E+04 1.549E+00 1.443E+00 1.473E+00 1.368E+00 1.129E-01 8.587E-02 8.640E-02 7.749E-02
2.38E+04 1.390E+00 1.317E+00 1328E+H00 1.252E+00 1.129E-01 8.587E-02 8.640E-02 T.749E-02
6.00E+04 1.121E+00 LLOS7E+((Q 1.080E+00 1.045E+00 1.129E-01 B.586E-02 B.640E-02 7.748E-02
8.00E+04 1.033E+00 1.006E+00 9.970E-01 9.707E-01 1.129E-01 8.586E-02 B.640E-02 7.748E-02
8.64E+04 1.012E+00 9.856E-01 9.761E-01 9.519E-01 1.129E-01 8.586E-02 8.639E-02 7.748E-02
1.00E+05 9.729E-01 9.482E-01 9.378E-01 9.173E-01 1.129E-01 8.586E-02 8.639E-02 7.748E-02
1.50E+05 8.772E-01 8.541E-01 8.421E-01 8.298E-01 1.129E-01 8.585E-02 8.639E-02 7.747E-02
2.00E+05 8.191E-01 7.951E-01 7.8327E-01 7.743E-01 1.129E-01 8.584E-02 8.638E-02 7.746E-02
7~
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32-5014532-00
Table 11
< 1994 Decay Heat Standard {12]
Isotopic Decay Heat Power
time Ftinfsss F(tinDeyass F{tinDys FltinDysg | FOELIN s | FOHTNDpre | FOUTI000s, F+TidnNpae
4.00E+05 7.012E-01 6.695E-01 6.595E-01 6.559E-01 1.129E-01 8.581E-02 8.635E-02 7.742E-02
6.00E+40S 6.368E-01 6.005E-01 5.915E-01 5.907E-01 1.129E-01 8.578E-02 8.633E-02 7.739E-02
8.00E+05 | 5.906E-01 5.523E-01 5.437E-01 5.450E-01 1.128E-01 8.575E-02 8.630E-02 7.735E-02
1.00EH06 | 5.547E-01 5.157E-01 5.074E-01 5.102E-01 1.128E-01 8.572E-02 8.627E-02 7.732E-02
1.50EH06 | 4.904E-01 4.525E-01 4.441E-01 4.497E-01 1.128E-01 8.564E-02 8.621E-02 7.723E-02
2.00EH06 | 4.463E-01 4.107E-01 4.019E-01 4.093E-01 1.127E-01 8,557E-02 8.614E-02 7.714E-02
4.00E+06 § 3.494E-01 3.223E-01 3.118E-01 3.235E-01 1.124E-01 8.527E-02 8.589E-02 7.680E-02
6.00E+06 | 3.020E-01 2.802E-01 2.683E-01 2.832E-01 1,122E-01 8.498E-02 8.563E-02 7.647E-02
8.00E+H06 | 2.717E-01 2.537E-01 2.410E-01 2.582E-01 1.119E-01 8.470E-02 8.539E-02 7.615E-02
1.00E+07 ] 2.494E-01 2342E-01 2211E-0] 2.398E-01 1.117E-01 8.443E-02 8.515E-02 7.584E-02
1.42E+08 1.125E-01 8.587E-02 8.641E-02 7.750E-02 1.002E-01 7.435E-02 7.539E-02 6.527E-92
—

