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fort Calhoun Station Reactor Vessel Integrity Calculation Summary
fugust 14, 1992

With respect to the July 3, 1992, small break loss of coolant event at Ffort
Calhoun Station (FCS), Omaha Public Power District (OPPD) has performed ar
evaluation related %o the establishment of natural circulation and a conservative
analysis for stagnant reactor vessel downcomer flow utilizing the REMIX code.

Based upon computer simulations of natural circulation events at other Combustion
[ngineering (LE) desi?ned plants, flow into the downcomer decreased to about 3%
of full flow at its lowest point followin? the trip of the final two reactor
coolant pumps (at 23:49 on July 3, 1992). The ability of FCS to transition into
natural circulation following a pump trip ic one of the tundamental design bases
of the CE reactor coolant system (RCS). To stagnate flow and prevent the plant
from going into natural circul.iion during the time frame immediately following
a pump irip is considered improbable.

Subcooled natural circulation is - ified by the operator per the appropriate
floating steps in Emergency Opera..)g Procedure EOP-20, Functional Recovery
Procedure, as indicated by: (1) AT (cold leg and hot leg) is less than or equal
to 57°F, (2) the difference between core exit thermocouples (CET) and RCS T,
is less than or equal to 10°F, (3) RCS 1,,, and T, temperatures are stable or
lowering and (4) RCS subcooling is greater than or equal to 20°F, By confirmtn?
that 21l of the above requirements are met, the operator is assured that natura
circulation is present in the RCS.

The operator logged confirmation of natural circulation during the transient at
00:04 on July 4, 1992. Natural circulatiun most 1ikely existed earlier due to
the fixed geometry of the RCS, i.e., the position of the core relative to the
steam ge-2rator. and the inventory of relatively cold water that exists above the
core in the cold legs and in the steam generator U-tubes. However, some time is
required for development of a stable core AT and subsequent verification of the
natura) circulation criteria by the operator using EOP-20. Natural circulation
provides sufficient wixing to preclude flow siratification in the cold
leq/downcomer regions. Based on data from the event, OPPD and CE qualitatively
concluded that natural circtlation was established. However, since a detailed
computer simulation for the July 3 event is not available, a conservative
a;:umpt;on of flow stagnation was made to ensure 1 bounding lower temperature was
obtained,

CE performed an evaluation of the thermal-hydraulic transients resulting from the
injection of righ pressure safety injection (HPSlL flow into a RCS cold leg
during a period of postulated flow stagnation in the RCS loop. The rusulting
thermal stratification in the cold leg and the vessel downcomer is of importance
for pressurized thermal shock (PTS) related evaluations. The FCS safety
injection (SI) nozzle is at a 75° angle, relative to the center line of the rold
leg, for injection into the cold leg wiiich enhances mixing with the RCS fluid.
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Bacsground Information on REMIX:

In general, transient system codes such as RELAP or RETRAN provide bulk coolant
temperatures and not Tocal temporature distributions which may result from
thermal stratification phenomena. These codes assume uniform mixing in each
node. This assumption is valid as long as forced or natural circulation is
present in the loog and downcomer. T picall{, natural circulation flows are
several times the HPSI flows, which would result in good mixing of the Toop flow
u:th t?: HPST flow. Flow stratification would be obtained only dur' . flow
stagnation.

The rcgion-l mixing model of the REMIX code calculates the effect of HPSI flow
stratification in the cold leg and the downcomer duriqf loop flow stagnation.
The models of the REMIX code have been successfully vsed to interpret test data
(Reference 2) within the garameters experienced at tCS. The use of REMIX at
higher system pressure (1000-1250 psi) and lower HPSI flow rates (200 %Fm total;
ox?orionccd during the FCS transient 1s within the conservative bounds o

validity of the REMIX code.

Physical Model of RIMIX Code:

The physical situation, modelled under assumed stagnation conditions, is depicted
in Figure 1. The relevant portions of the RCS which participate in the regiona!
mixing include all! fluid particles that can reach the injection nozzle t rough
a sequence of horizontal and upward vertical translation. These include the
Toop-seal, cold leg, downcomer and the lower plenum volumes.

Safety injection flow enters the system through the SI line and an equivalent
flow rate exits througn the reactor core, as dictated by continuity
considerations. For ail Practica‘ S1 rates, a stratified cold leg configuration
is obtained as shown in Figure 1.

