5.14  Stean Cenerator Tube Rupture Event
©5.14.1 Definition ol Event

A steam go°nerator tube rupture event is defined as a loss of integrity
of the bar-ier between the rea~tor coolant system and the main steam
system as a result of the penetrction of a steam generator tube. The
most likely cause of such an evenu is the complete failure of a tube-
to-sheet weld or the rapid propagatio: of a circumferential tube
crack. The integrity of this barrier is significant from the radiolog-
ical safety standpoint, because a leaking steam generator tube will
allow the transportation of reactor coolant into the main steam sys-
tem. Radioactivity contained in the reactor coolant mixes with shell
side water in the affected steam generator. This radiocactive contam-
ination is transported by steam to the turbine and then to the conden-
ser, or directly to the condenser via the steam dump and bypass sys-
tem. Noncondensible redioactive naterials will be discharged through
the condenser vacuum pumps to ihe atmosphere.

As a result of the tube rupture the primary coolant transfer causes
the water level in the affected steam generator to increase and the
pressurizer level to decrease, provided that the tube leak rate ex-
ceeds the charging punp capacities. In the case of a double-ended
tube rupture, the Design Basis event, the leak rate far exceeds the
charging pump capacities, and consequently pressurizer level will de-
crease. The decrease in the pressurizer level and the inability of
the heaters to maintain pressurizer pressure causes the RCS pressure
to decrease. The rate of primary system depressurization is deter-
mined by the leak rate, charging flow rate and the pressurizer heater
capacity. The decreasing level will eventually cause the pressurizer
to empty, which will result in the primary pressure dropping to the
hot leg saturstion pressure. Since no credit is taken in the analysis
for the manual trip upon observation of either an RCS leak rate in
excess of the Technical Specification or excessive secondary side
activity, a reactor trip will result from low pressurizer pressure.

The decrease in the primary pressure will also initiate a Safety Injec-
tion Actuation Signal (SIAS). If a loss of offsite power (i.e., the
case for limiting radiological consequences) is not assumed, a manual
trip of the reactor coolant pumps (RCPs) at 1350 psia will be per-
formed in accerdance with Fort Calhoun Station Emergency Operating
Procedures. This will reduce the primary to secondary heat transfer
rate and result in a higher hot leg temperature, which slows down the
rate of primary system depressurization. As the pressure drops below
the High Pressure Safety Injection (HPSI) pump shut-off head, Safety
Injection (SI) flow is delivered to the core. The SI and charging
flow partially offsets the mass loss from the ruptured tube, and re-
sults in slowing the depressurization of the primary system. Conse-
quently, these two effects result in a higher primary pressure, which
increases the primary-to-secondary leak rate.

Upon reactor trip the steam dump and bypass system will be actuated to
reduce secondary pressure. The main feedwater flow will also ramp
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down to the 11 percent of full feed flow in 20 seconds and cooldown of
the primery system will continue. After 1800 seconds, the operator is
assumed tc isolate the affected steam generator and continue the cool-
down of the primary system using the unaffected steam generator.

Analysis Criteria

The “team generator tube rupture event is classified as a postulated
acciden for which the dose rates must be within the 10 CFR 100 guide-
lines.

Ol lective of Ana:vsis

The (bjective. « the analysis is to demonstrate that the 2-hour site
boundary drse will not exceed the 10 CFR 100 guidelines in case of a
steam ge .erator tube rupture event.

Key ", rameters and Analysis Assumptions

Tre ke ' parameters used in the steam generator tube rupture event are
siven n Table 5.14.4-1. Assumptions used in the analysis to maximize
the 2-iour site boundary dose inciude:

5.14 *.1 NSSS Response

» B Maximum charging “low and zerc letdown flow are as-
sumed,
2. A loss of offsite power is assumed concurrent with

reactor trip. Manual operation of the Auxiliary
Feedwater System is assumed upon the 12ss of the
main feedwater system.

3, The steam dump and bypass svstem is assumed to be
inoperable.
4. The leak rate, from the primary-to-secondary, is max-

imized using the combination of maximum primary pres-
sure with minimum secondary pressure and coastdown
of reactor coolant pumps following the loss of (. f-
site power.