72



SQN CONDENSATE VOLUME REQUIREMENT VERIFICATION

Table 12
1994 Decay Heat Standard [12]
Fractional Decay Heat Power

time

P'/Ppss

G

PP pux

0.00E+)0

8.341E-02

1.020

8.508E-02

1.00E-01

8.196E-02

1.020

8.360E-02

2 00E-01

8.066E-02

1.020

8.228E-02

3.00E-01

7.948E-02

1.020

8.107E-02

4.00E-01

7.840E-02

1.020

7.997E-02

S5.00E-01

7.740E-02

1.020

7.89SE-D2

6.00E-01

7.647E-02

1.020

7.800E-02

7.00E-01

7.559E-02

1.020

7.711E-02

8.00E-01

7.477E-02

1.020

7.627E-02

9.00E-01

7.400E-02

1.020

7.548E-02

1.00E+00

7.327E-02

1,020

7473E-02

1.20E+00

7.191E-02

1.020

7.335E-02

1.40E+00

7.068E-02

1.020

71.209E-02

1.50E+00

7.010E-02

1.020

7.150E-02

1.60E+00

6.955E-02

1.020

7.094E-02

1.80E+00

6.851E-02

1.020

6.988E-02

2.00E+H0

6.755E-02

1.020

6.890E-02

2.20E+00

6.666E-02

1.020

6.800E-02

2.40E+00

6.583E-02

1.020

6.716E-02

2.60E+00

6.505E-02

1.020

6.637E-02

2.80E+00

6.432E-02

1.020

6.563E-02

3.00E+D0

6.363E-02

1.021

6.493E-02

3.20E+00

6.298E-02

1.021

6.427E-02

3.40E+00

6.236E-02

1.021

6.365E-02

3.60E+00

6.178E-02

1.021

6.306E-02

3.80E+00

6.122E-02

1.021

6.250E-02

4.00E+00

6 069E-02

1.021

6.197E-02

4.20E+00

6.019E-02

1.021

6.146E-02

4.40E+00

5.971E-02

1.021

6.097E-02

4.60EH00

5.925E-02

1.021

6.051E-02

4.80E+00

5.880E-02

1.021

6.006E-02

5.00E+00

5.838E-02

1.022

5.964E-02

5.20E+00

5.797E-02

1.022

5.923E-02

5.40E+00

5.758E-02

1.022

5.883E-02

5.60E+00

5.720E-02

1.022

5.845E-02

5.80E+00

5 684E-02

1.022

5.808E-02

6.00E+00

5.649E-02

1.022

3.773E-02

6.20E+00

S3.615E-02

1.022

5.738E-02

6.40E+00

5.582E-02

1.022

5.705E-02

6 60E+00

5.550E-02

1.022

3.672E-02

6.80E+00

3.519E-02

1.022

5.641E-02

7.00E+00

5.489E-02

1.022

5.610E-02

7.20E+00

5.460E-02

1.022

5.580E-02

7.40E+00

5.432E-02

1.022

5.551E-02

/302

32-5014532-00
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Table 12
1994 Decay Heat Standard [12]
Fractional Decay Heat Power

time

) f ) -

G

PP,

7.60E+00

5.404E-02

1.022

5.523E-02

7.80E+00

5.378E-02

1.022

5.496E-02

8.00E+00

5.352E-02

1,022

5.469E-02

8.20E+00

5.326E-02

1.022

5.444E-02

8.40E+00

5.302E-02

1.022

5.418E-02

8.60E300

5.278E-02

1.022

5.394E-02

8.80E+00

5254E-02

1.022

5.370E-02

9.00E+00

5.231E-02

1.022

5.347E-02

9.20E+00

5.209E-02

1.022

5.324E-02

9.40E+00

5.187E-02

1.022

5.301E-02

9.60EH00

5.166E-02

1.022

5.280E-02

9.80E+00

5.145E-02

1.022

5.258E-02

1.00E+01

5.125E-02

1.022

5.238E-02

1.50E+01

4.727E-02

1.022

4.831E-02

2.00E+H01

4.461E-02

1.022

4.559E-02

4.00E+01]

3.865E-02

1.022

3.950E-02

6.00E+01

3.536E-02

1.022

3.613E-02

8.00E+01

3.309E-02

1.022

3.382E-02

1.00E+02

3.139E-02

1.023

3211E-02

1.50E+02

2.848E-02

1.024

2.916E-02

2.00E+02

2.662E-02

1.025

2.728E-02

3.00E+02

2426E-02

1.027

2490E-02

4.00E+02

2.283E-02

1.028

2.347E-02

6.00E+02

2.092E-02

1.030

2.155E-02

8.00E+02

1.956E-02

1.032

2.019E-02

1.00E+03

1.850E-02

1.033

1.911E-02

1.50E+03

1.657E-02

1.037

1.718E-02

2.00E+03

1.522E-02

1.039

1.582E-02

3.60E+03

1.265E-02

1.046

1.324E-02

4.00E+03

1.223E-02

1.048

1,282E-02

6.00E+03

1.074E-02

1.054

1.132E-02

720E+03

1.013E-02

1.058

1.071E-02

8.00E+03

9.795E-03

1.060

1.038E-02

1.00E+04

9.118E-03

1.064

9.701E-03

1.50E+04

8.006E-03

1.074

8.598E-03

2.00E+04

7.311E-03

1.081

7.903E-03

2.88E+04

6.526E-03

1.088

7.103E-03

6.00E+04

5.184E-03

1.111

5.760E-03

8.00E+04

4.751E-03

1.119

5.316E-03

8.64E+04

4.644E-03

1,121

5.204E-03

1.00EH05

4.450E-03

1.124

5.002E-03

1.50E+05

3.975E-03

1.130

4.491E-03

2.00E+05

3.686E-03

1.131

4.169E-03

4.00E+05

3.101E-03

1.126

3.491E-03

/%W ¢/7/52

32-5014532-00
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Table 12
1994 Decay Heat Standard [12]
Fractional Decay Heat Power