A "cold stream" originates with the injected stream, continues towards both ends
of the culd leg and decays aw’( as the resuiting plumes fall into the downcomer
and pump/loop-seal regions. "hot stresam" flows counter to the "cold stream"
supplying the flow necessary for mixing (entrainment) at the mixing regions shown
in Figure 1 (MR-1 to MR-5). Significant mixing of the HPSI flow with the “hot
stream" occurs right at the point of injection ﬂﬂR-l). In MR-3 and MR-5 mixing
occurs because of transitions from horizontal layers into falling plumes.
Negligible mixing occurs in MR-2, the interface between the hot and the cold
:trnams in the cold Teg. MR-4 is the region where the Gowncomer plume finally
ecays.

From a practical standpoint the minimum (centerline) downcomer plume temperature
is of significance. 1t is governed by the strength of the downcomer plume which,
in turn, is dictated by the extent of the cold leg stratification,
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Event Specific Input for twe SERIK Code

A period of no flow conditicns in the cold legs and downcomer was conservatively
assumed to have taken place immediately folluwing the end of coastdown of the
second pair of reactor coolant pumps, RC-3A and RC-3C (23:55 on July 3, 1992).
This period was assumed to last unti) natural circulation flow was operationally
confirmed at 00:04 on July 4, 1992,

Review of plant data from the Qualified Safety Parameter Displlx System (QSPDS;

with respect to cold leg temperature transients, reactor coolant pump (RCP
operation and safety injection cycles indicated that cold leg 1A and the reactor
vessel downcomer region below the reactor vessel inlet nozzle 1A are the most
limiting with respect to the coolant temperature. Assuming the lowest initial

goolant temperature results in a conservative final fluid temperature in the
owncomer .

Accordinglg. Cold Leg 1A temperature (0QSPDS channel TA112C) data was used to
identify the lpgropriato inftial coolant temperature as input to the REMIX code.

The identified temperature value, 494°F, is the lowest cold leg temperature {ust
rior to and during the assumed stagnation period. For most of this period,
owever, the coolant temperature was around 520°F.

Sumnary of REMIX Results:

The transient was simulated using the REMIX computer code (Reference 1). The
results for the Cfses are summarized in Table 1. All cases conservativclg assume
“ine minutes of flow stagnation and a constant average safety injection (S1) flow
rate into the stagnated cold ieg, even though actual event data quantitatively
indicates the establishment of natural circulation. The initial loop temperature
utilized s 494°F; the ' | flow temperature utilized is 80°F, the safety injection
and refueling water tanx temperature noted in the control room log.

Case 1 utilizes the lower plenum volume as a part of the tutal mixing volume in
the REMIX mode). For additional conservatism this mixing volume was modified for
Case 2. Case 2 assumes the lower plenum volume does not participate in the
regional mixing process. This assumption is conservative and results in a lower
downcomer plume temperature.

Table 1 1ists the calculated downcomer gﬂume centerline temperatures. The plume
centerline temperature is at 10.4 feet below the cold leg centerline which is at
the top of the most 1imiting 3-410 reactor vessel slongitudinal) weld. Other key
RCS parameters from the event are also shown ir Table 1.
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Additional censervatism was also incorporated into the evaluation. The heat
transfer coefficient used to determine the temperature distribution through the
vessel wall was assumed to be 1000 BTU/hr ft°F., A more typical value for natural
circulation flow would be 300 BTU/hr ft’F. The temperature profile used the
lowest t rature on the centerline of the plume on the entire vessel; the crack
depth used in the analysis is 28% greater than the crack depth required to be
used in Appendix E

The results from the recently completed March 1992 vessel 100% inservice
inspection show that an indication even close to the 1.00 inch crack depth
required b‘ Appendix £ does not exist in the FCS vessel. A smaller crack would
increase the margin in £-1300.
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Lower Plenum S1 Flow Plume Center
Case No. In Mode) Rate, G Line Temp*,°F
1 Yes 100 386
2 No 100 363

Y E kT o L.

* This is the downcomer plume centerline temperature at 10.4 ft. below the
gol?olog centerline which is the top of the limiting longitudinal seam weld

Pinutes o Tan e bS5 b O SR ool RY
Initial loop temperature « 494°F

SI flow temperature « BO°F

System pressure = 1000 psia

S1 injection in two loops only
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Figure 1
The Temperature Jones of the Regional Mixing Model (RMM)
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