5.14.4.2 Radieclogical Consequences
Thyroid Doses

In order to calrulate the site boundary thyrcid dose, the
total activity, ID , released to the environment must
be first determined. The primary release paths for the
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5.14.4.2  Radiological Consequences (Continued)
Thyroid Doses (Continued)

activity released to the atmosphere are through the Main
Steam Safety Valves (MSS§V’'s), the Atmospheric Dump Valve,
FW-10 vent or the condenser off-gas. The iodine transport-
ed from the steam generators is made up of two components,
the iodine mechanically entrained in the moisture of the
steam and the iodine which is volatile. A decontamination
factor of 10 is used in the event when steam is released
directly to the environment via MSSV's or the Atmospheric
Dump Valve, and a decontamination factor of 2000 is used
for release through the condenser off-gas or the vent on
FW-10. The decontamination factor is defined as the ratio
of the concentration of iodine in water to the concentra-
tion of jodine in steam. The primary coolant iodine activ-
ities, Ippy, are assumed to be the upper limits of the
values permitted by the Technical Specifications.

Whole Body Dose

The whole body dose is due to beta and gamma radiation
from a cloud of noble gases released from the plant. The
noble gases are any Krypton and Xenon gases present in the
RCS coolant., The inventory of noble gases in the coolant
is assumed to be based on one (1) percent fuel failure as
listed in Table 5.14.4-2. (All the noble gas activity con-
tained in the primary coolant which is leaked through to
the secondary side is assumed to be released to the envi-
ronment. )

Analysis Method

The analysis methods used by OPPD to analyze the first 30 minutes in a
steam generator tube rupture event consist of using the CESEC-III com-
puter code to simulate the event, utilizing *he analysis assumption
listed in Section 5.14.4 (above) as input ind extracting information
regarding the amount of steam and its path leaving both steam genera-
tors. The affected generator is assumed to be isolated after 30 min-
utes.

Steam and associated radioactive nuclides released to the environment
from the unaffected steam generator via the manually operated atmos-
pheric dump valve, after the affected steam generator has been iso-
lated, {s estimated based on the sum of (1) the sensible heat released
from the primary ccolant (including the affected steam generator) util-
izing the maximum Technical Specification cooldown rate, (2) the sens-
ible heat released from the unaffected steam generator cooldown, (3)
the decay power, after 30 minutes, is assumed constant, and (4) 10
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percent of the total heat released in an hour and one-half after the
affected steam generator has been isolated is added to account for
cooldown of structural material. The steam releases are extrapolated
for an additional 1% hours from the isolation of the affected genera-
tor to provide input into the radiocactive release c..culations to de-
termine a 2 hour dose at the site boundary.

Analysis Results

The results of the steam generator tube rupture are contained in the
Fort Calhoun Station Unit No. 1 USAR, Section 14.14, and dose rates
are within the 10 CFR 1C0 guidelines.

Conservatism of Results

A The pressurizer level control system ‘s operated in the AUTO
mode rather than the MANUAL mode as assumed in the analysis.

2. Actual primary pressure is lower and secondary pressure is high-
er which would result in a lower leak rate.

3. All three HPSI pumps are assumed to start., (For a loss of off-
site power only two pumps are automatically loaded on the die-
sel, the third pump must be manually loaded by the operator).

4. Actual time delay after the SIAS until the HPSI pumps reach full
speed is 30 seconds instead of one second as assumed in the anal-
ysis.

8, The Steam Dump and Bypass system is assumed unavailable concur-

rent with turbine trip which establishes a direct path for radio-
active steam to the enviromment through the secondary safety
valves, thus maximizing the dose rates.