time

P'/P

G

P/Po.,

, 6.00E+05

2.780E-03

1.124

3.125E-03

8.00E+05

2.551E-03

1.123

2.865E-03

1.00E+06

2.372E-03

1.124

2.667E-03

1.50E+06

2.053E-03

1.125

2.310E-03

2.00E+06

1.835E-03

1.127

2.068E-03

4.00E+06

1.355E-03

1.134

1.537E-03

6.00E+06

1.121E-03

1.146

1.285E-03

8.00E+06

9.721E-04

1.162

1.130E-03

1.00E+07

8.625E-04

1.181

1.019E-03

1.42E+08

2.370E-04

1.514

3.588E-04

32-5014532-00
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Table 13
1994 Decay Heat Standard [12]

Integral.

time ) J1 4 OF e uncert |DH w/uncert| (fraction-
second)
0.00E+00 | 8.508E-02 | 1.330E+00| 1.496E-02 | 8.635E-02 0.00
1.00E-01 | 8.360E-02 | 1.330E+00| 1.496E-02| 8.485E-02 0.01
2.00E-01 | 8228E-02 | 1.330E+00| 1.496E-02| 8.351E-02 0.02
3.00E-01 | 8.107E-02 | 1.330E+00] 1.496E-02| 8.229E-02 0.03
4.00E-01 | 7.997E-02 | 1.330E+00) 1.496E-02| 8.116E-02 0.03
5,00E-01 | 7.895E-02 | 1.330E+00| 1.496E-02| 8.013E-02 0.04
6.00E-01 | 7.800E-02 | 1.330E+00| 1.496E-02{ 7.916E-02 0.05
7.00E-01 | 7.711E-02 | 1.330E+00) 1.496E-02 | 7.826E-02 0.06
8.00E-01 [7.627E-02 | 1.330E+00| 1.496E-02| 7.741E-02 0.07
9.00E-01 | 7.548E-02 | 1.330E+00| 1.496E-02 | 7.661E-02 0.07
1.00E+00 | 7.473E-02 | 1,330E+00| 1.496E-02 | 7.585E-02 0.08
1.20E+00 | 7.335E-02 | 1.282E+00| 1.454E-02 | 7.442E-02 0.10
1.40E+00 | 7.209E-02 | 1.234E+00) 1.412E-02| 7.311E-02 0.11
1.50E+00 | 7.150E-02 | 1.210E+00{ 1.392E-02 | 7.250E-02 0.12
1.60E+00 | 7.094E-02 | 1.190E+00] 1.37SE-02| 7.192E-02 0.12
1.80E+00 | 6.988B-02 | 1.150E+00( 1.340E-02 [ 7.082E-02 0.14
2.00E+00 | 6.890E-02 | 1.110E+00] 1.307E-02| 6.980E-02 0.15
2.20E+00 | 6.800E-02 | 1,085E+00] 1.286E-02| 6.887E-02 0.17
2.40E+00 | 6.716E-02 | 1.060E+00| 1.265E-02 | 6.301E-02 0.18
2.60E+00 | 6.637E-02 | 1.035E+00| 1.244E-02 | 6.71SE-02 0.19
2.80E+00 | 6.563E-02 | 1.010E+00| 1.224E-02| 6.643E-02 021
3.00E+00 | 6.493E-02 | 9.850E-01 | 1.204E-02| 6.571E-02 022
3.20E+00 | 6.427E-02 | 9.600E-01 | 1.184E-02 | 6.503E-02 0.23
3.40E+00 | 6.365E-02 | 9.350E-01 | 1.164E-02 | 6.439E-02 0.25
3.60E+00 | 6.306E-02 { 9.100E-01 { 1.144E-02 | 6378E-02 026
3.80E+00 | 6 250E-02 | 8.850E-01 | 1.124E-02 | 6.320E-02 0.27
4.00E+00 | 6.197E-02 | 8.600E-01 | 1.105E-02{ 6265E-02 0.28
4.20E+00 | 6.146E-02 | 8.460E-01 | 1.094E-02| 6.213E-02 0.30
4.40E+00 | 6.097E-02 | 8.320E-01 | 1.084E-02 | 6.163E-02 0.31
4.60E+00 | 6.051E-02 | 8.180E-01 | 1.073E-02 | 6.116E-02 0.32
4.80E+00 | 6.006E-02 | B.040E-01 | 1.062E-02 | 6.070E-02 0.33
5.00E+00 | 5.964E-02 | 7.900E-01 | 1.052E-02 | 6.026E-02 0.35
5.20E+00 | 5.923E-02 | 7.760E-01 | 1,042E-02 | $5.984E-02 0.36
5.40E+00 | 5.883E-02 | 7.620E-01 | 1.031E-02| 5.944E-02 0.37
5.60E+00 | 5.845E-02 | 7.480E-01 | 1.021E-02| 5.905E-02 0.38
5.80E+00 | 5.808E-02 | 7.340E-01 | 1.011E-02 | 5.867E-02 0.39
6.00E+00 | 5.773E-02 | 7.200E-01 | 1.001E-02{ 5.831E-02 0.41
6.20E+00 | 5.738E-02 | 7.130E-01 | 9.962E-03 | 5.795E-02 0.42
6.40E+00 | 5 705E-02 | 7.060E-01 | 9.912E-03 | 5.761E-02 0.43
6.60E+00 { 5.672E-02 | 6.990E-01 | 9.863E-03 | 5.728E-02 0.44
6.80E+00 | 5.641E-02 | 6.920E-01 | 9.814E-03| 5.696E-02 0.45
7.00E+00 | 5.610E-02 | 6.850E-01 | 9.766E-03| 5.665E-02 0.46
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Table 13
1994 Decay Heat Standard [12]

Integral
time ) i S, dFa.. uncert |DH w/uncert| (fraction-
second)
7.20E+00 | 5.580E-02 | 6.780E-01 | 9.717E-03 | 5.634E-02 047
7.40E+00 | 5.551E-02 | 6.710E-01 } 9.669E-03 | 5.605E-02 0.49
7.60E+00 | 5.523E-02 | 6.640E-01 | 9.621E-03 | 5.576E-02 0.50
T.80E+00 | 5.496E-02 | 6.570E-01 | .574E-03 | 5.549E-02 0.51
8.00E+00 | 5.469E-02 | 6.500E-01 | 9.526E-03 | 5.522E-02 0.52
8.20E+00 | 5.444E-02 | 6.440E-01 | 9.486E-03 | 5.495E-02 0.53
8.40E+00 | 5.418E-02 | 6.380E-01 | 9.446E-03 | 5.470E-02 0.54
8.60E+00 | 5.394E-02 | 6.320E-01 | 9.406E-03 | 5.445E-02 0.55
$.80E+00 | 5.370E-02 | 6.260E-01 | 9.366E-03 | 5,420E-02 0.56
9.00E+00 | 5.347E-02 | 6.200E-01 | 9.327E-03 | S.396E-02 0.57
920E+00 | 5.324E-02 | 6.140E-01 | 9.287E-03 | 5.373E-02 0.58
9.40E+00 | 5.301E-02 | 6.080E-01 | 9.248E-03 | 5.350E-02 0.59
9.60E+00 | 5.280E-02 | 6.020E-01 | 9.210E-03 | 5.328E-02 0.61
9.80E+00 | 5.258E-02 | 5.960E-01 | 9.171E-03| 5.307E-02 0.62
1.00E+01 | 5.238E-02 | 5.900E-01 | 9.132E-03 | 5.285E-02 0.63
1.50E+01 | 4.831E-02 | 5.270E-01 | 8.743E-03 | 4.873E-02 0.88
2.00E+01 | 4.559E-02 | 4.890E-01 | 8.523E-03] 4.598E-02 1.12
4.00E+01 { 3.950E-02 | 4,160E-01 | 8.131E-03 | 3.982E-02 1.98
6.00E+01 | 3.613E-02 | 3.810E-0} | 7.959E-03 | 3.642E-02 2.74
8.00E+01 | 3.382E-02 | 3.500E-01 | 7.817E-03 | 3.408E-02 3.44
1.00E+02 { 3.211E-02 | 3,320E-01 | 7.739E-03 | 3.236E-02 4.11
1.50E+02 | 2.916E-02 | 2.960E-01 | 7.594E-03 | 2.939E-02 5.65
2.00E+02 | 2.728E-02 | 2,770E-01 | 7.522E-03 | 2.749E-02 7.07
3.00E+02 | 2.490E-02 | 2.545E-01 | 7.444E-03{ 2.509E-02 9.70
4 00E+02 | 2.347E-02 | 8.400E-02 | 7.050E-03 | 2.364E-02 12.14
6.00E+02 | 2.155E-02 | 7.700E-02 { 7.042E-03 | 2.170E-02 16.67
8.00E+02 { 2.019E-02 | 7.200E-02 | 7.037E-03 | 2.033E-02 20.87
1.00E+03 | 1.911E-02 | 6.800E-02 | 7.033E-03 | 1.924E-02 24.83
1.50E+03 | 1.718E-02 | 6,100E-02 | 7 027E-03} 1.730E-02 33,97
2.00E+03 | 1.582E-02 | 5.700E-02 | 7.023E-03 | 1.593E-02 42.28