6. The main feedwater system is assumed to be unavailable due to
loss of offsite power concurrent with the turbine trip and man-
ual operation of the auxiliary feedwater system is assumed. In
case of a normal reactor trip, the main feedwater flow ramps
down to 100 1lbm/sec-SG compared to the AFW flow rate of 18 lbm/
sec-SG. This lower flow rate results in higher primary and
secondary temperatures and pressures.

r4f The primary coolant activity is assum~d to be the max. .um permit-
ted by the Technical Specification i.its and constant through-
out the event. No credit is taken for the reduction of specific
fission product activity in the reactor coolant system resulting
from the dilution with safety injection and charging flows.
Similarly no credit is taken for the dilution of activity on the
secondary side with the main or auxiliary feedwater. The ini-
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tial mass of the coolant in the affected steam generator is
assumed to be constant for the purpose of determinirg radio-

logical consequences.

8. No credit is taken for decay for the radiocactive isotopes in
transit to dose points.



Table 5.14.4-1

KEY PARAMFTERS ASSUMED IN THE S1uAM GENERATOR TUBE RUPTURE EVENT ANALYSIS

NSSS:
Parameier

Initial Core Power Level

Initial Core Inlet Temperature

Initial RCS Pressure

Initial Steam Generator Pressure

High Prossure Safety Injection
Charging Pump Flow

Core Average Hgap

CEA Drop Time

Scram Reactivity Werth

Erimary Coolant Activities:
IpeqQ

Noble Gases

Radiological:

Decontamination Factor

Breathing Rate
Dose Conversion Factor (IDEQ)

Dispersion Factor

Units
g

‘F
psia

psia

No. Pumps Operable
No. Pumps Operable

BTU/hr-Ft2-*F

sec,

$4p

uCi/gm

uCi/gm

release through MSSV's
release through condenser

m3/sec.
Rem/C1

sec/m3

Value
102

Maximum allowed by
Tech. Specs.

Maximum allowed by
Tech. Specs.

Minimum value corre-
sponding to core in-
let vemperature oper-
ating range.

Maximum number,
BT |

Maximum number,
. G gl |

Minimum predicted
during core life-
time.

Maximum allowed by
Tech. Specs.

Minimum predicted

during core life-
time.

Maximum allowed by
Tech. Specs.

Based on 1 percemnt
fuel failure

10

2000

3.47 » 1074

1.48 x 10°

6.3E-4



Table 5.14.4-2

NOBLE GAS INVENTORY IN THE REACTOR COOLANT
BASED ON 1% FAILED FUEL

Coolant Et Eﬂ F
Nuclide (Curies, ©1)  (Mev/dls)  (MevPdls) (Fraction of Total Ci)
Kr-85m 211 .284 .156 7.58E-3
Kr-85 13¢ L 249 .0021 4 .B9E-3
Kr-87 119 1.334 .856 3.95E-3
Kr-88 299 .367 2.0 1.07E-2
Xe-133 2.591F4 .099 .0728 9.31E-1
Xe-135 1.116E3 .307 . 248 4,01E-2
Xe-138 48 .2 .961 ,932 1.73E-3
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References: 1. Docket No. 50-28%

2. "OPPD Nuclear Analysis, Reload Core Analysis Methodology,
Transient and Accident Methods and Verification,"
OPPD-NA-8303-P, Revision 1, dated November 1986
Gentlemen:

SUBJECT: Addition of Section 5.15, Steam Generator Tube Rupture Event

Enclosed for your review and approval is OPPD’s proposed Steam Generator Tube
Rupture Event Methodology which, if approved, wiil be incorporated into Refer-
ence 2.

The Updated Safety Analysis Report (USAR), Chapter 14, Section 14, Analysis of
the Steam Generator Tube Rupture (SGTR) was analyzed by Combustion Engineering
for the original Ticense submittzi, the FSAR. OPPD proposes that the USAR an-
alysis be updated to the current Cycle 11 operating condition: after accept-
ance of this methodology change. A revised and retyped methudology report
will be transmitted upon your approval of this submittal.

Please note that pursuant to 10 CFR 2.780(b)(1), the attached information has
been deemed trade secrets and/or privileged commercial infermation by OPPD.
Accordingly, please find :ttached OPPD’'s application for withholding this in-
formation from public disclosure. Enclosed herewith also is a check in the
amount of $150.00 per 12 CFR 170 for review of this document.

Sincerely,
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R. L. Andrews
Division Manager
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