3.60E403 | 1.324E-02 { 4 820E-02 | 7.017E-03 | 1.333E-02 65.68
4.00E+03 | 1.282E-02 | 4.600E-02 | 7.015E-03 | 1.291E-02 70.93
6.00E+03 | 1.132E-02 | 3.800E-02 | 7.011E-03 | 1.140E-02 95.23
7.20E+03 | 1.071E-02 | 3.620E-02 | 7.010E-03 | 1.079E-02 | 108.55
8.00E+03 | 1.038E-02 | 3.500E-02 | 7.009E-03 | 1.046E-02 117.04
1.00E+04 | 9.701E-03 | 3.300E-02] 7.008E-03 | 9.769E-03 137.27
1.50E+04 | 8.598E-03 | 3.000E-02 | 7.007E-03 | 8.659E-03 183.34
2.00E+04 | 7.903E-03 | 2.800E-02 | 7.006E-03 | 7.959E-03 224.88
2,88E+04 | 7.103E-03 | 2.580E-02 | 7.005E-03 | 7.153E-03 29137
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Table 14
BandW Heavy Actinides [13)
Integral
time Pact/Pmax (raction-
second)
0.00E+00 3.07E-03 0.00E+00
1.00E-01 3.07E-03 3.09E-04
2.00E-01 3.07E-03 6.18E-04
3.00E-01 3.07E-03 9.27E-04
4.00E-01 3.07E-03 1.24E-03
5.00E-0} 3.07E-03 1.55E-03
6.00E-0t 3.07E-03 1.85E-03
7.00E-01 3.07E-03 2.16E-03
8.00E-01 3.07E-03 2.47E-03
9.00E-01 3.07E-03 2.78E-03
1.00E+00 3.07E-03 3.09E-03
120E+00 3.07E-03 3.71E-03
1.40E+00 3.07E-03 4.33E-03
1.50E+00 3.07E-03 4.64E-03
1.60E+00 | 3.07E-03 4.9SE-03
1.80E+00 3.07E-03 5.56E-03
2.00EH00 3.07E-03 6.18E-03
2.20E+00 3.07E-03 6.80E-03
240E+00 | 3.07E-03 7.42E-03
2.60E+00 3.07E-03 8.04E-03
2.80E+00 3.07E-03 8.65E-03
3.00E+00 3.07E-03 9.27E-03
3.20E+00 3.07E-03 9.89E-03
3.40E+00 3.07E-03 1.05E-02
3.60E+00 | 3.07E-03 1.11E-02
3.80E+00 3.07E-03 1.17E-02
4.00E+00 3.07E-03 1.24E-02
4 20E+00 3.07E-03 1.30E-02
440E4+00 | 3.07E-03 1.36E-02
4.60E+00 3.07E-03 1.42E-02
4.80E+00 | 3.07E-03 1.48E-02
5.00E+H00 3.07E-03 1.54E-02
5.20E4+00 3.07E-03 1.61E-02
540EH)0 3.07E-03 1.67E-02
S5.60E+00 3.07E-03 1.73E-02
5.80E+00 |  3.07E-03 1.79E-02
6.00E+00 3.07E-03 1.85E-02
6.20E+00 3.07E-03 1.92E-02
640E+00 |  3.06E-03 1.98E-02
6.60E+00 3.06E-03 2.04E-02
6.80E+00 3.06E-03 2.10E-02
7.00E+00 | 3.06E-03 2.16E-02
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Table 14

BandW Heavy Actinides [13]

Integral
time Pact/Pmax (fraction-
second)
7.20E+00 | 3.06E-03 2.22E-02
740E+00 |  3.06E-03 2.29E-02
7.60E+00 |  3.06E-03 2.35E-02
7.80E+00 | 3.06E-03 2.41E-02
8.00E+00 | 3.06E-03 2.47E-02
820E+00 | 3.06E-03 2.53E-02
8.40E+00 | 3.06E-03 2.59E-02
8.60E+00 | 3.06E-03 2.66E-02
8.80E+00 | 3.06E-03 2.72E-02
900E+00 | 3.06E-03 2.78E-02
9.20EH+00 | 3.06E-03 2.84E-02
940E+00 | 3.06E-03 2.90E-02
9.60E+00 | 3.06E-03 2.96E-02
9.80E+00 |  3.06E-03 3.03E-02
1.00E+01 3.06E-03 3.09E-02
1.50E+01 |  3.06E-03 4.63E-02
2.00E+01 | 3.05E-03 6.17E-02
4,00E+01 3.04E-03 1.23E-0]
6.00E+01 3.02E-03 1.84E-01
8.00E+01 3.01E-03 2.45E-01
1.00E+02 | 2.99E-03 3.05E-01
150E+02 | 2.95E-03 4,55E-01
2.00EH02 | 2.92E-03 6.03E-01
3.00EH2 | 2.85E-03 8.93E-01
4.00E+02 | 2.78E-03 1.13E+00
6.00E+02 |  2.65E-03 1,72E+00
3.00E+02 | 2.54E-03 225EH00
1.00E+03 | 2.44E-03 2.75E+00
1.S0E+03 | 2.22E-03 3.92E4+00
2.00E+03 [ 2.05E-03 5.00E+00
3.60E+03 1.71E-03 3.03E+00
4.00E+03 1.66E-03 8.71E+00
6.00E+03 1.51E-03 L19E+01
720E+03 | 1.47E-03 1.37E+01
8.00E+03 1.45E-03 1,49E+01
1.00E+04 142E-03 1.78E+01
1.S0E+04 1.38E-03 2.48E+01]
2.00E+04 1.36E-03 3,17E+01
2.B8EH4 | 1.32E-03 4.36E+01
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7.1 First Law Formulation, Auxiliary Feedwater Requirement

Consider a control volume containing the RCS boundary and the SG secondary boundary (including the
portion of main feedwater linc back to the auxiliary feedwater entry and the steam line extension to the
turbine). The familiar form of the First Law of Thermodynamics is written as:

(12) Q=Us-U;+Y mh - mh, +W

where, for the chosen control volume
Q is the heat added by the core
Uy is the final internal energy

U, is the initial internal energy
m, is the mass of Auid exiting

b is the enthalpy of fluid exiting
m; is the mass of fluid entering

h; is the enthalpy of fluid entering
W is the work done

* O & 0 0 ¢ 9 0

The intemal energy terms are arrived at by the summation of the individual internal energy components
determined earlier in this file: :

U= U(Section2.5,2.6,and 2.7) +
’ metal
Uprcs (Sections 3.1,3.2, and 3.3) +

U, (Section3.4) +
Ugg (Sections 4.1,4.2, and 4.3) +
Uyrw (Section 4.4)

The "i" subscript on internal energy denotes the initial power operation state. Either Mode 2 or Mode 3 are
the final "f" operational states.

The RCS is being cooled from full power operation to hot shutdown, then cold shutdown conditions. Since

this is a controlled cooldown the RCS does not pressurize and there is no release of steam from the RCS.
Therefore, the only energy of the fluid exiting the control volume,

Domeh =mg b

where,
® Mgy =mass released from the SG secondary via the safety valves
*  h,,,, =cnthalpy of secondary steam

The mass of steam released through the safety valves can be re-written using the net secondary mass
addition, Amsg calculated in Section 5.2:

-

Mg, =Mppy —Amgg

Fluid entering the control volume includes RCS makeup by the Chemical and Volume Contro} System on
the primary and auxiliary feedwater on the secondary:

Zmlhl = Mpakeoptmakenp +Marwharw  °

ZAC B e300
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Work - referring to mechanical or shaft work, for this control volume, is equal to zero:
wW=0
The "first ]aw” equation then becomes:
Q=Ur = U; +(mppw = 8Msg My = MpegipNimaecy = arwh arw
=Us =U; = Amsgh gy —Mpageup makeup + M arw (Bipsey —harw)
rearranging and solving for mgw (condensate storage tank volume requirement):

h

makeup

(13) Q+ Ui "'Uf +Am50hmm +m makeup

Marw =

h mssv hAFW
For the cooldown from the initial, full power operational mode to Mode 2 over a span of 2 hours:

Q =Q,_,; = 4.0060E8 BTU (Section 6.1)

D" U; =9.3030E8 BTU (Section 2.5)

mietal

Uges; =2.72591E8 BTU (Section 3.1)
U,a; =3.39127E7 BTU (Section 3.4)
Usg; =2.8608E8 BTU (Section 4.1)
Urw, =5-5390E6 BTU (Scction 4.4)

DUi = Eui +URCS.| +Up1r,i +USGJ + UMFW.I ~1.5284E9 BTU

melal

> Uy =8.7267E8 BTU (Section 2.6)

metal

Ugcs = 2.65973E8 BTU (Section 3.2)
U ;2 =2.28756E7 BTU (Section 3.4)
Uss 2 =3.9196E8BTU (Section 4.2)
Um 2 = 1-0828E6 BTU (Section 4.4,100 F is uscd to maximize AFW requirement)

=U;= ZUz +Upcsz + Ypyrz +Uggy +UL°3“ = 1.5546E9 BTU
melsl
Amgs = AmSG,i-&Z =2,1985E5 lbm (Section 5.2)

h,sg; +h
B grssy =w= 1196.1BTU/bm (Sections 4.1 and 4.2)

= Amgch,,, =2.6296E8 BTU
Mnakenp = Mpakeup 12 = 4.7107E3 Ibm (Section 5.1)
hpaxeup 200y (495F)=448.4 BTU/ Ibm (See Table 3.0 — 1, Re ference 14 and ASME steam tables)
=My eupl makenp =2.1123E6 BTU

h'® =70.37 BTU/bm (Section 4.4)

8 h o =90.26 BTU/Ibm (Section 4.4)
T
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A}

The auxiliary feedwater mass required to cool the plant from full power operation to hot shutdown (Mode
2) conditions in two hours is calculated using Equation (13):

m!® —56805ESIbm £—

AFWS~+3

m!  =57827E51bm _—

ATW i

AFW specific volumes are calculated in Section 4.4:

VI =vI®  =0.0160987 /Ibm —

AFW
V12 =10 —go01616ft3 /Ibm —

ArW MFW 2

And the condensate storage tank requirement for cooling the plant to operational Mode 2 in 2 hours:
Z

VSt 152 =Mpwing * View =9.1399E3 fi3 5 6.8371E04 gallons = 68,400 gallons -
VEST1o2 =Mapw iz * View =9.3448E3 % = 6.9904E04 gallons ~ 70,000 gallons ~~

For the cooldown from the initial, full power operational mode to Mode 3 over a span of 8 hours:
Q =Q;_3 =1.0977E9 BTU (Section 6.1)

From above,
= U; ~1.5284E9 BTU

ZU, = 4,8449E8 BTU (Section 2.7) —
metal

URCS,3 =1.81321E8 BTU (Secﬁoﬂ 3.3)
Uz =131304E7 BTU (Section 3.4)

The SG secondary internal energy was determined for 4 different liquid masses. The first case assumes )
that the secondary liquid mass for Mode 3 is identical to the initial, full power, secondary liquid mass.

U 3 =1.2170E8BTU (Section 4.3) .

The sccond case assumes (2) that the secondary liquid just covers the top of the SG tubes:
U, =1.4085E8BTU (Section 4.3) ~

The third case assumes (3) the secondary liquid is just on the narrow range level scale, NRL= 0%:
U, =1.7682E8BTU (Section 4.3)

The final case assumes (4) a nominal SG level of 39% on the narmow range scale:

U, =22208E8 BTU (Section 43)

_&}-—g\/— &/3/02_
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Um , =1.0828E6 BTU (Section 4.4,100 F is used to max imize AFW requirement)

and the final internal energy content for Mode 3:

- ) 100
= U" = ZLU_; +URCS,3 +Upa’,3 +USG,) +UHFW;
melal

where n represents the Mode 3 secondary mass case:

U{" ~8.0064E8 BTU
U® =~8.1979E8 BTU
U =8.5576E8 BTU
Uf? »9.0192E8 BTU

The net steam generator mass balance is taken from Section 5.2 for each Mode 3 secondary mass case:

Am“m) = Am(s'a)M =-6.2200E4 Ibm
Am® =Am®  =4.500E3 Ibm

$G 50,1+
Amg) = Amg’c’m =1.2976E5Ibm
Am(s:) = Am(;)m =2.9051E5 Ibm

h +h
h,., ~ L‘"z—‘s‘i =1190.5BTU/Ibm (Sections 4.1and 4.3)

=Am&b,,.., =-7.4049E7 BTU
Amh,.., =53573E6 BTU
Am@h,., = L5448E8 BTU
Am{h,,,., =3.4585E8 BTU

M paxenp =M makenp, iz =1.0193E4 Ibm (Section 5.1)
B akenp % by g (495 F)=448.4 BTU /1bm (See Table 3.0 - 1, Re ferencel 14 and ASME steam tables)
=m lnﬂwuph makeup = 4.5705E6 BTU .

h'% =70.37 BTU/Ibm (Section 4.4)
h'? =90.26 BTUMbm (Section 4.4)

The auxiliary feedwater mass required to cool the plant from full power operation to hot shutdown (Mode
3) conditions in eight hours is calculated using the following version of Equation (13):

Q+Ui _Ug‘n) +Am§nG)hmm +mmnkeuphmakeup

13 m =
( ‘) AFW hms.w "'hAFW

where (n) represents the Mode 3 secondary mass case:

&1,& /7)o
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For the case (1) in which the Mode 3 SG secondary Jiquid mass is equivalent to the initial mass:

100 _
m'®  =15677E6Ibm

m'? ., =1.5960E6 Ibm

AFWJ,

And the condensate storage tank requirement for case (1):

ViStios = MiRyios * Viow =2.5224E4 ft® = 1.8869E05 gallons ~ 188,700 gallons

VS =miPyi,; + VI, =2.5791E4 £ = 1.9293E05 gallons ~ 193,000 gallons

For the case (2) in which the Mode 3 SG secondary liquid mass completely covers the SG tubes:

m'%  =1.6215E6 lbm

AFW)

m'? . =1.6508E6 lbm

AFWS-s

And the condensate storage tank requirement for case (2):

VESTin3 = Mipwjas * Viw = 2.6090E4 f* =1.9517E05 gallons = 195,200 gallons

V& 13 =M, 2 * View = 2.6677E4 & = 1.9956E05 gallons = 199,600 gallons

For the case (3) in which the Mode 3 SG secondary liquid level just registers on the narrow range scale, 0%
NRL:

m!® , =1.7225E6 Ibm

AFW -+

m'? , =1.7536E6 Ibm

AFW)-»

And the condensate storage tank requirement for case (3):

VR iez = Mifwans * Varw = 2.7715E4 ft® = 2.0732E05 gallons ~ 207,400 gallons

V501 = miRwiaa ¥ Vithw = 2.8338E4 f® =2.1198E05 gallons ~ 212,000 gallons

For the case (4) in which the Mode 3 SG secondary liquid level registers 39% on the narrow range scale:

m'®  =1.8521E6Ibm

AFW I

m'®  =1.8856E6 Ibm

AFWi-+3

And the condensate storage tank requirement for case (3):

V& i3 =miRw L * ViRw = 2.9800E4 f* = 2.2292E05 gallons ~ 223,000 gallons

V& ins = Miwiag * Vigw =3.0471E4 i =2.2794E05 gallons ~ 228,000 gallons

/&1:—%/- 4/?/0’?_ |
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8.1 Results and Conclusions

The condensate storage tank inventory requirement was examined in this calculation. The original basis
regarding cooldown is adapted -- the plant is tripped from full power and cooled to hot shutdown
conditions over a 2-hour period followed by 2 cool-down to RHR cut-in conditions in § hours; a total of 8
hours. Parametric studies regarding the auxiliary feedwater temperature and SG secondary inventory
conditions - at RHR cut-in - were performed. Results of the study are detailed in Table 15.

Table 15
Condensate Storage Tank Inventory Requirement

Cooldown from full-power to hot shutdown
conditions:
100 F AFW temperature 68,400 gal -~
120 F AFW temperature 70,000 gal -
Cooldown from full-power to RHR cut-in conditions:

No change in SG secondary inventory
100 F AFW temperature 188,700 gal -
120 F AFW temperature 193,000 gal -
SG tubes covered by secondary inventory at RHR
cut-in
100 F AFW temperature 195,200 gal ~
120 F AFW temperature 199,600 gal —
0% Narrow Range Level at RHR cut-in

100 F AFW temperature 207,400 gal —
120 F AFW temperature 212,000 gal -~
39% Narrow Range Level at RHR cut-in

100 F AFW temperature 223,000 gal -~
120 F AFW temperature 228,000 gal «»~

&’2 fg,/ &2/ 0~ __
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Reference 1.
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SQN CONDENSATE VOLUME REQUIREMENT VERIFICATION

32-5014532-00

Appendix A

Customer Information Regarding the Feedwater System Volume

Reference 2, Figure 1
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